
 
 

Environmental Impact Assessment 
 
 

 
 

 
 

Project Number: 43031 
July 2011 

 
 

People’s Republic of China: Hunan Xiangjiang 
Inland Waterway Project 
 
 
 
 
 
 

 
Prepared by the Hunan Xiangjiang Navigation Construction & Development Co., Ltd.  
 

 
 

The environmental impact assessment is a document of the borrower. The views expressed 
herein do not necessarily represent those of ADB's Board of Directors, Management, or staff, and 
may be preliminary in nature. Your attention is directed to the "Terms of Use" section of this 
website.  



 
 

CURRENCY EQUIVALENTS 
(as of October 2010) 

 
Currency Unit = RMB 
100 RMB = $14.71 
$100 = 680 RMB 

 
In this report, the rate used is the rate prevailing at the above date. 

 
ABBREVIATIONS 

 
ADB — Asian Development Bank  
AP — Affected person 
As — Arsenic 
BOD — Biochemical oxygen demand 
Cd — Cadmium 
CEMP — Construction environmental management plan 
CO2 — Carbon dioxide 
COD — Chemical oxygen demand 
Cr6+ — Hexavalent chromium 
Cu — Copper 
EA — Executing Agency 
EIA  — Environmental impact assessment  
EIRR — Economic Internal Rate of Return 
EMP — Environmental Management Plan 
EnvSE — Environmental Supervising Engineer 
FYP — Five year plan 
GDP — gross domestic product 
GRM — Grievance redress mechanism 
Hg — mercury 
HGV — heavy goods vehicle 
HPDOT — Hunan Province Department of Transport 
HPEPB — Hunan Province Environmental Protection Bureau 
IA — Implementing Agency 
IEE — Initial Environmental Examination 
masl — metres above sea level 
MEP — Ministry of Environmental Protection 
Mn — Manganese 
MOT — Ministry of Transport 
na — not available 
NGO  — Non-Governmental Organization  
NH3-N — Ammoniacal nitrogen 
NO2 — Nitrogen dioxide 
Pb — Lead 
PCC — Project Complaints Commission 
PIU — Project Implementation Unit 
PM10 — Particulate matter with a diameter 10µm  
ppe — personal protection equipment 
PPTA — Project preparation technical assistant 
PRC — People’s Republic of China 
RE — Resident Engineer  
RO — Resettlement Office 



 
 

Se — Selenium 
SO2 — Sulphur dioxide 
SS — Suspended solids 
STI — Sexually transmitted illness 
SWC — Soil and water conservation 
TSP — Total suspended particles 
XNCD — Hunan Xiangjiang Navigation Construction and 

Development Corporation Ltd 
Zn — Zinc 

 
WEIGHTS AND MEASURES 

 
о С  — degrees celsius  
mm — millimetre 
cm  — centimetre  
m — metre 
km — kilometre 
m2 — square metre 
hm2 — square hectometre  
ha  — hectare  
km2 — square kilometre  
m3 — cubic metre 
MCM — million cubic metres 
mu — Chinese unit of area 
mg — milligram 
t — ton 
mg/l — milligram per litre 
mg/m3 — milligram per cubic metre 
kg/m3 — kilogram per cubic metre  
t/km2 — ton per kilometre squared 
m/s — metre per second 
km/h — kilometre per hour 
m3/s — metres cubed per second 
m3/hr — metres cubed per hour 
m3/d — metres cubed per day 
kW — kilowatt  
MW — mega watt 
kWh — kilowatt hour 
MkWh — million kilowatt hour 
dB(A) — ‘A’-weighted decibel 
l/cap/d — litre per capita per day 
   

 
NOTES 

 
(i)  The fiscal year of the Government and its agencies ends on 31 December. 
(ii)  In this report, "$" refers to US dollars. 



 
 

 
TABLE OF CONTENTS 
1 EXECUTIVE SUMMARY           1 

1.1 Introduction            1 
1.2 Critical Facts            1 
1.3 Significant Findings         20 
1.4 Recommendations         33 

2. INTRODUCTION          38 
2.1 Background          38 
2.2 The Proposed Project         40 
2.3 Previous Studies and Preparation of Consolidated Project  
 Environmental Impact Assessment        41 
2.4 Structure of EIA Report        42 

3. POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK     44 
3.1 Policy           44 
3.2 Environmental Law         47 
3.3 Environmental Impact Assessment Requirements     49 
3.4 Administrative Framework        52 

 3.5 Environmental Management in Human Province      54 

4. DESCRIPTION OF THE PROJECT        59 
4.1 Type of Project         59 
4.2 Need for the Project         59 
4.3 Project Location         60 
4.4 Description of the Main Project Components      65 
4.5 Ancillary Facilities for the Tugutang Barrage       72 

 4.6 Construction-Related Issues for Tugutang Barrage      73 
 4.7 Reservoir Inundation and Resettlement       78 
 4.8 Operation Mode          82 

5. DESCRIPTION OF THE ENVIRONMENT       83 
5.1 Introduction          83 
5.2 Physical Resources         84 
5.3 Ecological Resources                  105 
5.4 Economic Development                 121 
5.5 Social and Cultural Resources                126 

6. ALTERNATIVES                   137 
6.1 Alternative Analysis                  137 
6.2 No-PROJECT Alternative                 137 
6.3 Location Alternatives                  140 
6.4 Technological Alternatives                 143 

7. ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES           146 
7.1 Introduction                         146 

 7.2 Hydrological Regime                      149 
 7.3 Water Quality                         151 
 7.4 River Bed Sediments                        158 

7.5 Groundwater                          160 
 7.6 Geology, Soils and Slope Stability                160 
 7.7 Phytoplankton, Zooplankton and Zoobenthos            163 
 7.8 Fishery Resources                       164 



 
 

 7.9 Terrestrial Habitats and Plants              168 
 7.10 Terrestrial Fauna                169 
 7.11 Air Quality and Micro-Climate               170 
 7.12 Noise                           172 
 7.13 Socio-Economic Impacts on Resettlement             174 
 7.14 Regional Economic Impacts               180 
 7.15 Health and Safety Impacts               180 
 7.16 Solid Waste                        187 
 7.17 Construction Camp Impacts and Management            187 
 7.18 Physical Cultural Resources               187 
 7.19 Cumulative and Induced Impacts                     188 
 7.20 Impacts on Biodiversity               190 
 7.21 Climate Change Impacts               191 
 7.22 Transmission Line Impacts               192 

8. PUBLIC CONSULTATION AND INFORMATION DISCLOSURE             193 
8.1 Public Participation Process                 193 

 8.2 Results of First Round of Consultation               193 
8.3 Second Round                         198 
8.4 Public Feedback and Response                200 

9 GRIEVANCE REDRESS MECHANISM                202 
9.1 Introduction                   202 
9.2 Current Practice                  202 

 9.3 Proposed Grievance Redress System               203 
9.4 Responsibilities of PCC                 204 

10. ENVIRONMENTAL MANAGEMENT PLAN                206 
10.1 Environmental Safeguards                 206 
10.2 Mitigation Measures                  206 
10.3 Environmental Monitoring                 219 
10.4 Implementation                   220 
10.5 Cost of Implementing the Environmental Management Plan             226 
10.6 Capacity Building                  232 

        
11 CONCLUSION                   234 
 11.1 Project Level Impacts                    234 
 11.2 Environmental Management Plan                236 

 
APPENDIX 
1 Environmental Management Plan 
2 Water Quality Standards and Results 
3 Terrestrial Ecology 
4 Aquatic Ecology 
5 Industrial and Domestic Wastewater Discharges 
6 Environmental Quality Standards for Air, Water and Soil 
7 Project Details 
8 Assessment of the Environmental Impacts of the Transmission Line 



1. EXECUTIVE SUMMARY 
 

1.1 Introduction 
 
1. Purpose of the project. The Ministry of Transportation (MOT) of the People’s Republic 
of China (PRC) is encouraging investment in inland waterways to promote the movement of 
goods, which makes use of the large inland waterway system, is suitable for the bulk transport 
of non-perishable goods, and is environmentally-friendly compared with investment in road and 
rail. The Hunan Province Department of Transport (HPDOT) has been involved in the planning 
and execution of a cascade of nine multi-purpose barrages on the Xiangjiang River, a tributary 
of the Yangtze1, over the last two decades. The main objectives of the cascade are to raise the 
navigation standard on the river to Class III and provide hydropower. The Hunan Xiangjiang 
Inland Waterways Transport Project (herein referred to as the Project) is the second to last of 
the complexes to be implemented and has been identified for financial assistance from the 
Asian Development Bank (ADB). 
 
2. Scope of work. The preparation of the EIA has involved: the collection of information 
related to the environmental conditions in the study area; the preparation and critical review of 
the EIA methodology followed by the commissioning of special studies to evaluate the water 
environment, fisheries, terrestrial ecology, soil and water conservation, and physical cultural 
resources; the assessment of potential location specific environmental impacts; the  
development of preventive / mitigation measures for significant impacts; the evaluation of 
alternative locations for the Complex and alternative technologies; economic assessment of the 
environmental benefits and costs; preparation of the Environmental Management and 
Monitoring Plans; and extensive public consultations. 
 

1.2 Critical Facts 
 

1.2.1 Legal and Administrative Framework 
 

a. Legal Framework 
 

3. The PRC’s environment legal framework is similar to international practices and is 
structured as shown in Table 1.1 below. 
 

Table 1.1: Key Environmental Legislation in the People’s Republic of China 
Name of the Law Year Adopted 

Constitution of the PRC 1982 
Law of the PRC on the Evaluation of  Environmental Effects   2001  
Environmental Protection Law of the PRC 1989  
Water Law of the PRC  2002  
Law of the PRC on the Prevention and Control of Water Pollution  2008  
Law of the PRC on the Prevention and Control of Atmospheric Pollution  2009 
Law of the PRC on the Prevention and Control of Environmental Noise Pollution  1997 
Law of the PRC on the Prevention and Control of Environmental Pollution by Solid Waste  2005 
Law of the PRC on Water and Soil Conservation  1991 
Land Administration Law of the PRC 2004 
Law of the PRC on the Protection of Cultural Relics 2002 
Law of the PRC on the Protection of Wild Life 1998 

                                           
1 The name “Yangtze”, also spelled “Yangzhi” is commonly called “Chang Jiang” in the People’s Republic of China and often is 

denoted as such on Chinese maps.  
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Name of the Law Year Adopted 
Fishery Law of the PRC 2004 
Flood Control Law of the PRC 1998 
Law of the PRC on the Prevention and Treatment of Infectious Diseases 2004 
Source: PPTA Consultants. 
 

b. EIA Requirements 
 

4. The Project will be subject to the environmental requirements of both the PRC and those 
of the ADB. These requirements are as follows. 
 
5. EIA requirements of ADB. The ADB EIA requirements are set out in Safeguard Policy 
Statement (2009). This Project has been screened for expected environmental impacts and 
categorized as  Category A: projects with potential for significant adverse environmental impacts 
─an environmental impact assessment is required to address significant impacts. This EIA 
reports has been prepared based on Appendix 1 of the Safeguard Policy Statement (2009). 
 
6. EIA Requirements of the PRC. The EIA requirements of the PRC are regulated by the 
Law on the Evaluation of Environmental Effects. The EIA requirements are further elaborated in 
a series of technical guidelines and standards which cover general principles, a range of topic 
areas (surface water, air, noise, etc) and issues related to construction in general and the 
development of hydropower and water conservancy projects. 
 
7. Projects which are likely to result in significant environmental effects require a full EIA. 
An Outline EIA is prepared, describing the proposed project and the approach to undertaking 
the full EIA, including methodologies for baseline evaluation and impact assessment. The 
Outline EIA is submitted to and reviewed by the relevant authority at the province or national 
level. The EIA is then developed, taking into consideration the recommendations of the 
regulatory authorities. The public must be consulted on the EIA and their comments reported in 
the EIA. The full EIA is reviewed by the relevant authority, which is supposed to respond within 
60 days from submission of the completed EIA Report. Figure 1.1 provides a simplified diagram 
of the EIA procedure in the PRC. 
 
8. The scope of the detailed EIA is defined by the Outline EIA. The detailed EIA must 
contain the following chapters: (i) environmental baseline data; (ii) project alternatives; (iii) 
recommendations for minimizing, mitigation and elimination of impacts; (iv) analysis of the 
extent and distribution of adverse impacts and their consequences; (v) risk assessment, (vi) 
environmental protection plan; (vii) environmental monitoring program; and (viii) opinions of 
affected persons on whether the project should be implemented.  
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Figure 1.1: The EIA Procedure in the PRC 
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9. The EIA for the  Project was commissioned by XNCD and undertaken by the 
HydroChina Zhongnan Engineering Corporation. The EIA Consultants prepared an EIA Outline 
setting out information about the project, and the proposed approach to the EIA including 
baseline evaluation and impact assessment. The EIA was reviewed by technical specialists and 
recommendations were made for specialist studies in the impact on fisheries and polluted river 
bed sediments. The EIA Consultants commissioned these studies, which were reported 
separately, and summarized the results in the EIA report. The draft EIA report was completed in 
August 2010 and revised in April 2011. 
 

c. Administrative framework 
 

10. National Level. The Ministry of Environmental Protection (MEP) has responsibility for 
establishing a sound basis for environmental protection at the national level. This includes 
developing national policy, legislation and national objectives for emissions reduction. The MEP 
carries out EIAs for important economic and technological policies, development plans and 
major economic development plans. They are also responsible for approving EIA reports for 
major development and construction projects. The MEP also supervises and manages the 
prevention and control of environmental pollution. 
  
11. Provincial Level. The Hunan Province Environmental Protection Bureau is responsible 
for various activities. The Hunan EPB is responsible for implementation of the EIA process for 
projects which are reviewed and approved by them, including the Tugutang Navigation and 
Hydropower Complex. They are also responsible for the preparation and implementation of 
action plans to comply with the Province’s emission reduction objectives and to that end they 
have prepared and implemented several plans specifically to reduce the pollution of the 
Xiangjiang River and sediments through the Plan for the Xiangjiang River Pollution Control and 
the Special Plan for Cadmium Pollution Control in the Xiangjiang River both during the 11th FYP 
(2006-2010), the Comprehensive Ecological Environmental Treatment Plan for the Xiangjiang 
River (2009) and the Special Plan for Heavy Metal Pollution Control in the Xiangjiang River 
(2010-2015). The Hunan Environmental Monitoring Centre comes under the auspices of the 
Hunan EPB and is responsible for conducting environmental monitoring programmes for air, 
water, soil, and noise quality.  
 

1.2.2 Description of the Project 
 
12. Type of project. The proposed Project concerns the construction of a multi-purpose 
river barrage and associated works to improve the navigational draft for shipping along a 50 km 
reach of the Xiangjiang River, and generate hydropower. 
 
13. Description of the proposed actions. The proposed scheme has been designed to 
meet Class III standard for navigation channels, which requires sufficient draft to accommodate 
the year-round safe navigation of ships up to 1000t. The construction of the Tugutang multi-
purpose river barrage will raise the water levels in the reach upstream to an elevation of 58 
masl. The depth of draft normal operating conditions will vary from about 8-9m near the barrage 
and decrease upstream to a minimum standard of about 2m. Much of the main river is already 
embanked to provide flood protection against a standard of 1:20 years. However, the tributaries 
in the upper reach are not embanked and the rise in water levels will result in semi-permanent 
inundation. The main infrastructure components of the project are as follows: 
 

• Construction of the Tugutang river barrage to raise water levels and flood 
dangerous shoals along a 50 km reach.  
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• Construct a hydropower station as part of the barrage with a total installed 
capacity of 90MW and normal annual energy output of 358.2 MkWh.  

• Provide two new river ports at Yunji and Songbai for handling goods for 
export downstream and import upstream. 

• Undertake various works in the areas affected by inundation including 
resettlement of farmers, land raising to reduce the area of farmland flooded, 
removal and replacement of structures and assets, and emergency repairs 
along sections of the flood embankments. 
 

14. In addition, the project has an institutional component, which will strengthen Hunan’s 
institutional capacity for developing and administering its inland waterway networks. The Project 
will help set up a Special Committee to promote IWT in Hunan Province. The Project will assist 
establishment and institutional development of the Special Committee, propose comprehensive 
policy and implementation measures to put IWT in the priority agenda of provincial development 
policy and programs, formulate measures to increase financing for IWT investments. The 
Project will include procurement of more advanced equipment and international training.  The 
institutional component deals with many aspects of the management of navigation – including 
relevant aspects of environmental management (e.g., transportation of dangerous goods, 
emergency response, and waste discharge). The institutional strengthening is focused on the 
Hunan Provincial Government Maritime Bureau which is well placed to implement the necessary 
measures.  The institutional action plan includes the control of waste within vessels focusing on 
development of incentives. HPMOT also is developing incentive policies for vessel innovation 
together with barge standardization, which focus on  clean vessels (clean engine, lower 
emission, waste control and oil-water separator, etc.). 

 
15. The main features of the Project are summarise in Table 1.2 below 
 

Table 1.2: Engineering Properties of Tugutang Multi-Purpose Barrage  
No. Item Unit Upstream Dam Site Remarks

 Reservoir    
1 Normal water level masl 58.0  
2 Dead water level masl 57.0  
3 Reservoir capacity  108m3 1.97 At normal water level 
4 Reservoir area km2 31.9 At normal water level 
5 Backwater length of reservoir 

area 
km 50 Main stream of Xiangjiang River 

6 Permanent land occupation 
- Dam Site 
- In total 

ha  
68.5 
596 

 

 Buildings of the Complex    
 Discharge Structure    

7 Designed flood discharge m3/s 17,300 A 50 year return period 
8 Flood height masl 65.03 Without dam 
9 Check flood flow m3/s 22,100 A 500 year return period 

10 Flood height masl 67.74 Without dam 
11 Barrage crest elevation masl 70.5  
12 Width of sluice gate m 20  
13 Weir crest elevation masl 47.5  
14 Weir length m 29  
15 Length of stilling basin m 28  
16 Max. height of the dam m 30.2 Includes foundations 
17 Max. design working head m 10.1  
18 Gate size (width x height) m 20 x 11  

 Navigation Structure    
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No. Item Unit Upstream Dam Site Remarks
19 Annual design throughput 104t 710 Single line lock 
20 Upstream max. navigable 

water level 
masl 62.5  

21 Upstream min. navigable 
water level 

masl 55.2 Minimum operating level 

22 Downstream max. navigable 
water level 

masl 62.36  

23 Downstream min. navigable 
water level 

masl 47.9  

24 Max. navigable discharge m3/s 13,500  
25 Min navigable discharge m3/s 150 reliability 98% 
26 Effective dimensions of the 

ship lock 
m 180 x 23 x 3.5 Length x width x water depth at sills 

27 Fleet dimensions m Short term: 160 x 10.8 x 2 
Long term: 167 x 21.6 x 2 

Length x width x draft 

 Power Station    
28 Total installed capacity MW  90  
29 No. units Unit 4  
30 Unit capacity MW 22.5  
31 Annual utilization hours h 3,980  
32 Annual energy output 108kWh 3.582  
33 Max operating water head m 9.8  
34 Min operating water head m 3.0  
35 Rated head m 5.8  
36 Introduced flow for single unit m3/s 442.8  

 Fish Pass    
37 Type  Upright one-side vertical 

seam type 
To be confirmed 

38 Length m 773.7  
 
16. The detailed bill of quantities for the project is being prepared and the current estimated 
quantities for the Tugutang River Barrage and the river ports are listed in Tables 1.3 and 1.4 
below. 
  

Table 1.3: Estimated Quantities for the Tugutang River Barrage 
No.  Item Unit Total Quantity, m3

1 Earth-rock excavation  104m3 179 
2 Concrete 104m3 71.3 
3 Dredging 104m3 30 
4 Reinforcement 104t 1.79 
5 Curtain and consolidation grouting 104m 3.5 

Source: 2010, Feasibility Study Report. 
 

Table 1.4: Estimated quantities for the Yunji and Songbai Ports 
Project Unit Yunji Songbai
M 10 mortar laid stone m3 6,808 7,014 
Earthwork stone excavation m3 37,696 4,870 
Earthwork stone backfill m3 19,074 7,410 
Dredging m3 23,941  
heap m2 3,460 3,395 
Warehousing m2 1,134 1,134 
Parking lot m2 484 467 
Office buildings m2 540 540 
Roads inside the port m2 3,731 3,545 
Roads leading to the port Linear metre 175 468 

Source: 2010, Feasibility Study Report. 
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17. Need for the project. The main objectives of the Project are to raise the navigation 
standard to Class III and generate electricity to support the local grid especially during the dry 
season. The Tugutang barrage is the second to last in a series of nine and is required to 
complete the improvement in navigation along the river. Investment in upgrading inland 
waterways provides an alternative to road and rail development. 
 
18. Project location. The proposed Project is located in the middle reaches of the 
Xiangjiang River, between Hengyang City and the Jinweizhou barrage upstream (Figure 1.2), 
and the arrangement is shown in Figure 1.3. 
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Figure 1.2: Project Location di 
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19. Implementation schedule. The total construction schedule is 42 months, comprising 5 
months of preparatory works, 30 months for the main construction period, and 7 months for 
wrap up works, restoration and de-mobilisation. The construction of the barrage will be divided 
into two phases. Phase 1 will last for 11 months and involve the construction of the left bank 
power house and 7.5 of the sluice gates, while Phase 2 will last for 13 months and involve the 
construction of the right bank ship lock and the remaining 9.5 sluice gates. To construct the 
barrage in the dry, cofferdams will be installed around the works in each phase, restricting the 
flow of the river for the duration. During Phase 2, the river will flow through the constructed 
turbine units and sluice gates. During construction of the Tugutang barrage, navigation through 
the barrage construction site will be suspended. Vessels will dock at temporary jetties on the 
bank and the cargo removed and loaded onto separate vessels on the other side of the 
construction site. 
 

1.2.3 Description of the Environment 
 
20. Definition of the project area. The project area is located in the middle to lower 

Figure 1.3: Proposed Arrangement For The Tugutang River Barrage 
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reaches of the Xiangjiang River, a tributary of the Yangtze River which flows from south to north, 
joining the Yangtze on its right hand bank near the Chenglingji. The proposed Tugutang 
Complex is located approximately 38 km upstream from Hengyang Municipality and about 50 
km downstream from the Jinweizhou Complex. The Tugutang reach covers approximately 88 
km of the Xiangjiang River. 
 
21. The study area includes: a 50km section of the Xiangjiang River upstream of the new 
barrage; land along the river including unprotected sections around the tributaries which will be 
inundated; the locations for the new barrage and two new ports; and the towns and villages 
affected by resettlement as a result of the project, namely Changning City, Leiyang City and 
eleven villages in Hengnan County. 
 

a. Physical Resources 
 

22. Topography. Some 80% of Hunan Province is classed as mountainous and hilly and 
only 20% as low lying plains. The Xiangjiang River drains highlands to the east, south and west, 
which are generally over 1000 masl and exceed 1900 masl to the south, and flows northwards 
along a broad, low lying valley. 
 
23. In the study area, the Xiangjiang river lies in a broad valley with asymmetric terraces at 
an upper elevation of 60-80masl, and a lower terrace at 50-61masl. The river itself is mostly 
confined between flood banks. 
 
24. Geology. The project area is situated in the middle-southern part of the Hengyang 
Basin, which has been formed from the denudation of a structural tectonic basin. The geological 
formations main comprise Sinian metamorphic sandstone and slate; Ordovician-Carboniferous 
sandstone, limestone, and dolomitic limestone; Eocene marls, mudstones, and conglomerates; 
and unconsolidated Quaternary clays, silts and loams. 
 
25. Previous tectonic movement is manifested in large-scale NNE-NE folding and fracturing. 
In the proposed reservoir area the folding mainly comprises Baoheyu synclines near the top end 
of the reservoir, Shuangduqiao overturned synclines, Yanzhu Lake anticlines and Yanzhu 
inversion synclines in the middle part of the reservoir, and Badouqui synclines towards the tail of 
the reservoir. The area lies in a low risk earthquake zone. 
 
26. Mineral Resources. Some 55% of the total mineral resources of Hunan Province are in 
Hengyang, including nonferrous metals and precious metals such as iron, coal, gold, copper, 
sodium sulphate, and tin. The proposed reservoir area would not inundate any important 
mineral resources. 
 
27. Hydrogeology. Primary groundwater resources are found in the unconfined and 
partially confined Quaternary sediments and secondary porosity is found in the bedrock fissures 
of the Cretaceous red sandstones. The Quaternary aquifers are found in the broad, 
discontinuous layers of sands and gravels along both sides of the Xiangjiang River. Artesian 
conditions are found during the wet season as higher river flows contribute to groundwater 
recharge of the semi-confined deposits. The secondary aquifers are found in the sandstones, 
slates, mudstones, and siltstones of various ages. Local and regional flow is controlled by faults, 
joints and interlayer fractures in the rocks. Artesian conditions are found near the proposed dam 
site in association with the Xiangyangqiao to Danshuitang fault which lies obliquely across the 
river. The groundwater quality is good, although total coliform bacteria exceed the standard for 
Class III groundwater quality.  
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28. Soils and soil erosion. Nine soil types have been identified in Hengyang City 
comprising zonal and azonal soil types. The soils on both banks of the Xiangjiang River mainly 
belong to zonal red soils which are developed from parent materials such as shale, sandstone, 
purposed rocks and Quaternary red clays with acid or strongly acid characteristics. 
 
29. The soils in the middle reaches of the Xiangjiang River are widely contaminated with 
heavy metals, associated with pollution from the mining and metal processing industries. 
Concentrations of cadmium, lead and zinc are particularly high. The spatial concentration of 
heavy metals shows decreasing concentrations with distance from the main industrial sources 
of pollution.  At the proposed dam site, none of the heavy metals exceed the standard except for 
cadmium and the soil quality is considered to be good. 
 
30. The study area is located in a region characterised by light to moderate soil erosion. The 
highest soil erosion rates are associated with dryland farming on hill slopes, followed by 
grasslands. Erosion rates on paddy fields are low, reflecting the low slope and basin 
configuration of the fields in the valley bottom. In recent years local government is reported to 
have made good progress in expanding soil and water conservation measures. 
 
31. Climate and air quality. The climate is subtropical, humid monsoon. In spring and 
summer, the warm air masses from the ocean bring warm, moist weather resulting in high 
rainfall. The winters are influenced by the cold Siberian weather system. Consequently the 
summers are hot and humid while the winters are cold and relatively dry. In July temperatures 
average around 27 to 30°C while in January temperatures average 3 to 8°C. The mean annual 
precipitation in Hunan Province varies between 1200 to 1700 mm, with 40% to 45% falling 
between April and July. At Hengnan City, the mean annual temperature is 17.8°C, the mean 
annual rainfall is 1271mm, the mean annual relative humidity is about 80%, and the mean 
annual evapotranspiration is 1350mm. 
 
32. The dominant wind direction is from the north and north-north-west and northwest. Wind 
speeds are generally light, with an average wind speed of 2.2 m/s. The highest winds are from 
the south-south-west associated with the tropical storms. 
 
33. The air quality in the vicinity of the proposed barrage is good meeting the Class II 
standard. The area is rural in nature with no significant industrial sources of air pollution nearby. 
 
34. Hydrology and water resources. The Xiangjiang River is the fifth largest tributary of 
the Yangtze River and the largest river in Hunan Province. It drains an area of almost 95,000 
km2, of which 90% lies in Hunan Province. The total length of the Xiangjiang River is 856 km. 
The river forms a dendritic pattern, with many important tributaries on both banks. Ten 
reservoirs have been built in the catchment area and a further five barrages already exist on the 
river for navigation and hydropower, but the barrages provide little flood attenuation due to the 
lack of storage. 
 
35. The study area is located in the middle to lower reaches of the Xiangjiang River. The 
river lies in a wide U-shaped valley with low lying, alluvial plains backed by undulating hills. The 
river terraces are well developed. The river is about 500-1000m wide with an average gradient 
of about 0.05‰. There are many shallow shoals with cobbles separated by deeper sections of 
river. There are many large tributaries, the two largest in the Tugutang section being the Yishui 
and Chonglingshui. 
 
36. Prior to joining the Yangtze, the river flows through “Xiangjiang flood passage” in 
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Dongting Lake. This is a 113km section, which forms part of the lake during the flood season, 
but is a separate channel during the dry season. 
 
37. The Xiangjiang River is fed mostly by rainfall and runoff, with a short flood season, which 
is strongly correlated with the summer monsoon rains. At the Tugutang dam site, the mean 
annual flow is estimated to be 1030 m3/s and the mean annual runoff is estimated to be 32.5 
billion m3. The mean monthly flow peaks in May (2280 m3/s) and is at its lowest in December 
(380 m3/s). The flood season usually occurs between April and July each year and low flows 
occur from October to March. 
 
38. Surface water quality. The surface water quality varies from Class III upstream around 
Qishan, Class IV in the Songbai area, and Class III downstream around Xintangpu. The main 
pollutants are ammoniacal nitrogen and faecal coliforms, indicating the impact of domestic 
wastewater discharges. In the industrial area around Songbai, other significant pollutants are 
selenium, cadmium and lead. The data indicate a decrease in contamination levels in recent 
years, which may be indicative of the ongoing improvements in the treatment of industrial 
wastewaters. The dissolved oxygen levels are about 7.8-8 mg/l, which is good for fisheries, but 
there are no measurements for aluminium, which is known to be toxic for fish. The water 
temperature varies seasonally from 30.4°C in August to 8.6°C in January. 
 
39. Sediment Transport and Heavy Metal Pollution in River Bed Sediments. The 
concentration of suspended solids varies seasonally, with higher concentrations during flood 
conditions. The mean annual sediment concentration at the Tugutang dam site is reported to be 
820 mg/l and the mean annual suspended sediment load transportation capacity is estimated to 
be 2.65 million tons. With the construction of upstream barrages, the sediment load in the river 
is expected to decrease with time. 
 
40. Studies of heavy metals in the river bed sediments show them to be seriously 
contaminated. The most heavily polluted reach is at Songbai town, although the Tugutang cross 
section is also seriously polluted. The order of the potential ecological risk associated with 
heavy metals is: Cd > Hg > As > Pb > Cu >Zn > Cr6+, with the ecological risk for Cd and Hg 
being very serious and for As being moderate. 
 

b. Ecological Resources Resources 
 

41. Main Terrestrial Habitats. The main habitat types in the Xiangjiang River Basin are 
forest, shrubland, grassland, and agricultural land. The forest is mainly found in the middle and 
upper reaches of the Xiangjiang river basin. The valleys are extensively farmed mostly for rice 
and some vegetables. Plantations of pine, taxodium, and cypress, remnant shrubland and 
grassland are found on the hills. Wetland habitats are associated with ponds and rivers. 
 
42. Some 686 species of flora are believed to occur in the general study area, but the 
diversity is considered to be reduced compared to other parties of Hunan Province, due to the 
small variation in elevation, habitat niches, and long standing human occupation. Five nationally 
protected wild plants are found in the study area, namely Glycine soja, Fagopyrum dibotrys, 
Cinnamomum camphora, Camptotheca acuminate and Ormosia henryi. G. soja and F. dibotrys 
were often observed. C. Camphora is restricted to the hills. C. acuminate and O. henryi were 
seen by chance in a few places. 
 
43. Some 57 ancient trees were identified in and around the study area. The oldest trees 
were specimens of C. camphora which were estimated to be more than 350 years old and 
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included in the National Grade II key protection old trees. The remaining 55 specimens were 
classified as National Grade III being some 100 to 300 years old. 
 
44. Terrestrial Fauna. Based on literature reviews and field observation, some 131 species 
of amphibians, reptiles, birds and mammals are believed to occur in the study area. The most 
common group are the birds, with 80 species, followed by mammals (21 species), reptiles (20 
species) and amphibians (10 species). Some 81 of the 131 species originate from the Orient, 32 
are classed as widespread, and 18 (mostly birds) are Palaearctic in range. Eleven species, 9 of 
them birds, are Class II protected species. A list of species is presented in the Appendix. 
 
45. Protected areas. There are no sites designated for their nature conservation value in 
the study area. The Xiangjiang River flows to Dongting Lake which is identified as a Ramsar 
Site under the Ramsar Convention and an Important Bird Area. 
 
46. Aquatic Plankton and Benthos. Some 139 species of phytoplankton were found in the 
study area, with slightly more species founding the dry season than the wet season. The main 
types of phytoplankton were Cyanophyta (blue green algae), Bacillariophyta and Cryptophyta. 
Overall the quantity of phytoplankton was relatively low, reflecting the riverine conditions. Some 
161 species of zooplankton were found during the wet and dry seasons, dominated by rotifera, 
followed by protozoa, and cladocera. The mean density and biomass of zooplankton was higher 
in the main channel than the tributaries, and increased in the downstream direction. Some 40 
species of zoobenthos were found, with 18 species of arthropods, 6 species of mollusc and 6 
species of annelids. The diversity was higher in the main stream than the tributaries. 
 
47. Aquatic Vascular Plants. The Xiangjiang River is largely embanked between flood 
bunds, with a broad shallow channel, with strong variations in flow between the wet and the dry 
season, high suspended sediment and bed loads during floods, and low water transparency. 
The conditions are not conducive to supporting emergent and floating aquatic plants. A small 
number of plants grow in subcritical flow areas in the main channel and on sand bars and 
mudflats in the channel, but these are small in area. 
 
48. Fisheries. Based on previous surveys, published works, and fish surveys conducted for 
this project, there are some 152 fish species (including subspecies) in the Xiangjiang River. The 
main Orders are Cypriniformes (105 species), Silurformes (20 species) and Perciformes (12 
species). The most abundant families of fish are Cyprinidae (88 species), Bagridae (15 
species), and Cobitidae (12 species). The number of species found in the main river varied 
between 20 species downstream of Jinweizhou and 47 species between Zhuzhou and 
Haokehou. The highest number of species was found in the Liuyanghe tributary with 57 species 
recorded. 
 
49. Four Major Chinese Carp. The Xiangjaing River is one of three spawning grounds on the 
Yangtze system for the Four Major Chinese Carp. These migratory fish live in Dongting Lake, 
but migrate up the Xiangjiang during the main flood season between April and June to spawn 
and then return to Dongting Lake. The fish eggs float downstream back to Dongting Lake. The 
four major Chinese carp are: 

• Black carp Mylopharyngodon piceus, 
• Grass carp Ctenopharyngodon idellus, 
• Silver carp Hypophthalmichthys molitrix, and 
• Big-headed carp Aristichthys nobilis. 
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50. Fish migration habits. There are four types of migratory and non-migratory fish:  
• migratory salt-to-freshwater fish such as the Chinese sturgeon, which are seldom 

seen on the Xiangjiang River in recent years; 
• half migratory fish, including the Four Major Chinese Carp, and many other 

species, which are in a state of decline on the Xiangjiang River; 
• sedentary fish, which form the main body of fish in the Xiangjiang River; and 
• sedentary fish in mountain streams, which are declining. 

 
51. Spawning habits. Many species of fish, including the Four Major Chinese Carp, spawn in 
the open water and the eggs develop within the water column or on the surface. The spawn 
float downstream and help to maintain fish populations along the river and in Dongting Lake. 
Some species spawn among aquatic plants, laying the sticky eggs on the vegetation where they 
are left to develop. A small number of species lay their eggs in the river gravel beds such as the 
Chinese sturgeon. Finally, some specialist fish such as Acheilognathinae lay their eggs in 
freshwater mussels. 
 
52. Fish resources. Fish surveys of species and spawn collected from the river in 2010 
showed that generally small numbers of species accounted for the majority of the catch both by 
numbers and weight. Specimens of two of the Four Major Chinese Carp (black carp and grass 
carp ) were found in the river section from Jinweizhou to Dayuandu Dam and between Zhuzhou 
Dam and Haohekou, but the numbers of individuals was small and they were absent in 
locations. The catch was dominated by commercial species and other non-commercial species. 
The size and weights of the catches were also small. 
 
53. Spawning Sites. There are five spawning sites for fish that lay floating eggs, four are 
located in the main stream of the Xiangjiang, and one lies in the Chongling tributary. Of the fish 
spawn collected in 2010, only a little over 1% belonged to the Four Major Chinese Carp, and 
40% was spawn of economically important species, and 60% from non-economic species. 

 
54. Spawn from the Four Major Chinese Carp was not found at two of the spawning 
grounds. At Yushi, this was due to sand mining which had damaged the river bed and habitat.   
 
55. There are many spawning sites suitable for fish that lay sticky eggs, but these tend to be 
small, scattered, and unstable. The main sites are downstream of Jinweizhou Dam, downstream 
of Dayuandu Dam, and at the mouth of several tributaries.  
 
56. Feeding Grounds. Dongting Lake is an important feeding and overwintering ground for 
many fish species. The Lake is fed by the Yangtze and five tributaries including the Xiangjiang 
River. Since the construction of the Three Gorges Dam, the lake has become even more 
valuable as a resource in the middle Yangtze basin. Other overwintering grounds include the 
reservoir areas on the Xiangjiang River and tributaries.  
 
57. Historic Trends on Fish Resources. The fisheries of the Xiangjiang River have declined 
markedly in the last two to three decades. For example, the amount of fry from the Four Major 
Chinese Carp is estimated to have fallen from about 500 million in the last century to about 10 
million. The proportion of fry for the Four Major Chinese Carp has fallen from about 20% in the 
1960s and 1970s to <2%. Fish catches are getting smaller and the catch per unit effort is a fifth 
of that in the 1980s. The presence of rare fish is declining, and some such as the hilsaherring 
are becoming endangered. The presence of migratory fish in the Xiangjiang such as the 
Chinese sturgeon, Anguilla japonica, hilsaherring and mullet, has almost disappeared since the 
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1970s. The main reasons are the construction of river barrages without fish passes which have 
created barriers across the river to migratory and semi-migratory fish, overfishing by poor 
fishermen many of whom have limited alternative means of employment, sand mining which has 
destroyed river bed morphology and habitats, and water pollution.  
 

c. Economic Development 
 

58. Gross domestic product (GDP) of the whole administrative sections within which the 
project will be developed (Project area – PA) was CNY170 billion in 2009, accounting for 66.4% 
of the Province GDP. The annual per capita GDP in the project area was CNY12,184 in 2008, 
which was 30% lower than the province average. The main GDP sectors in the project area are 
24.7% primary industry, 37.7% for the industrial sector, and 37.6% for the tertiary economic 
sector.  
 
59. Agriculture. Agriculture is dominated by paddy rice, with small volumes of vegetables. 
The most common cash crops are tobacco, rape and vegetable production. Grain is of vital 
importance to the local economy, virtually every household cultivates it, but it is used mainly for 
domestic consumption rather than as a cash crop in its own right. Small livestock are kept (pigs, 
chickens) around household yards. 
 
60. Mining. There is extensive mining in the project area for a variety of nonferrous and 
precious metals. There are also extensive areas of slag and pollution from former mining 
activities which have contributed to the extensive pollution of soils and surface water resources. 
 
61. Industry. The industrial centre of Hunan Province is centred along the Xiangjiang River 
in the cities of Changsha, Zhuzhou and Xiangtan which together generated 62% of Province 
GDP by 2007. Some 70% of the province’s large and medium-sized enterprises are 
concentrated along the Xiangjiang River, forming an industrial corridor. Poor regulation of 
emission discharges to air and water have caused extensive pollution from heavy industry in the 
project area. The main industrial polluters in the reservoir area are concentrated around the 
rural towns of Songjiang and Songbai. 
 
62. Water supply systems. Drinking water for the main towns and cities along the 
Xiangjiang is taken from the Xiangjiang River. The water is treated and put into central supply 
networks. In rural areas villagers depend on wells. 
 
63. Wastewater collection and treatment. In urban areas, wastewater is collected and 
discharged to the Xiangjiang River. The Hunan Province EPB is implementing a programme to 
improve industrial and domestic wastewater treatment to improve water quality in the Xiangjiang 
River. In rural areas, households use pit latrines.  
 
64. Electric distribution systems. The project area is served with electricity transmission 
lines. The construction of hydropower on previous barrages provides additional power during 
low flows. 
 
65. Infrastructure facilities. Changsha City is connected to the Pearl River Delta via the 
Beijing-Guangzhou Railway, the Beijing-Zhuzhou Highway, and No. 107 National Road. 
Changsha is also linked with the Yangtze River Delta via the Xiangjiang and Yangtze Rivers and 
the Zhejiang-Jiangxi Railway. The Xiangjiang River downstream from the Hengyang section is 
suitable for class 1000-ton vessels but is Class V upstream of the barrage to Songbai.  
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66. The local road network is well connected to the regional highway network. The left bank 
of the proposed Tugutang barrage lies 4 km from Hengnan County and 30 km to Hengyang City. 
On the right bank, the barrage lies 2.5 km to National Highway 107. The Hengnan Bridge 
located 4.1 km downstream of the proposed dam site links roads on both sides of the river.  
 
67. Land use. The present land use of the area affected by the proposed project is 
summarised in Table 1.5. Most of the land is rural in nature, occupying between 75 and 85% of 
the area in each administrative district. Of this, woodland accounts for between 50 and 60% of 
the rural land use and arable land for about 30%. Garden plots account for about 2% and the 
areas of grassland are very small. Most of the land in urban areas is built over.  
 

Table 1.5: Present Land Use of the Area Affected by the Project 

Land Type 
Administrative District 

Hengyang 
City 

Hengnan 
County 

Leiyang 
City 

Changning 
City 

Agricultural 
Land 

     
Arable Land 370,978.8 59,772.1 61,135.7 46,888.4 
Garden Plot 29,375.7 2,768.3 1,852.4 4,015.4 
Woodland 676,519.6 92,810.8 137,562.0 98,121.4 
Grassland 26.6 0 0 0 
Others 165,884.8 41,677.3 23,329.2 17,580.4 

 Total 1,242,785.5 197,028.6 223,879.4 166,605.6 

Developed 
Land 

     
Urban & Rural Construction Land 104,217.4 18,400.5 14,939.3 12,221.6 
Land Used for Transportation & 
Conservancy 21,503.5 3,939.6 3,494.4 2,281.0 

Others 5,119.4 965.6 1,708.4 496.5 
 Total 130,840.3 23,305.7 20,142.2 14,999.0 

Land Resource Unexploited 156,652.2 41,907.3 20,885.8 23,547.3
Total Area 1,530,278.0 262,241.5 264,907.4 205,151.9

 
68. The total project area is 1,024.77 hm2, of which paddy field accounts for over half at 
566.39 hm2; wild grassland covers another quarter at 264.27 hm2; woodland covers 102.22 hm2; 
dryland farming covers 22.45 hm2; floodland covers 36.0 hm2; water covers 25.52 hm2; and 
others a further 7.92 hm2. 
 
69. Tourism. There is limited tourism in the project area. There are no nationally protected 
sites, although Hengshan Mountain, one of the four famous mountains in China, is located in 
the south of the Xiangjiang river basin. 
 
70. Health. The top five recorded diseases were tuberculosis, hepatitis, dysentery, A H1N1 
influenza, and syphilis, which together accounted for 93.72% of the total number of incidences 
of category B notifiable diseases. There are no epidemics in the area. Every administrative 
village has a medical clinic and usually one or more village doctors. 
 
71. HIV/AIDS. Hunan has become one of the provinces significantly affected by HIV/AIDS. 
All 14 prefectures/cities in Hunan have reported HIV cases, while Hengyang City, one of the 
project areas, ranks No.1 in number of reported HIV positives. In Hunan, in terms of 
transmission patterns, sexual transmission has increased greatly, along with needle sharing 
among intravenous drug users. Migrants, especially male construction workers, have been 
identified as a group vulnerable to HIV infection. Several lines of action have been taken to 
control the spread of AIDS. The Hunan Provincial AIDS Prevention and Control Committee has 
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developed and issued the Hunan Provincial Action Plan for AIDS Prevention and Control (2006-
2010), with a target of scaling up prevention interventions to over 90% high-risk groups and 
migrant population, and treatment to over 80% AIDS patients. Hunan Provincial Government 
has also developed its own policies and strategies with a focus on prevention, health education 
plus behavior change. Several local nongovernment organizations (NGO) are also involved in 
HIV prevention and control. 
 
72. Noise and vibration. The Project is located in a rural area where daytime and night 
noise levels comply with Class II ambient noise levels. Daytime noise levels vary from about 50 
dB (A) to 70 dB (A) near roads, while night time levels are lower from 35 to 50 dB (A). 
 

d. Social and Cultural Resources 
 

73. Social resources. The population of the project area was estimated to be 13.95 million 
and the population of the directly affected project area (DAPA) was estimated to be 3.19 million 
in 2008. The male population is slightly higher than the female population at about 52.8%.  
There are no ethnic minority groups in the DAPA. 
 
74. Socio-economic characteristics of the affected populations. Household surveys 
were undertaken among the potentially affected villages. The average household in the 
population surveyed was 4.65 persons, and few families had very small or very large 
households. About 64% of the population is of working age, with 21% under 17 years and 14% 
over 60. About 40% of the population relied on farming only for income, while the remainder had 
work in non-agricultural occupations. Men were more likely to have off farm work than women. 
Excluding the poverty households, surveyed households had at least one member working full 
or part-time in a non-agricultural occupation and over half households had a member working as 
a migrant labourer. Over 85% of the population have at least primary education, 56% have been 
to middle school and only 19% have been to high school. The illiteracy rate is low, and mostly 
affects the older population. 
 
75. The potentially affected villages have sufficient water resources for irrigation. All 
households had both irrigated and dryland to farm. The average cultivated land per capita 
among the households interviewed was 1.36mu, which is higher than the average obtained from 
village level data (0.84 mu). Some 19% households have less than 0.5 mu per capita, which is 
taken as the minimum holding for subsistence. Nearly one third of the households have more 
than 1.5 mu indicating a general land abundance and big difference of farmland holding 
between households in the project area. 
 
76. The majority of houses in the affected villages are made of brick/concrete or brick/wood 
and are of average quality. Infrastructure provision is good, with all houses having good access 
to road and electricity. Some 10% of households have tap water in the house or yard and the 
remainder have water form hand-pressure wells. About a third of households have a home 
telephone. Households own agricultural equipment such as sunning floors, threshers, and 
power engines. All households interviewed had a TV, and a quarter of households had two or 
more TVs. Two thirds of households owned a motorcycle and four fifths own a refrigerator. 
 
77. Income data provided by the villages leaders indicates that around half of the 
households have annual net incomes above CNY6,000 per capita and around 7% have annual 
net incomes of less than CNY1,200 per capita. Income data obtained from the individual 
household surveys reveals a similar pattern, but the results are significantly higher than the 
village average: The results reveal a generally prosperous rural economy with relatively few 
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poor households. Migrant labor represents the most important income source in the great 
majority of villages and accounts for 53% of income sources while income from grain and cash 
crops account for about one eight of total household gross income. This has significant 
implications for income rehabilitation of affected households, as the loss of 20% of their land 
may only result in a loss of gross income of 2%. 
 
78. Based on expenditure data from 181 households, each member in the sample families 
spent an average of CNY7,065 in 2009. There are large variations in expenditure per capita in 
different areas. The largest single item is for basic needs, e.g. food, clothing and housing, which 
represent around 65% of total consumption expenditure. The other two largest expenditures 
items are medical care (11%) and children’s education (10%). The per capita net income less 
the per capita expenditure (10,438 - 7,065 = 3,375) equals the per capita savings plus the value 
food self-consumed. However, these are average figures and the situation varies considerably 
from household to household. 
 
79. Poverty. Hunan is a relatively less advanced Province of central China. The per capita 
GDP in Hunan Province was CNY17,521 in 2008, 77% percent of the national average of 
CNY22,660. There are a total of 88 counties and county-level cities in the Province, of which 20 
are designated as national poverty counties, and another 24 are provincial poverty counties. In 
2009, the Province further identified a total of 7,000 poverty villages to target poverty 
households. Of these, only 773 are distributed in the project area and 50 in the DAPA, 
accounting for 11% and 0.7% of the provincial total poverty villages identified. 
 
80. Among the total population of 13.95 million in the project area, about 6.8% or 0.953 
million people are considered to be in poverty. Within the project directly affected counties/city in 
about 7.8% and 3.1% of the total rural population and urban population respectively are 
considered to be in poverty. The overall poverty incidence (including both rural and urban) in the 
directly affected project area is 6.1%. 
 
81. In the villages surveyed in the rural area, leaders attributed the poverty of individual 
households within villages to illness, disability, age, number of children going to school, and 
disasters. In the household survey, poor households gave lack of land, age, disability or 
sickness as the main causes of their poverty. Village leaders interviewed in the poverty villages 
attributed the relative poverty of their villages to a mixture of causes, including their remote 
location from county centre, no specialized cash crops production but grain, less land and high 
transport costs. Agriculture is the mainstay as there are no developed industries.  
 
82. The average household income is about 3.5 times that of poor households. Furthermore, 
the main income source for poor households was livestock followed by off farm income. 
Relatively more non-poor households derived their first source of income from waged salaries or 
off-farming business or livestock. The main difference in expenditure between poor and non-
poor households is on housing and health care. The proportion of expenditure on health care by 
the poor is almost 5 times that of the non-poor, while the proportion of expenditure on housing 
by the non-poor is almost five times of the poor’s. However, the food expenditure proportions of 
these two groups are similar. 
 
83. Physical Cultural Resources. The study area has been long settled. Despite that there 
are few sites or buildings of historical significance in the project area. A survey of physical 
cultural resources in the reservoir identified nine sites, but none contained sufficient remains to 
classify them and they remain ungraded.  
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1.2.4 Alternatives 
 
84. No-action alternative. Failure to develop the proposed Tugutang Complex will 
jeopardise the completion of the cascade of barrages on the Xiangjiang River and compromise 
the investment that has already been made in the upstream barrages. Freight arriving at 
Hengyang City, downstream of Tugutang barrage and destined for delivery to upstream 
locations, would have to be off loaded and put onto lorries to transport to the next port at 
Jinweizhou or complete their onward journey by lorry or rail. Similarly, freight originating 
upstream would have to be off loaded at Jinweizhou and put onto lorries and transported to the 
next available port downstream or complete their journey by road or rail.  
 
85. The no-action alternative would mean that the Xiangjiang River in this 50 km section will 
continue to be characterised by a relatively natural hydrological regime, with floods in the spring 
and low flows through the autumn and winter. The amount of suspended sediment in the river 
will continue to fall as the upstream barrages trap sediment. This will become an issue for the 
future of sand dredging as the river will no longer be able to adjust its morphology to sand 
removal resulting in over-deepening and destruction of the river bed habitats. The ongoing 
investment by the Hunan Province EPB in industrial wastewater treatment will over time lead to 
improvements in water quality.   
 
86. The no-action alternative would not ameliorate the ongoing decline on fisheries, as the 
downstream barrages have already created barriers to fish migrations and other activities such 
as over-fishing, sand mining, and poor water quality will continue to impact on the health of the 
fishery.  
 
87. The no-action alternative will not significantly change the living standards of people 
residing in the reservoir area. The rural population is relatively well off, although there are 
households and villages in poverty, and many households depend on off-farm employment for 
an appreciable component of their income.  
 
88. Overall, the “No Action Alternative” is not considered to be a reasonable option as it 
would compromise long standing investment plans in the improvement of navigation of the 
Xiangjiang River.  
 
89. Alternative Forms of Transportation. Investment in inland waterways competes with 
investment in highways and rail. The PRC and Hunan Province are investing in all three modes 
of transport. To date, investment in inland waterways has lagged behind and it is considered 
that the volume of freight that can be transported by water lies well behind its potential.  
 
90. Hunan Province has good strategic road and rail links north-south and to the east. The 
railway network is reported to be close to capacity. Some 86% of freight by volume in Hunan is 
already carried by highway, followed by 9% for inland waterway and 5% for rail. Furthermore in 
the last decade, the proportion of freight volume carried by inland waterway has grown at the 
expense of rail. 
  
91. The expansion of inland waterways results in potentially lower environmental impacts 
than expansion of rail and highways. The land-take required is much smaller compared to new 
highway and rail corridors, which in turn results in lower magnitude impacts on people and the 
environment. On completion the air emissions per km travelled are much lower for inland 
waterways and the barrage schemes provide the opportunity to generate renewable, low carbon 
energy. Finally, inland waterways are particularly suited to the transport large bulk, non-
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perishable products, where the economics are not sensitive slower transport times. 
 
92. Location alternatives. The site of the barrage has to be located within a relatively 
narrow reach, as the channel downstream of the dam needs to lie within the backwater effect of 
the Dayuandu Complex to have sufficient dry season draft. Three locations were considered for 
the site of the barrage and the environmental assessment of the alternatives is as follows: 
 
93. Upstream location. This option is preferred. The river channel is straight providing good 
maneuverability for ships using the lock. The site is rural so the social impacts are lower and 
there are no environmentally sensitive sites in the vicinity. The site is sufficiently upstream to 
avoid adversely impacting on Yunji town and the Hengnan Water Treatment Plant intake. Some 
dredging is required to provide sufficient draft to connect with the Dayuandu backwater. The 
location would result in the inundation of 284 ha, resulting in the lowest environmental and 
social impacts in the reservoir area. 
 
94. Middle location. This site is downstream of a meander on the river channel, which 
potentially raises the risk of ship collision. The site is located at Yunji town and close to the 
Hengnan County Industrial Park, so could cause some disturbance during construction but 
would be close to the source of manufactured goods. Dredging at this site could impact on the 
Hengnan Water Treatment Plant intake works and it would be necessary to relocate the town’s 
wastewater discharge outlet downstream of the barrage. This location would result in the 
inundation of 349 ha which would have higher social and environmental impacts upstream.  
 
95. Downstream location. This is located on a straight section of the river downstream of a 
meander, which would still cause a risk for shipping navigation. No dredging is required as the 
water depths are controlled by the Dayuandu Complex. The site is located downstream of Yunji 
town and the left bank lies close to Chejiang Town. Construction could cause a nuisance to 
residents in Cheijiang Town and the Yunji wastewater discharge outfall would need to be 
relocated downstream of the barrage to prevent buildup of poor water quality upstream of the 
barrage. The barrage would result in the inundation of the highest area of land (390 ha), 
resulting in greater social and environmental impacts in the reservoir area. 
 
96. Technical alternatives. Consideration was given to options for (a) the flood line, and (b) 
installed capacity for hydropower generation. Three flood lines were studied, at 57.5masl, 
58masl, and 58.5masl. The higher the flood line the greater the inundation and the associated 
environmental and social impacts, which is balanced against hydropower generation capacity. 
The flood line of 58masl was considered to give the best optimisation between land-take and 
hydropower generation. The optimum installed capacity is a balance between energy revenue 
and capital cost. Energy revenue relates to the annual power generation, which would range 
from 342.70 GWh (80 MW) to 371.4 GWh (100MW). However, an increase in the installed 
capacity from 80MW to 100MW would require an additional investment of 139 million yuan.  The 
installed capacity of 100MW is not acceptable from an economic point of view, and the 90 MW 
alternative is considered to offer the optimum economic balance. 

 
1.3 Significant Findings 

 
1.3.1 Anticipated Environmental Impacts 

 
a. Physical Environment 
 

97. Surface hydrology. Impacts: The scheme will change the hydrological characteristics of 
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the Xiangjiang River over about 50km by raising water levels year round and reducing flows 
velocities. There will be little change in the hydrology of the flood given the lack of storage and 
the barrage will result in a modest increase in upstream water levels which is accommodated by 
the design and will not affect the integrity of the existing flood defences around nearby towns. 
There will also be minor changes in river flow around the new structures. During construction 
the river will be constricted between coffer dams, with a risk of overtopping in the event of high 
flows. On completion of the barrage, the reservoir will fill quickly within a few days, depending 
on the season and downstream compensation flow.  
 
98. Mitigation: The Design for the barrage takes account of the impact of the structure on 
raising water levels upstream. A risk assessment on the overtopping of the coffer dams has also 
been undertaken and the coffer dams have been designed for flows up to a 1:5 year event. 
Initial filling will ideally be programmed for the flood season. During initial filling, a compensation 
flow of 50% will be discharged.  
 
99. Surface water quality. Impacts: During operation, the scheme could potentially improve 
water quality especially during the dry season due to the dilution effect of a larger body of water. 
Long term improvements in water quality should occur due to the ongoing investment in 
pollution control by the Hunan Province EPB. Localised eutrophication and algal blooms may 
occur, particularly on the tributaries, due to diffuse and point wastewater discharges from the 
catchment. Wastewater discharges from the Tugutang offices and ships would lead to localised 
reductions in water quality. During construction, there may be adverse impacts on water quality 
due to the re-suspension of river bed sediments contaminated with heavy metals during 
dredging and the construction of foundations, accidental spillages and the discharge of 
construction wastewater to the river. 
 
100. Mitigation: Longer term improvements in wastewater treatment and the control of diffuse 
pollutants from agricultural land are required to reduce the risk of eutrophication and poor water 
quality in the reservoir. The Hunan Province EPB is implementing such measures through their 
FYPs. The facilities at Tugutang will include a small bio-filter sewage treatment plant, with the 
treated wastewater used in irrigation and the solids disposed of to the Municipal dump. 
Wastewater discharges from ships is prohibited and all ships will have to be fitted with oil/water 
separators. During construction, the potential pollution from the river bed sediments will be 
controlled through construction within the coffer dams and the selection of dredging methods to 
minimise the elevation of sediments. The scheme includes the treatment of wastewaters from 
sand washing, concrete mixing, sewage, oily water from the workshops, groundwater seepage 
in the foundations and runoff. All wastewater will be treated prior to discharge to the river. The 
Contractors will each be required to implement an Environmental Management Plan (EMP) 
which will include procedures to prevent pollution.  
 
101. River bed sediments. Impacts. During the operation of the Tugutang barrage, there will 
be changes in the pattern of sedimentation and scour due to sedimentation in the upstream 
areas and scour through the barrage section. Based on experience from the previous barrages, 
it is likely that the pollution hot spot of river bed sediments in the area of the barrage may move 
downstream through the Tugutang barrage due to scour. Scour through the barrage section 
would also result in the winnowing of fines, a coarsening of the river bed sediments and a 
change in the benthos occupying that area. The scheme itself will not change the level of 
pollution of the heavy metals in the sediments. The rates of sedimentation and depths of scour 
are expected to be minor. During construction, aggregate will be obtained from the river for the 
concrete and several sections of the river need to be dredged.  
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102. Mitigation. The control of heavy metal pollutants in the river bed sediments is being 
addressed by the Hunan Province EPB. The Contractors will undertake measures to minimise 
the re-suspension of sediments in the Tugutang reach and dredging sections.  
 
103. Groundwater. Impacts. Following inundation of the reservoir area, groundwater levels 
are expected to rise, resulting in localised waterlogging over about 136 hm2. Waterlogging 
reduces the productivity of farmland and can lead to the death of shrubs and trees. While this 
may impact on individual specimens there are no protected habitats or ancient trees close to the 
reservoir. During construction it will be necessary to pump groundwater from the excavations. 
This would have a similar chemical composition to the river water and is not expected to be 
polluted apart from suspended sediments. 
  
104. Mitigation. It is proposed to raise some 221 ha of farmland which will be inundated by 
the scheme in order to reduce the impact of the scheme on land resources for the local 
population. The material for land raising will be sourced from nearby hilly areas which are not 
currently farmed. During construction, groundwater will be pumped to settlement ponds prior to 
discharge back to the river.   
 
105. Geology, Soils and Slope Stability. Impacts. Land clearance for the various 
construction activities will affect an estimated 485 hm2 which will be subject to soil erosion 
during rainfall unless the slopes are protected. The river is confined with flood banks along 
much of the main stream, but some 19 unstable sections over 47.2 km have been identified, 
and further sections could be eroded by the higher water levels. Seepage from the reservoir is 
not expected to be a problem given the geology. There is no risk of the inundation of economic 
mineral resources. During construction, aggregate and stone will be worked from existing 
quarries and new borrow pits, which could lead to adverse impacts on the landscape quality and 
the after use of these sites.  There is also a risk of soil erosion on exposed construction sites 
and stockpiles.   
 
106. Mitigation. Emergency works have been identified for 40.3 km of flood embankment. The 
need for further works will be assessed following inundation. The Contractors will be required to 
prepare Site Drainage and Soil Erosion Management Plans and Aggregate/Borrow Pit 
Management Plans. All new borrow pits and quarries must be restored to a suitable end use, 
requiring levelling of slopes and revegetation. An extensive programme of soil and water 
conservation (SWC) measures will be implemented to protect temporary construction sites, the 
buffer zones near the resources, the soil donor sites for land raising, and resettlement villages.    
 
107. Climate and air quality. Impacts: The scheme is not expected to have any significant 
impacts on climate. During construction, emissions from plant and vehicles and construction 
dust will result in temporary reductions in air quality around all construction sites. Working in 
confined spaces in the underground works is a potential health and safety hazard. During 
operation, emissions from shipping will reduce air quality locally but the impact is not considered 
to be significant. Furthermore, the emissions from shipping per kilometre of freight will be much 
less compared to other forms of transport.     
 
108. Mitigation: The Contractors will be required to implement Dust and Emissions Control 
Plans. These measures will include actions to maintain plant and equipment, minimise the 
generation of dust at construction sites, implement dust suppression activities including wetting 
construction/road surfaces and providing physical barriers to reduce dust entrainment, and the 
provision of personal protective equipment (ppe) for workers engaged in dusty activities. 
Routine air quality monitoring will also be undertaken in the construction areas and affected 
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villages. 
  
109. Noise. Impacts: Ambient noise is not a significant problem at the Tugutang barrage site 
as it is located in a rural area. However, during construction noisy activities such as blasting, 
excavations for foundations, sand washing/ stone crushing, and haulage traffic will raise 
ambient noise levels during the day and at night. During operation, Pengzi village is sufficiently 
distant from the barrage not to be significantly impacted by the noise of shipping.  
 
110. Mitigation: The Contractors will be required to implement Noise Control Plans to include 
general requirements (compliance with legal controls, control of noise at source, construction 
site controls, timing and programming of noisy activities, and implement a community 
awareness programme) and specific requirements for certain construction activities (dam 
excavation and filling, blasting, sandstone processing and concrete batching, and the control of 
traffic noise). An acoustic screen 5m high will be erected on the left hand bank along the access 
road to screen the village from the construction site. A noise monitoring programme will be 
conducted during construction, especially during noisy activities and following complaints by 
villagers. 
 

b. Biological Resources 
 

111. Terrestrial Habitats and Flora. Impacts: No protected habitats are located in the study 
area. None of the ancient trees will be impacted by the scheme, but some 29.3 ha of low value 
woodland would be inundated. There is a risk of over-clearance of land in the resettlement 
villages. There may be some losses of individual specimens of nationally protected species, but 
the impact is not expected to be significant given the widespread distribution and ease of 
reproduction. No adverse impacts on habitats and flora are likely to occur due to construction 
activities, most of which are located in farmland. There will be some loss of natural shrublands 
and grasslands from the soil donor sites for land raising. 
 
112. Mitigation. SWC will be implemented in the soil donor sites to facilitate the restoration of 
these sites. The Contractors will be required to undertake actions to minimise the impacts on 
habitats and flora such as minimising the area of vegetation clearance, re-vegetating 
construction sites on completion of works, and implementing an environmental education 
programme for workers including informing staff of the value of flora and forbidding activities 
such as setting fire to vegetation and collecting plant specimens. 
 
113. Terrestrial Fauna. Impacts: The scheme will result in the loss of relatively small areas of 
terrestrial habitat and the expansion of wetland habitat, which could impact adversely on 
terrestrial fauna but benefit aquatic fauna. The construction works will create disturbance to 
fauna, through noise, lights, and general activity, which will discourage animals from foraging 
and nesting in the area. Land raising activities could impact on fauna that hibernate in the 
ground. Overall these impacts are not considered to be significant.  
 
114. Mitigation: The Contractors will be required to undertake certain actions to minimise the 
impact on fauna such as minimal clearance of habitat, the control of construction noise, and 
programming land raising activities outside the hibernation season, and providing training to the 
workforce on the value of fauna and illegal activities such as unlicensed hunting.   
 
115. Aquatic Plankton and Benthos. Impact. The changing hydrology in the reservoir area 
will inevitably result in changes in the diversity and biomass of plankton and benthos. These 
changes can only be described in general terms at this stage, with the new conditions favouring 



24 

species that prefer slowing flowing, deeper waters in the reservoir area. During construction, 
increased turbidity around the dam site may result in temporary and highly localised loss of 
plankton and benthos, but the impact is not considered significant. 
  
116. Mitigation. No specific mitigation measures have been identified. 
  
117. Fishery Resources. Impacts. On operation, the scheme will result in major changes 
both beneficial and adverse: 
 
118. Barrier Effect. The construction of the barrage will create a new barrier to the movement 
of semi-migratory and migratory fish and the downstream dispersion of floating spawn, which 
will adversely affect the population and range of these fish up and downstream of the barrage.  
 
119. Habitat Changes. The changing hydrological conditions (deeper water and slower 
velocity) and water quality (reduced turbidity) will favour those species which prefer lacustrine 
conditions and adversely impact on those species which prefer riverine conditions. However, the 
impact may not be very large, as the top end of the reservoir will still preserve the river-like 
conditions, and during floods the discharge and velocities will be similar to existing. Overall, it is 
considered that the dominant species in the river will remain unchanged from present. 
Furthermore, the biomass of fish may increase due to the greater volume of the water body and 
enlargement of habitat and the population of non-migratory fish may increase. 
 
120. Rare and specific fish resources. The two nationally protected fish (Chinese sturgeon 
and mullet) and a number of fish protected at the province level have not been found in the 
Xiangjiang for many years. On that basis, the scheme should not worsen the current situation. 
Three species listed in the China Red Data Book are mullet, Leptobotia elongate, and 
Coreosiniperca roulei. As mentioned above, mullet has not been found in the Xiangjiang in 
recent years. L. elongate prefers torrential waters, so the scheme would reduce its habitat, but 
C. roulei breeds in slack backwaters so this species may benefit from the scheme. Four of the 
five fish species specific to the Yangtze River prefer fast flowing rivers, so the scheme would 
reduce their habitat to the upper reaches of affected tributaries.  
 
121. Fish of Dongting Lake. Dongting Lake is an important overwintering and feeding ground 
that supports migratory fish including the Four Major Chinese Carp. The migration routes are 
already impacted by the barrier effect of the downstream complexes which were constructed 
without fish passes. Some migratory fish may still swim over the barrages during the flood 
season and some fish spawn may still be able to reach Dongting Lake, but the cycle of 
migration and spawning has already been severely restricted, although it is anticipated that 
measures to restore fish movement through these downstream reaches will be investigated by 
the Hunan EPB. This severance may have significant impacts on the fishery of Dongting Lake 
and fish-eating birds in the longer term.   
 
122. Fish Habitats. The scheme may impact upon (a) spawning grounds in the reservoir area, 
(b) spawning grounds downstream of the dam, and (c) food supply and overwintering grounds.  
There are four main spawning grounds on the Xiangjiang River and one on the Chonglingshui 
tributary. The impact of the Tugutang Complex on the spawning grounds will be least for the 
upstream area and increase in the downstream direction with increasing depth of water and 
reduced flow to the dam site. The new reservoir will provide a new feeding / overwintering 
ground, but access to the Dongting Lake will be reduced as described above.   
 
123. During construction, the constriction of flows through the coffer dams, increased turbidity 
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during dredging, and the noise and vibration caused by blasting and excavations may all affect 
the fish. The impact would be greatest on the migratory fish, which may be deterred from 
continuing upstream over the four years of construction.  
 
124. Mitigation. The following major proposals for mitigation of the operating impacts of the 
scheme on fisheries will be undertaken.   
 
125. A fish pass will be incorporated into the left hand bank of the river adjoining the 
hydropower complex. Monitoring facilities will be included in the design and the success of the 
fish pass monitored. Research will be commissioned into the most appropriate design for the 
fish pass. The fish pass needs to be designed in such a way as to avoid fish, fry and floating 
spawn to be carried into the hydropower turbines.  
 
126. A new hatchery will be built on the left hand bank near the Tugutang Complex and a long 
term programme of artificial releases will be developed, including fry of the Four Major Chinese 
Carp and other economically important fish. 
 
127. Important fish habitats will be identified and protected.  
 
128. It is proposed to integrate the operation of the five downstream cascades to improve the 
management of the water resources, including the hydrological conditions required for fish 
migration.  
  
129. The Fisheries Regulatory Authority needs to be strengthened.  
 
130. Funding has been allocated for research programmes on fisheries.  
  
131. The Hunan Provincial Government has given assurance that fish passes and fish 
enhancement measures will implemented at each of the four downstream navigation 
hydropower complexes.  
 
132. During construction, in the flood season, when migratory fish are swimming upstream, 
blasting and excavation works will not be carried out. In addition, before blasting activities in the 
vicinity of the river, an aquatic noise alarm will be sounded to repel fish before the blasting is 
undertaken, to prevent fish mortalities resulting from blasting percussion in the water column. 
The Contractors will also be required to ensure that the workforce do not fish in the river.   
 

c. Impacts on Biodiversity 
 
133. Terrestrial Habitats. There is very little natural terrestrial habitat surrounding the 
Xiangjiang River owing  long history of human use of the area, the full utilization of existing land, 
and limited efforts for environment conservation.  The project will permanently alienate 845ha of 
land which may be considered as modified habitat in biodiversity terms. Much of this land is rice 
paddy. Of the 556 ha rice paddy alienated, 284 ha is in the inundation zone and will be 
compensated for under the land acquisition and resettlement plan; 221 ha will be restored to 
crop land; with the balance of lands to be compensated for as part of the land take for dam site 
and roads. The shrubland-grasslands and evergreen deciduous broad-leaved forest are mostly 
modified habitats. Approximately 181 ha of shrubland-grassland and 37 ha of woodland will be 
lost, mostly in the inundation area and for resettlement (see Table 4.2). These lands will be 
compensated for under the land acquisition and resettlement plan. A further 177 ha is required 
for temporary construction sites including temporary roads, borrow areas, stockpiles and 
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disposal sites. Approximately 83 ha of grassland and 65 ha of woodland will be temporarily 
disbursed. These lands will be restored and revegetated. There is no critical terrestrial habitat at 
risk due to the Project. 
 
134. Critical Spawning Habitat. Of major concern is the loss of critical spawning habitat for 
the four major Chinese carp.  There are four main spawning grounds on the Xiangjiang River 
and one on the Chonglingshui tributary that will be inundated.  Impacts on spawning habitats will 
be greatest where the increases in water levels are greatest. Spawning areas at the upper end 
of the reservoir will be least impacted with impacts increasing downstream. The loss of these 
habitats will be mitigated by fish enhancement measures including hatcheries, artificial 
spawning channels, and fish fry rearing and release facilities. 
 
135. East Dongting Lake. Xiangjiang River is one of four major tributaries flowing into 
Dongting Lake.  East Dongting Lake is national nature reserve and a Ramsar site.  East 
Dongting Lake is approximately than 300km downstream of the Tugutang site. Because of long 
distance from Tugutang to East Dongting Lake and the three intervening downstream barrages 
at Dayaundu, Zhuzhou, and Changsha, the project is not expected to have measurable impacts 
on the water quantity or water quality of Dongting Lake.  The four major Chinese carp and other 
migratory fish live in Dongting Lake, but migrate up the Xiangjiang during the flood season 
between April and June to spawn and then return to Dongting Lake.  The barrage will create an 
additional barrier to the movement of migratory and semi-migratory fish and to the downstream 
dispersion of floating spawn, which may adversely affect the population and range of these fish 
upstream and downstream. However, the indirect impacts of Tugutang on the fish ecology of 
East Dongting Lake, if any, are highly uncertain.  
 

d. Socio-economic impacts 
 

136. Resettlement. Impacts. About 139 households (an estimated 512 persons) will have to 
be resettled, mostly in their own villages. In seven village groups, more than 10 households will 
be displaced, but the worst affected village is Pengzi near the Tugutang barrage, where 105 or 
75% of households will be relocated. The number of people who will lose some of the land over 
which they have user rights is estimated to be about 2,216 persons. As the preferred approach 
is for land to be re-allocated within the village, resettlement and land-take can be considered to 
affected everyone in the village and not just those who are relocated. Consequently, some 
16,872 persons will be affected by land-take and redistribution.  
 
137. The impact of land and property acquisition will be widely spread over 94 villages in 14 
townships. Of these, 82 villages will be affected by house and land losses, 56 villages will lose 
farmland (as opposed to other types of land use) and 12 villages will be affected by house 
losses only. Of the 59 villages which will lose farmland, 10 villages will lose more than 10% of 
their farmland.  
 
138. The estimated number of affected persons (APs) is equivalent to around one fourth of 
the total population of the villages in the project area. While the overall level of impact will not be 
significant at the village level, it will be significant for some sub-villages. For example, after land 
acquisition, there are 10 sub-villages whose farmland per capita will be less than 0.5mu and in 
three of those sub-villages the farmland per capita will be less than 0.5mu before land 
acquisition. 34 sub-villages will suffer more than 15% of farmland loss, of which 14 sub-villages 
will suffer more than 30% farmland loss. The income losses due to the land acquisition would be 
about 8% in the affected households, reflecting the high proportion of income earned from off 
farm employment.  
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139. The relocation of villagers in villages and towns will have some impacts on land 
resources and the natural environment, for example through vegetation clearance, thinning of 
woodland for timber, hunting of fauna, and increased risk of soil erosion. It will be necessary to 
bring low-medium quality land into agricultural production to offset the loss of farmland.  
 
140. Mitigation. Entitlements for APs will cover:  

• Compensation for permanent land loss comprising a compensation fee for 
loss of land, a resettlement subsidy and compensation for the loss of 
standing crop. 

• Compensation for temporary land loss, including loss of standing crop and 
restoration fee. 

• Compensation for loss / relocation of houses and structures, and relocation 
allowance. 

• Crop losses.  
• Compensation for loss of business / employment. 
• Compensation for public facilities.   

 
141. Special attention will be paid to vulnerable groups, defined as those already 
experiencing hardship (e.g. through sickness, lack of labour, aged, female headed households, 
etc) or those whose loss of land/property could lead to such hardship and risk of 
impoverishment. In order to ensure that resettlement is no more difficult or inconvenient for 
vulnerable groups as it is for the rest of the AP community, an assistance group comprising 
township and village leaders has been designated in each settlement to assist the vulnerable 
groups. A separate fund (included in training) will be established within the resettlement budget 
to help vulnerable people to restore their livelihoods. A Social Development Action Plan will be 
implemented to enhance the positive impacts and mitigate the negative impacts on vulnerable 
groups. 
 
142. Other assets. Impacts. The project will result in the loss of the following assets:   

• Hydropower Plants: three small hydroelectric plants will be affected and 483 staff 
will have to be re-employed.   

• Local roads and bridges: The project will result in the inundated of 2.055 km of 
simple roads and 13 bridges, 6.06 km of tractor roads and 14 bridges, 5.668 km 
of pedestrian roads and 164 bridges.  

• Landing stages. The project will result in the loss of 9 vehicle ferries, 177 
pedestrian ferries, 55 docks for the general public, 60 sand docks, 16 cargo 
docks, and 28 sand quarries with 9 conveyors. 

• Water supply, land drainage and irrigation.  The project will result in the loss of 17 
culverts, 43.57 km of irrigation channel, 72 groundwater drinking wells, and 60m 
of siphon pipeline. 

• Facilities: The project will result in the loss of sunning grounds covering 228.7m2 
and concrete pre-casting yards covering 2742.5 m2. 

• Transmission Lines. Affected power lines, telecommunication lines and cables 
include: 220v line 0.95km long, 380v line of 21.8km, 10kv line of 7.21km, power 
cable of 8.58km, and optical cable of 14.13km.  

• Others: 61 electric pumping stations, 34 water gates, 94 culverts, 28 culvert 
pipes, 30 water retaining dams, 411 temporary ports, 1 drain outlet, and 2 
waterworks wells. 
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143. Mitigation. Apart from the power and telecommunication transmission lines, which will be 
re-aligned by the appropriate authorities, the restoration of infrastructure will be included in the 
civil works. A condition of these contracts is that the infrastructure will be maintained at all times 
during the construction period and will be completed before the end of the construction works.  
 
144. Health and Safety. Impacts. Human health risks associated with the Project during 
construction or operation phases are:  

• Construction Accidents. A wide range of accidents may occur on site, for example 
traffic-related accidents, falling from height, collapse of trenches, drowning, 
inappropriate handling of equipment and electrical goods, etc.  

• Facilitation of the transmission of diseases. The creation of a construction camp 
for a workforce drawn from outside the area increases the risk of the 
transmissions of contagious diseases among the crews and in local communities, 
including socially transmitted diseases such as HIV/AIDS.  

• Contamination of local water supplies. Potential impacts to local water supplies 
include the possibility of contamination by the water supply and wastewater 
disposal systems associated with the labour camps during the construction 
period.  

• Air quality decline. Working in dusty conditions can cause respiratory problems 
for the workforce who should wear ppe when engaged in particularly dusty 
activities. While dusty condition may cause a nuisance to local communities, it is 
not likely to cause health problems.  

• Noise Pollution. Workers exposed to prolonged periods of loud noises can suffer 
from tinnitus and hearing loss and should wear ppe when engaged in noisy 
activities for prolonged periods. No significant impacts on nearby sensitive 
receptors with health consequences are anticipated.  

• Initial Reservoir Filling. The flooding of contaminated sites, such as cesspits and 
agricultural manures, and the creation of a suitable breeding ground for disease 
vectors such as mosquitoes may increase the risk of water-borne and vector-
borne diseases.  

• Waste from Ships. The uncontrolled disposal of wastewaters and solid wastes 
from ships and the new ports and landing stages could create foci of pollution 
and diseases, and unsightly litter.  

• Resettlement Persons. There are not expected to be any specific health risks for 
resettled persons. These people will be resettled within their own communities, in 
close proximity to the areas where they grew up. There should be no significant 
expansion of disease vectors or their habitats. 
  

145. Mitigation. The Contractors will each be required to implement an Environmental 
Management Plan, including a Health and Safety Plan to control construction-related adverse 
impacts. Prior to initial reservoir filling a programme of hygienic cleaning will be undertaken. The 
new housing for affected persons must be located in areas away from known disease vector 
breeding sites and be designed and constructed with adequate provision for drinking water 
supply, sanitation and solid waste disposal. Pest control programmes would be carried out in the 
newly built areas. 
 
146. The safety risks during the construction and operation period include:  
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• Flood during the Construction Period, resulting in scour, damage to or 
overtopping of the cofferdams, and flooding of the construction works. The 
cofferdams have been designed to withstand a flood with a return period of 1:3 
years. Larger floods would overtop the coffer dams and possibly demolish them, 
releasing sediments including heavy metals into the water column.  

• Oil or Chemical Spill from Ship Collision at the Lock. In the event of an oil or 
chemical spill resulting from collision between vessels at the lock, there is 
concern for pollution of the downstream water treatment plant intakes.  

• Accident Spill at the Dock. Spills and releases at the dock during loading, 
unloading, and oil barging may occur. However, on average releases for these 
incidents will be comparatively small.  

• Accidental Releases for Tailings Pond on the Riverbank. The Longfeng Lead Zinc 
Ore tailing pond is located in the left bank of the river about 20km upstream of 
the dam site. There is a risk the tailings pond containment banks will collapse 
and release lead and zinc into the reservoir. However, the Project will only slightly 
increase the likelihood of this event. Of more concern, is the increase in ground 
water levels due to the creation of the reservoir. This may cause leaching of the 
lead and zinc from the tailings pond into the reservoir.  

• Flood Risk and Dam Failure.  The floods in Xiangjiang River Basin, driven by 
rainstorms, usually occur from April to August. Flood levels in excess of the 
designed dam and reservoir capacity are a threat to the reservoir, the dam, the 
reservoir embankment, ship lock, and the power house. Based on the 
hydrological observation data and the investigation of the historical floods, the 
flood protection standard of the dam in reservoir of this project satisfies national 
regulations.   The probability of dam failure is very small. This dam and reservoir 
will be built in accordance with the Administration Regulations for Dam and 
Reservoir Safety No. 77 (1991).  

• Failure of Flood Embankments.  There are existing flood protection 
embankments located on either side of the river. The changing the river regime 
will tend to saturate the clay embankments either side of the main river and this 
is likely to lead to seepages and slope stability problems in some areas. The 
Project includes proposed improvements for many flood embankments sections 
and land filling to deal with the waterlogged areas that will arise from the 
impoundment.  

• Accidental Explosion of Construction Explosives. It is estimate that 170 tonnes of 
explosives will be needed for construction of the hydropower station. The 
storehouses will be located in unpopulated areas both banks approximately 
500m from the River to ensure safety, reliability and ease of transportation and 
management. There are no facilities adjacent to the proposed storehouse 
locations and they are located away from the main construction operation area.  
 

147. Risk Prevention Measures. Specific measures have been designed to reduce the 
environmental risks: 

• With respect to the risks to downstream drinking water supplies, the 
environmental management plan provides for new equipment to be installed at 
up to eight water treatment plants to prevent contamination of drinking water 
supplies.  The frequency of water quality monitoring is to be increased during the 
flood season, focusing on the monitoring of the heavy metals  

• To respond to accident spills emergency response plans for each of these 
facilities, with necessary spill containment and clean-up equipment provide and 
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training undertaken.  Accidental spills in the reservoir and navigation channel are 
the responsibility of the Hunan Maritime Administration Bureau.  

• Risks of dam failure will be reduced through maintenance of sluice gates, 
strengthening flood forecasting, and safety appraisal for the dam and reservoir.   

• Flood Embankments Improvements.  It is proposed to carry out repair works to 
40.3 km of the identified sections. Another 6.9 km of embankment will be 
monitored after inundation and emergency repairs undertaken as necessary.  

• Safe Handling of Explosives and Dangerous Goods. Proper siting, construction 
of storehouse for explosions Training is to be provided to staff in the safe 
handling of explosives, implementation of the safety precautions, operation and 
maintenance fire protection equipment, and evacuation in the event of explosion 
and fire. The control of dangerous good transportation is under the regulation of 
the Hunan Maritime Administration Bureau. The institutional component of the 
Project has proposed measures to strengthen the regulation of dangerous goods.  

• Emergency Plan. An emergency plan is to be prepared to respond to accidents 
include fire, explosion, and spills and other releases of harmful pollutants into the 
River. 

 
148. Construction camp impacts and management. Impacts. The potential impacts 
associated with construction camps include competition for local sources of water; wastewater 
collection, treatment and disposal facilities; energy systems; solid waste generation; poaching 
and illegal trade; storage and handling of hazardous materials; spilling of lubricants, etc.  
 
149. Mitigation. Before the construction activities will commence the Contractors will each 
prepare and submit a Construction Camp Environmental Management Plan  that will propose 
preventive/mitigation measures for environmental impacts of the construction camp, 
construction yard including fuel storage, filling station and vehicle washing sites. 
 
150. Physical Cultural Resources. Impacts. There are no designated sites in the directly 
affected project area. The site investigations have identified nine sites where archaeological 
finds were made, mostly of broken pottery. The material found was not sufficient to classify 
these sites. During construction it is possible that further archaeological finds are made. 
 
151. Mitigation. Further investigations will be undertaken on the nine sites identified. The 
Contractors will prepare a Cultural Heritage Management Plan to manage any sites that may be 
encountered during construction. If a historical, cultural, or archaeological relic is encountered, 
all construction activities will halt and the established action plan will be implemented. Work will 
recommence only after appropriate measures have been taken as requested by the appropriate 
authorities and confirmation is received that work may resume. 
 

e. Cumulative Impacts  
 
152. This barrage is the second to last in a cascade of nine barrages on the Xiangjiang River. 
It is clear from previous studies that the cascade has led to significant beneficial and adverse 
impacts. The main benefits of the cascade are: 

• To raise the navigation standards along the Xiangjiang River to Class III, 
increase freight and promote trade and economic development. Generate 
clean electricity to support the local grid.  

• To provide an environmentally friendly alternative to the movement of bulk 
freight by highway and rail, and reduce emissions per km of freight moved. 
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• Improve the security of water supply for drinking water and irrigation.   
• To provide additional sources of employment during construction and 

operation. 
• To provide scope for improved water resources management through 

integrated management of the cascade. 
• Improve water quality, particularly during the dry season, by reducing 

suspended sediment loads and maintaining the dilution capacity of the 
reservoirs.  

• Increase sedentary fish which prefer slower flowing waters.  
 

153. The construction of the cascade has already lead to significant environmental adverse 
impacts, notably: 

• A marked decline in semi-migratory and migratory fish in the Xiangjiang 
River, including the Four Major Chinese Carp and rare and endangered 
species such as the Chinese sturgeon and the mullet. 

• The cascade system may also be impacting on the ecology of the Dongting 
Lake due to the barrier effect of the dams on the migratory fish that 
overwinter in the lake and spawn in the upstream waters.  

• A reduction in sedimentation, which will result in the loss of the natural 
capacity of the river to recuperate its profile and habitat types following sand 
dredging. 

• The construction of the Tugutang barrage  may encourage sand mining in 
this reach, which is currently restricted due to the shallow depth.  

• The construction of the cascades has led to the shifting of pollution hot spots 
downstream associated with the transportation of heavy metals in the river 
bed sediments. However, overall there has been no change in the magnitude 
of the pollution of the river bed sediments.    
 

154. The EIA for the Tugutang barrage has identified measures that could be implemented 
retrospectively to significantly reduce the impacts on the river’s fishery that have already 
occurred. If these measures are undertaken, and the Hunan Province Environmental Protection 
Agency’s Five-Year Plan is implemented effectively, the cumulative impacts will be well 
controlled. 
 

f. Transmission Line Impacts 
 
155. The proposed double circuit 110kV transmission line will connect the hydropower station 
to the Yunji substation. The proposed corridor is 3.1km in length. The assessment of the 
environmental impacts (see Appendix 8), identified the main environmental issues associated 
with the transmission line relate to electromagnetic fields, noise, and impacts on ecology. 
Baseline studies indicate that there the levels of electromagnetic fields and radio interference at 
key monitoring locations are within standards set out in relevant technical regulations. Noise 
levels at key monitoring locations are within standards. The topography is gently sloping hills 
and flat land in paddy fields. The habitat in the transmission corridor is modified habitat from 
years of human use. Wild shrub weeds and a small amount of evergreen trees and broadleaf 
deciduous trees are present. There are no protected areas in or near the transmission line 
corridor. No physical cultural resources are present. 
 
156. During construction, there will be minor impacts from dust, emissions from equipment, 
noise, sewage, and domestic waste. These impacts will be addressed through proper 
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environmental management practices. There will loss of vegetation and potential for soil erosion 
associated with excavations for tower foundations. However, the amount of excavation is 
relative small and measures for controlling erosion will used at tower foundations. Vegetation 
disturbed at temporary access points and by equipment use during installation of the towers and 
the transmission line will be restored. During operation, the main concern is to ensure that levels 
of electromagnetic fields and radio interference to do not exceed recommended national 
standards. This will be done by designing the transmission line in accordance with standards set 
out in Technical Regulations on Environmental Impact Assessment of Electromagnetic 
Radiation Produced by 500 KV Ultrahigh Voltage Transmission and Transfer Power Engineering 
(HJ/T 24-1998). Similarly, the design will be in accordance with standards set out in the Limits of 
Radio Interference from AC High Voltage Overhead Power Transmission Lines (GB15707-
1995). These and other proposed environmental management measures are detailed in 
Appendix 8. 
 

1.3.2 Public Consultation and Disclosure 
 
157. A first round of public consultation and information disclosure took place between 10 and 
15 March 2010. The activities involved a public forum, a questionnaire survey, and visits to the 
relevant government departments in the project affected area. Information on the EIA was 
published on the Internet. A second round of public consultation was undertaken between 4 and 
18 August 2010, which included a public meeting, a second release of EIA information on the 
internet including a simplified version of the EIA report, and a public survey in the villages and 
farms in the reservoir area to engage people without easy access to the Internet and to make 
sure that they had information about the project, including environment and resettlement issues. 
Public notices were put up to inform the general public about the consultation process and how 
they may participate in it. 
 
158. A public hearing was held on 4 August 2010 in Hengnan County. The forum was chaired 
by the Deputy Secretary of Hengyang City. The relevant people from the IA XNCD and the 
design institutes (Hunan Provincial Communications Planning, Survey & Design Institute and 
Hunan Hydro & Power Design Institute) attended and presented information on the project. The 
forum was attended by local government representatives from Hengyang City, Hengnan County 
and Changning City, relevant government departments and members of the public. A total of 
over 80 people attended. The PPTA Consultants observed the meeting which was conducted in 
accordance with Chinese regulations. The project was largely supported by attendees, although 
concerns were raised on specific issues by members of the audience on topics such as 
resettlement, compensation entitlements and water quality and risks, and ecological damages. 
 
159. As part of the public forum in August 2010, a Project Survey Questionnaire was 
completed by 35 organisations and groups in local government. Nine questions were posed 
seeking opinions on social and environmental issues. Some 90% of the groups interviewed 
supported the project, and their comments were fed back to the XNCD and Design Institutes, 
and reported in the EIA. Some 300 questionnaires were handed out to members of the public 
with a response rate of 100%. Some 97% of the respondents knew of the project and 31% 
claimed to be familiar with it. There was a high degree of support for the project (90%). The 
main causes for concern were the potential aggravation of water quality and delays on 
compensation. There was no feedback from the public on information posted on the Internet or 
via telephone and email responses.  
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1.4 Recommendations 
 

1.4.1 Environmental Management Plan 
 
160. The main objective in formulating the Environmental Management Plan (EMP) is to 
recommend a set of environmental safeguard measures to address the adverse environmental 
and social impacts of the project. In addition to establishing mitigation measures and 
implementation responsibility the EMP will also include monitoring mechanisms to ensure 
compliance with EMP requirements and environmental regulations of the country. The detailed 
EMP is included in Appendix I. 
 
161. Institutional arrangements. Key players involved in environmental management of the 
project are as follows: 
 

• The Hunan Province Department of Transport (HPDOT) will be the Executing 
Agency (EA) for the Project. The HPDOT will have overall responsibility for 
ensuring that the project is implemented in accordance with the Loan Agreement 
with ADB, national legislation, the detailed design, and the Environmental Impact 
Assessment Report.  The EA will report to the ADB. 

• Xiangjiang Navigation and Construction Development Corporation Ltd 
(XNCD) is the Implementing Agency (IA) for the Project. The XNCD will have 
responsibility for implementing all aspects of the project including environmental 
management. The XNCD is an independent company, dependent on the 
HPDOT. XNCD will report to the HPDOT on the implementation of this project. 
XNCD will set up an autonomous entity to manage the construction of the 
Tugutang Barrage. This entity will include a construction division and a reservoir 
division. The construction division will include staff responsible for environmental 
management while the reservoir division will deal with all the resettlement issues.  

• For the purposes of the ADB Loan, it is normal to set up a Project 
Implementation Unit (PIU) within the IA. For the Tugutang Project, the PIU for 
environmental management may be considered to form part of the construction 
division. The PIU will have on-site offices at Tugutang Barrage site and in 
Hengyang City. The environmental PIU will be responsible for all environmental 
management issues, including the appointment of the environmental design 
institutes, the environmental supervising engineer, and the environmental 
monitoring company. It is envisaged that the PIU will ensure that the 
consolidated EMP provided by the PPTA Consultants is translated into Chinese 
and form part of the contract documents.  

• The Environmental Design Institute. XNCD will appoint an Environmental 
Design Institute to develop detailed designs for all environmental mitigation 
measures, prepare the environmental clauses in the contract documents, and 
specifications for environmental monitoring programmes. The Design Institute is 
likely to be the HydroChina Zhongnan Engineering Corporation, which was 
responsible for the preparation of the national EIA.  

• The Construction Supervision Company (CSC). XNCD will have responsibility 
for engineering and environmental supervision. The overall responsibility of the 
CSC will be to ensure that the Contractors comply with the environmental 
clauses in the contract documents and the Contractors own EMPs, in order to 
control construction-related adverse impacts. The CSC will be based at the 
Tugutang Barrage construction site.  
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• The Environmental Monitoring Companies. XNCD will appoint one or more 
environmental monitoring companies. The environmental monitoring may be 
supervised by the Environmental Design Institute, with specialist monitoring 
tasks being undertaken by a specialist fisheries institute, the Hunan Province 
Environmental Monitoring Centre, which undertook some of the baseline studies 
for water quality, soils, air and noise, and health monitoring institutes.  

• Environment Verifier. Through HPDOT, XNCD will submit the semi-annual 
environment report to ADB supported by the Environmental Monitoring Company. 
XNCD will hire a domestic environmental specialist to verify the monitoring 
information in the report. Also the environmental specialist will visit the site to 
ensure the EMP implementation. The verifier’s report including the review activity 
outline, review results, and its recommendations will be attached to the semi-
annual environment report.  

• The Contractors. The Main Contractors will be appointed via a specially 
convened committee, with nine members including XNCD. The bids will be 
evaluated on various criteria, including environmental management. With regards 
to environmental management, each Contractor will be required to prepare their 
own EMP in compliance with the environmental clauses in the contract 
documents, to control on site all the construction-related adverse environmental 
impacts, and provide benefits such as opportunities for employment among 
affected persons.  
 

162. Capacity building. The capacity of XNCD to undertake environmental and resettlement 
management and monitoring is good. The Company has already constructed and operated two 
similar Complexes, Zhuzhou and Dayuandu, and key staff have more than ten years of 
experience in environmental management. However, the Executing Agency will ensure provision 
of further support in the areas of fisheries and the control of dredging in polluted rivers, including 
a programme of international training on best practice in these areas. 
  
163. Environmental monitoring. The environmental monitoring framework for the Project is 
summarised in the Environmental Management Plan in Appendix I. Environmental monitoring 
programmes have been devised for the following: 
 

(i) Construction period 
• Wastewater quality from the excavations for the foundations; sand 

washing; concrete mixing; and domestic sewage treatment plant. 
• River water quality: upstream and downstream of the dam site.  
• Air quality: quarterly monitoring at three sites near villages.  
• Noise: monitoring at sensitive locations around the Tugutang Dam site. 
• Terrestrial Ecosystems: Vegetation cover and crops at and around 

construction sites. 
• Population health: Health checks on 10% of the construction workforce 

followed by quarterly reporting on infectious diseases. 
• Soil and water conservation. Monitoring in the wet season. 
 

(ii) Operation period 
• Wastewater arising from domestic sewage at the offices of the 

Tugutang Complex and ports. 
• River water quality: at four locations in the Tugutang reach.  
• Sediments: heavy metals in the river bed sediments Tugutang reach.  
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• Aquatic ecology: monitoring hydrologic and hydrodynamic 
characteristics of the flow; plankton, benthos and fisheries. 

• Terrestrial ecosystems: Three monitoring campaigns pre-construction, 
and two after construction, in the spring and the autumn at selected 
sites around the reservoir.  

• Population health. General survey of the health of the population in 
the reservoir and resettlement areas.  

• Soil and water conservation. Monitoring on success of vegetation 
recovery and replacement of failed planting areas.   
 

164. The following additional environmental monitoring programmes will be implemented (in 
consultation with XNCD) during the construction period:  
 

• Concentrations of heavy metals in the dredged spoil prior to disposal.   
• Fish migrations during the spawning season and the collection of floating fish 

eggs up stream of the Tugutang barrage site. 
• The noise monitoring programme will be expanded to include (a) noise 

monitoring during specific construction activities to characterise the noise 
levels, and (b) following any complaints that may be made by local 
communities.  
 

165. If there is a delay of more than two years between the baseline monitoring undertaken 
for the EIA and the start of construction, it is recommended that the XNCD appoints an 
Environmental Monitoring Company to repeat the baseline surveys.  
 
166. The locations for baseline and construction monitoring may be determined in 
consultation with the XNCD, the local government environmental inspectors and the Supervising 
Environmental Engineer. Contingency provisions will be included for additional air and water 
quality, as well as noise monitoring at the request of the RE/XNCD if warranted by events. 
 
 

1.4.2 Grievance Redress Mechanism 
 
167. Grievance Redress Mechanism has been proposed for the Project to increase the 
efficiency of resolving problems which could arise due to construction activities. The GRM will 
be developed as follows: 
 

• When a problem due to Project activities occurs, the affected person (AP) will 
make a complaint to the Public Complaints Centre (PCC) to be established at the 
Tugutang site office. In case the AP is unable to direct the complaint to the PCC, 
the AP will lodge the complaint at the county, city or province office where the 
nominated officer will accept and immediately direct the complaint to the PCC. At 
the PCC a complaints register/database will be maintained by the PCC. 

• Upon receipt of the complaint the PCC will coordinate with the Resident Engineer 
(RE) and the Contractor to resolve the problem. The RE will have the required 
authority to instruct the Contractor on the action that should be taken for redress. 
The PCC will update the complaints database with the action taken and feed 
back to the complainant.  

• Any complaint that cannot be solved at the PCC/RE/Contractor level will be 
directed to the HNRO/HPDOT for action. Complaints thus directed and their 
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outcome also will be recorded in the database. The XNCD director will monitor 
the public complaints register and prepare monthly reports to be submitted to the 
Director of HNRO/HPDOT.  
 
1.4.3 Conclusions  

 
168. The Tugutang barrage is the fourth (moving upstream from Yangtze River) in a cascade 
of nine barrages on the Xiangjiang River. Four complexes, upstream of the Tugutang site, have 
already been constructed or are under construction, with a fifth planned. Previous studies have 
found that the cascade has led to both beneficial and adverse impacts. The most significant 
cumulative impacts to date are: (i) severe heavy metal contamination of soil, sediment, and 
water in the Xiangjiang River Basin due to mining and industrial pollution; and (ii) a marked 
decline in migratory fish, including the four Chinese carp, which a food fish, due the construction 
of the existing barrages. 
 
169. The Hunan Provincial Government is taking progress steps to deal with these issues. 
The Special Plan for Heavy Metal Pollution Control in the Xiangjiang River Basin (2010-2015) 
has been prepared by the Hunan Development and Reform Commission and Hunan 
Environmental Protection Bureau. The plan identifies the overall objectives and indexes for 
heavy metal pollution control in the Xiangjiang River basin, and identifies the main activities for 
heavy metal treatment. According to preliminary estimates, there are some 441 planned 
projects, requiring a total investment of RMB 53 billion  The Hunan Provincial Government has 
given assurance that fish passes and fish enhancement measures will implemented at each of 
the four downstream navigation hydropower complexes. Once implemented and proven to be 
effective, the fish passes and enhancement measures will restore the migratory fish 
populations. 
 
170. Project Level Impacts. The Project will have negative and positive, direct and indirect 
environmental impacts on the physical, ecological and socio-economic environment during the 
construction and operation phases of the multipurpose barrage. 
 
171. The Project is not located in or close to any environmentally protected areas, although 
the area does support species of flora and fauna that are protected. The Xiangjiang River flows 
into the Dongting Lake which is a Ramsar site and Important Bird Area. The main impact on 
terrestrial flora and fauna is related to relatively small changes in habitat type from terrestrial to 
aquatic.   
 
172. The Project will impact on relatively large numbers of affected persons in what is 
generally a fairly well off rural area, albeit with a small contingent of poverty villages. The 
mechanisms for resettlement and compensation entitlements are well set out, and there is 
considerable experience both within XNCD and among local government officials in the 
management of the resettlement process. The potential impacts on livelihoods are modified by 
the fact that many of the farmers depend on non-farm income for the greater proportion of their 
income. Furthermore, the project is likely to benefit local communities directly and indirectly. 
 
173. Environmental Management Plan. A detailed environmental management plan has 
been prepared for the project. Mitigation measures have been designed of environmental 
protection and soil and water conservation. Monitoring requirements have been specified for 
both the construction and operation periods. The estimated cost for environmental mitigation 
measures and monitoring is RMB 78.4 Million (approximately USD 12.1 million). An additional 
RMB 28.61 million (approximately USD 4.4 million) is needed for soil and water conservation 
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works. An additional RMB 14.4 million (approximately USD 2.2 million is budgeted for the fish 
pass. 

 
174. Assuming effective implementation of the mitigation measures and monitoring 
requirements as outlined in the Environmental Management Plan (Appendix1), the Project is not 
expected to have significant adverse environmental impacts. 
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2. INTRODUCTION 
 

2.1 Background 
 
175. Hunan Province of the PRC has been planning and investing in the upgrading of inland 
waterways since the mid-1980s. In 1986 Hunan Province Land Resources Committee approved 
the Planning of the Main Stream of Xiangjiang River, which was concerned primarily with 
navigational improvements and hydropower generation on the Xiangjiang River, and secondary 
benefits of flood control and irrigation, through the construction of a cascade of nine multi-
purpose river barrages. The cascade was to have a total installed power generation capacity of 
738 MW and control water levels year round on a 717 km long reach of the river with the long 
term objective to raise the navigation standards to Class II downstream and Class III upstream. 
In 1988, the MOT recommended to the State Development Planning Commission that the 
proposals should be taken forward as a pilot project for the improvement of inland waterways.  
 
176. Over the last two decades, the most of the proposals for the cascade have been 
implemented. A summary of the main features of the cascade is presented in Table 2.1 and the 
location of the river barrages is shown in Figure 2.1.  
 

Table 2.1: Summary of the Cascade of Barrages on the Xiangjiang River 
Name of 
Complex 

Distance 
from 

Yangzhi 
(km) 

Planned 
Normal 
Water 
Level 
(masl) 

Water 
Storage 

(100 MCM) 

Energy 
Generation 

Capacity 
(kW) 

Power 
Generation 
(100M kWh) 

Current 
Ship 

Design 
(t) 

Status

Changsha 146 31.5 6.75 5.7 2.31 2000 Planned 
Zhuzhou 282 40.5 4.7 14.0 6.41 1000 Operational 

Dayuandu 378 50 3.8 12.0 5.85 1000 Operational 
Tugutang 470 58 3.9 7.5 2.94 1000 Planned 

Jinweizhou 528 66 5.0 6.0 2.60 500 Operational 
Xiangqi 572 75.5 3.7 8.0 3.35 500 Under construction 
Wuxi 633 88 2.37 6.0 2.89 500 Under construction 

Xiaoxiang 686 97 2.57 5.7 2.52 100 Operational 
Taizhou 717 123 na na na na Planned 

na = not available. 
 
177. To date, seven of the barrages have been constructed, are under construction, or are in 
the planning stage. The Tugutang River Barrage is the second to last one to be implemented 
and would be the fourth barrage in the sequence from the downstream end. Two of the 
barrages downstream of Tugutang and two upstream have already been constructed and are in 
operation, while a further two barrages upstream are under construction. Implementation of the 
Tugutang River Barrage is required to complete the cascade and connect the downstream 
section (Changsha to Dayuandu) with the sections upstream of Jinweizhou.   
 
178. Investment in inland waterways is supported at the national and provincial level, with the 
incorporation of inland waterway improvements in the national and provincial 11th Five Year 
Plans (2006–2010). The Tugutang Navigation and Hydropower Complex is listed in the Water 
Transportation Plan of the 11th Five Year Plan (2006–2010) of Hunan Province and the MOT and 
identified in the Development Plan for the Main Navigation Channel on the Xiangjiang River 
(2007).  
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Figure 2.1: Location of the Cascade of Dams on the Xiangjiang River 

 
Source: Hunan Xiangjiang Navigation, Construction and Development Company Limited. 
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179. A well connected and efficient multi-modal transportation network is vital for sustained 
economic growth to connect areas of production and consumption, and improve the transport of 
goods in a secure, cost effective and timely manner. In Hunan Province, the hill country to the 
south and relatively narrow valley of the Xiangjiang River pose constraints to the development 
of road and rail. Without the development of river barrages, navigation on the Xiangjiang River 
is severely constrained due to low flows during the dry season and numerous shoals along the 
river. Raising the navigation standard to Class III provides an alternative mode of transport to 
the existing highway and rail networks.  
 
180. Implementation of the Tugutang River Barrage is required to complete the cascade on 
the Xiangjiang River. Without this barrage, the investment in the upstream barrages is severely 
compromised. The two main objectives of the Tugutang River Barrages are to raise water levels 
year round to achieve Class III navigation standard and to generate electricity, in particular 
supporting the grid during the prolonged dry season. The Project also offers the potential to 
improve the management of flood attenuation, especially when operated in combination with the 
other barrages, and increase the security of water for drinking water supply and irrigation.  
 
181. The outcome from this project will be to encourage the movement of goods between the 
hinterland of the Xiangjiang River with other parts of PRC and, via the Yangzhi River, to 
international markets. The scheme will provide an alternative transport mode to highways and 
rail, which is suitable for bulk, non-perishable goods, with the import goods required for 
consumption and the export of agricultural, industrial and manufacturing goods from the 
hinterland.  
 
182. Investment in inland waterways is seen as an environmentally-friendly alternative to 
investments in highways and railways. The transport of goods by inland waterway requires 
lower levels of energy consumption, results in much lower emissions of CO2, and requires 
minimal land take and associated impacts.   
 
183. The Hunan Province Department of Transport (HPDOT) is the Executing Agency (EA) 
responsible for the overall implementation of the cascade of multi-purpose complexes on the 
Xiangjiang River. The XNCD is the Implementing Agency (IA), responsible for the design, 
construction and operation of the river barrage. XNCD already owns and operates the 
Dayuandu and Zhuzhou Complexes downstream, which were partly funded by the World Bank. 
Four other companies manage the remaining barrages on the Xiangjiang River.  
 

2.2 The Proposed Project  
 

184. The propose Project is located on the middle reaches of the Xiangjiang River, which 
flows from south to north to join the Yangzhi1 River near Cheng Linji Yueyang city (see figure 
2.1). The Tugutang reach extends from the top end of the reservoir created by the Dayuandu 
barrage near Hengyang City to the Jinweizhou Complex. The proposed barrage is located about 
29 km upstream of Hengyang City, 4.1 km upstream of the Xiangjiang Bridge in Hengnan 
County, and 58 km downstream of Jinweizhou Complex. The study area lies in Hengyang City 
and Hengnan County in Hunan Province. 
 
185. The main components of the project are: 

                                           
1 The name “Yangzhi”, also spelled “Yangtze”  is commonly called “Chang Jiang” in the People’s Republic of China 

and often is denoted as such on Chinese maps.  
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• A new multi-purpose barrage across the Xiangjiang River, incorporating from 
east to west: a ship lock to accommodate up to four 1000 dwt (dead weight 
tonnes) vessels at a time, with provision to construct a new ship lock in the 
future to accommodate 2000 dwt vessels; 17 sluice gates to control 
upstream water levels; a hydropower station with a capacity of 90MW and 
associated facilities such as the switch yard, and transmission lines to 
connect with the existing grid; and a fish pass. 

• Two new river wharfs (or ports) located in the two main industrial centres in 
the project reach: Yunji port, located near Hengyang City some 9 km 
downstream of the proposed barrage, and Songbai port in Changning City 
about 16 km upstream of the proposed barrage. 

• Dredging to deepen the Xiangjiang River downstream of Jinweizhou barrage 
and the confluence between the Yishui tributary and the Xiangjiang River, c2 
km through the reach of the Tugutang Barrage, and in the upper reaches of 
the Dayuando Complex reservoir downstream of the new Tugutang Barrage.  

• Various works related to the inundation caused by the newly created 
reservoir, including resettlement, land raising and relocation of assets. 
 

186. The project will also require: new borrow sites and quarry sites for raw materials, short 
sections of access road to connect the barrage site with the road network.  
 

2.3 Previous Studies and Preparation of Consolidated Project Environmental 
Impact Assessment 

 
187. In January 2006, the HPDOT commissioned the Survey and Design Institute and the 
Hunan Hydro and Power Design Institute to undertake feasibility studies for the  Project, which 
were completed in draft in February 2007. In August 2009, the project sponsor, XNCD 
commissioned the Design Institutes to undertake further design studies resulting in the 
presentation of a Pre-Feasibility Study Report which recommended the preferred dam site 
location. The report was approved by the China International Consulting Corporation and 
Transport Planning and Research Institute of the MOT in December 2009 and January 2010. 
The Feasibility Study during 2001, with the draft report issued in August 2010.  
 
188. XNCD commissioned the HydroChina Zhongnan Engineering Corporation to undertake 
the environmental impact assessment for the project. In November 2009, a report2 setting out 
the proposed methodology for the environmental impact assessment was prepared, and 
subsequently reviewed and approved by the Hunan Environmental Protection Department 
Environmental Engineering Assessment Centre. The review recommended that specialist 
studies were undertaken to examine the impact of the proposals on the water environmental 
and fisheries.3 XNCD arranged for these reports to be reviewed by specialists and the 
comments were taken into consideration in the development of the environmental impact 
assessment studies. The Hengyang Environmental Monitoring Centre was commissioned to 
undertake baseline surveys of air quality and noise and the Central South University of Forestry 
and Technology was appointed to assess terrestrial ecology in the project area. XNCD 

                                           
2 HydroChina Zhongnan Engineering Corporation, November 2009. General Outline of EIA Report for Xiangjiang 

Tugutang Navigation and Hydropower Complex (Draft for Consultation).  
3 HydroChina Zhongnan Engineering Corporation, May 2010. Special Report of Water Environment Impacts 

Assessment for Xiangjiang Tugutang Navigation and Hydropower Complex. and Institute of Hydroecology, 2010. 
Special Report of Environmental Impacts Assessment on Aquatic Ecosystem for Xiangjiang Tugutang Navigation 
and Hydropower Complex. 
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commissioned a study on soil and water conservation4 and physical cultural resources. The 
main findings of these studies were incorporated into the draft Consolidated Project 
Environmental Impact Assessment (CP-EIA) of August 2010, with the exception of the physical 
cultural resources study which was completed after the draft EIA was issued.  
 
189. This EIA has been prepared for the proposed Project. The CP-EIA describes the 
baseline environmental conditions, including physical, ecological and socio-economic resources 
along the road, assesses the environmental impacts of the intended road development, and 
provides remedial/mitigation measures. The CP-EIA has been prepared in accordance with 
ADB’s Safeguard Policy Statement (2009), as well as environmental impact assessment 
legislation in force in the PRC. 

 
2.4 Structure of EIA Report 
 

190. This EIA has been prepared by the Consultant5 on behalf of the XNCD. It is based on the 
Environmental Impact Assessment6 for the Tugutang Navigation and Hydropower Complex on 
the Xiangjiang River. The EIA is structures as follows:  
 

• Executive Summary. 
• Introduction. Section 2 establishes the location of the Project, the Project 

Proponent, and an explanation of the purpose of the EIA.  It also presents the 
organization of the EIA, additional background information and an explanation of 
the extent of the EIA study. 

• Environmental Legal and Administrative Framework. Section 3 describes the 
national and provincial policy on the development of inland waterways, 
environmental protection and EIA legislation relevant to this project, the 
administrative arrangements for transportation, water, and environmental 
protection, and environmental management plans being implemented for the 
Xiangjiang River. 

• Description of the Project. Section 4 provides a detailed description of the 
project, including the nature of the project, the need for the project, location, a 
description of the main project components, associated project components and 
facilities, construction-related issues including implementation, operation 
activities, and the ADB environmental category of the project. 

• Description of the Environment. Section 5 provides a description of the 
environment that may potentially be affected by the Project. The description is 
based on reviews of available documentation and data, interpretation of remote 
sensing data, specially commissioned field surveys, meetings with experts, 
hydrological and water quality modelling, and desk top analysis and 
interpretation. The following aspects of the environment have been addressed in 
detail: 

 
(i) Physical Resources – climate and air quality, topography, geology and 

hydrogeology, surface water resources and water quality, heavy metals in 
river bed sediments, and soils;  

                                           
4 Hunan Hydro and Power Design Institute, (in draft). Report of Soil and Water Conservation Plan for Xiangjiang 

Tugutang Navigation and Hydropower Complex.  
5 Consultant  TA 7339-PRC, Hunan Xiangjiang Inland Waterway Project.  
6 HydroChina Zhongnan Engineering Corporation, August 2010. Environmental Impact Report. Tugutang Navigation 

and Hydropower Complex on the Xiangjiang River. 
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(ii) Ecological Resources – main habitat types; terrestrial flora and fauna; 
aquatic plankton, invertebrates, flora and fisheries; and sites designated 
for their nature conservation value;  

(iii) Socio-Economic Resources – structure of the economy, socio-economic 
indicators and poverty, present land use, transportation network, 
community health and safety, tourism and recreational resources, 
physical cultural resources, and noise. 
 

• Alternatives. Section 6 describes the no-project alternative, alternatives for the 
different modes of transport, location for the Tugutang Dam Site, maximum water 
levels, selection of the ship lock, and hydropower generation capacity. 

• Potential Impacts and Mitigation. Section 7 provides an assessment of the 
potential impacts of the proposed Tugutang River Barrage in light of the existing 
conditions and previous experience from the construction and operation of other 
barrages on the same river. The proposed actions to avoid, reduce, remedy and 
compensate the potential impacts are identified.   

• Public Consultation and Disclosure. Section 8 describes modes of informing 
and consulting with stakeholders, including representatives from government, 
commerce and industry, and affected persons.   

• Grievance Redress Mechanism. Section 9 describes the f recording and 
resolving public grievances. 

• Environmental Management Plan. Section 10 presents the environmental 
management plan which covers the propose mitigation, environmental monitoring 
proposals during construction and operation, administrative arrangements, and 
the costs of implementing the EMP. 

• Conclusion. Section 11 presents the conclusions as presented by the XNCD 
and their consultants. 
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3. POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK 
 

3.1 Policy 
 

3.1.1 Development of Inland Waterways 
 
191. The Government of the PRC considers inland water transport to be an important 
component of the national transport system as well as a strategic resource for the sustainable 
development of its economy and society. Inland water transportation is assuming increasing 
importance as the country strives towards the expansion of an energy-efficient and 
environmentally-friendly transport network. Recent studies under the auspices of the then 
Ministry of Communications (now the Ministry of Transport─MOT), culminated in a 
comprehensive national plan and strategy for the development of the inland waterway 
sector─The National Inland Waterways and Ports Plan to 2020 (NIWPP2020)─which was 
approved jointly by the National Development and Reform Commission (NDRC) and the MOT in 
2007. 
 
192. The NIWPP2020 focuses on the development of national scale high class waterways 
and main ports. A network of high class waterways amounting to some 19,000 km will be 
developed, consisting of 14,300 km of Class III waterways and above, and 4,800 km of Class IV 
waterways, making 15% of the network capable of accommodating vessels of 1,000 dwt and 
larger. The plan also includes the development of 28 major inland ports. The proposed network 
covers 20 provinces, connects 56 cities with a population of more than 500,000 each, and 
provides links between the sources of natural resources and the main centres for energy 
consumption and production. The NIWPP2020 includes development of the Xiangjiang River as 
one of the higher classed waterways slated for development together with two of the 28 ports, 
Changsha and Yueyang.  
 
193. Under the 11th Five Year Plan (FYP) (2006 to 2010), inland ports were to be upgraded to 
match the improved navigational standards and new port facilities were to be constructed. 
Specific major developments in Hunan include the third phase expansion of New Changsha 
Port, the new multi-purpose terminal at Tongtangwan in Zhuzhou, three berths at the Hexi 
Terminal in Xiangtan, two berths at Linxiangyalan and two berths at Huarongta in Yueyang, a 
four berth terminal at Deshan in Changdde and several other berths in Chenglingli and 
Jiangliazi. The two new 1,000 dwt berths at Yunji and Songbai associated with the Tugutang 
navigational complex are also included. The Tugutang Navigation and Hydropower Complex is 
also listed in the Water Transportation Plan of the 11th FYP for Hunan Province and MOT.  
 
194. The Development Plan of the Main Navigation Channel on the Xiangjiang River, 
approved by the Hunan Government in 2005, allows for the upgrading of the navigable channel 
to Class II between Hengyang to Chenglingji, to Grade III between Songbai and Hengyang, and 
to Grade III between Pingdao to Songbai. The upgrade will allow ships up to 2000 dwt to pass 
from Hengyang to the Yangzhi. These improvements are expected to have a large impact on 
Hengyang and the commercial and industrial conurbation of Changsha, Zhuzhou and Xiangtan.   
 
195. Developing inland waterways relative to other transport modes saves large tracts of land 
from other forms of transportation development and the associated environmental and social 
impacts, reduces energy consumption and carbon emissions, improves flood control, 
contributes towards poverty reduction by providing access to remote communities, and is 
generally environmentally friendly.  
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3.1.2 Environmental Impact Assessment and Protection 
 
196. The PRC’s environmental law system aims to achieve a balance between protecting the 
environment and the society and exploitation of natural resources. The PRC’s environmental 
law system is mainly composed of the following: 
 

• provisions on environmental protection in the Constitution,  
• comprehensive fundamental environmental laws,  
• separate laws on environmental protection,  
• legal procedures for the settlement of environmental disputes,  
• environmental standards for air, water, soils, etc,  
• regulatory documents on environmental protection in other branch laws,  
• local environmental laws and regulations, and, 
• international environmental treaties to which PRC has acceded.  

 
197. Provisions on Environmental Protection in the Constitution. The Constitution 
provides the basis for the legal protection of the environment and natural resources at the 
highest level. The 1982 Constitution includes a series of provisions for environmental protection, 
which confirm that environmental protection is a basic duty of the State, define the ownership of 
natural resources and important environmental elements, and protect the environment, natural 
resources, and places of historic interest, precious cultural relics and other important historical 
legacies.  
 
198. There are two types of special regulatory environmental legal tools: (a) comprehensive 
environmental protection laws and (b) environmental laws which protect individual 
environmental elements or make provisions for specific environmental management systems.  
 
199. Comprehensive Environmental Protection Laws: Environmental Protection Law of 
the People’s Republic of China. The Environmental Protection Law of the PRC was 
promulgated in December 1989 and provides the basis for PRC’s comprehensive laws on 
environmental protection. The Environmental Protection Law sets out the basic principles, 
systems and requirements for environmental protection. There is a requirement to include 
environmental protection in economic and social development plans and co-ordinate between 
economic development and environmental protection. Emphasis is to be placed on prevention. 
The law requires an environmental impact assessment system. There is to be an integrated 
approach to environmental protection, pollution charging, and treatment [of wastes] within 
prescribed deadlines and a permitting system. The Law contains basic requirements for 
protecting the natural environment and the legal obligations of persons exploiting and using 
environmental resources. There are basic requirements and corresponding obligations for 
preventing and controlling environmental pollution. The authority and roles of environmental 
management agencies in environmental supervision and management, and the obligations and 
legal liabilities of entities and individuals in environmental protection are also covered.  
 
200. Separate Environmental Law: Legislation on Some Environmental Elements. There 
is also separate legislation on the protection of environmental elements (air, water, sea, etc.), 
the control of pollutants (solid wastes, pesticides and noise, etc.), resources (forests, grasslands 
and lands, etc.) and specific environmental administration systems. This body of legislation can 
be divided into two categories: (a) laws with the purpose of preventing environmental pollution 
and controlling public hazards, the content of which is mainly embodied in the prevention of 
pollution of air and water, noise, waste disposal, use of pesticides and other toxic substances, 
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and the prevention and control of other public hazards such as vibration, odour, radiation, 
electro-magnetic radiation and thermal pollution, and (b) laws with the purpose of managing 
natural resources and protecting the ecology.  
  
201. Environmental Quality Standards. Environmental quality standards are technical 
specifications of a legal nature, which are used in formulating environmental objectives and in 
environmental planning. They are also the statutory basis for judging whether the environment 
is polluted and to formulate pollutant emission standards. Environmental standards can be 
divided into four categories, namely, environmental quality standards, pollution emission 
standards, basic standards and method standards. The environmental standards relevant to the 
Project are listed below. 
 

(i) Environmental Quality Standards 
• Environmental Quality Standards for Surface Water (GB3838-2002) 
• Quality Standard for Ground Water (GB/T14848-1993) 
• Environmental Quality Standard for Soil (GB15618-1995) 
• Standards for Ambient Air Quality (GB3095-1996) 
• Environmental Quality Standard for Noise (GB3096-2008) 
 

(ii) Pollution Emission Standards 
• Discharge Standard of Pollutants for Municipal Wastewater Treatment 

Plant (GB18918-2002) 
• Integrated Emission Standard of Air Pollutants (GB16297-96) 
• Limits of Noise Emissions on Construction Sites (GB12523-90) 
• Emission Standards for Industrial Enterprises Noise at Boundary 

(GB12348-2008) 
 

202. Appendix VI compares the Environmental Quality Standards applicable in PRC with 
standards set out by other international organisations and national governments. This 
comparison shows that: 
 

• Overall, the PRC grade II air quality standards which apply to the Project area 
are comparable to other international and national air quality standards, and they 
are suitable for application during this development. 

• Water quality standards applicable in PRC are very similar to those applicable in 
the UK (which are based on European Union directives), and the PRC standards 
are considered to be applicable to protect both aquatic life and human uses of 
waters.  

• PRC standards applicable to soil of “farmland, vegetable field, tea garden, 
orchard, rangeland, woodland and nature reserves” are very similar to standards 
applied in the UK to protect people and vegetation, except for the standard for 
chromium (VI) which is more stringent in the UK.  The PRC standards are 
considered appropriate for use during this development.  

• PRC standards to protect residential areas from noise disturbance are marginally 
above but similar to those recommended by the World Health Organization for 
outdoor and sleeping areas, and are appropriate for use during this development. 

 
203. International Treaties. PRC has become a signatory to numerous international treaties. 
The most relevant Conventions for the Tugutang Navigation and Hydropower Complex are 
listed in Table 3.1 below. All entities and individuals must observe these Conventions, the 
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validity of which prevails over domestic law, except where PRC has announced reservations on 
certain provisions of the Conventions. 
 

Table 3.1: International Environmental Conventions Signed By PRC 
Convention Status: Year 

Convention on Biological Diversity (CBD) Signed: June 1992 
Ratified: January 1993 
Entry into Force: November 1993 

UN Framework Convention on Climate Change (UNFCCC) Signed: 11 June 1992 
Ratified: January 1993 
Entry into Force: March 1994  

Kyoto Protocol Signed: May 1998 
Ratified (Approval): August 2002  
Entry into Force: February 2005 

Convention on the Protection of Wetlands of International Importance 
(Ramsar) 

Entry into Force: July 1992 

Vienna Convention for the Protection of the Ozone Layer Accession: September 1989 
Montreal Protocol (regulating substances that deplete the ozone layer) Accession: June 1991 
Convention on International Trade in Endangered Species of Fauna and 
Flora (CITES) 

Accession: January 1981 
Entry into Force: April 1981 

Convention on the Transboundary Movement of Hazardous Waste (Basel) Signed: March 1990 
Ratified: December 1991 

Rotterdam Convention on the Prior Informed Consent Procedure for 
Certain Hazardous Chemicals and Pesticides in International Trade 

Signed: 1999 
Ratified: 2005 

 
3.2 Environmental Law 

 
204. In the PRC there is an extensive body of environmental law which has been 
promulgated at the state, provincial and local levels, supplemented by Ministry guidelines, 
norms and environmental quality standards. Table 3.2 lists some of the key legal instruments 
relevant to the Project. 
 

Table 3.2: Key Environmental Legislation in PRC 
Name of the Law Year Adopted 

Law of the PRC on the Evaluation of Environmental Effects   2001  
Environmental Protection Law of the PRC 1989  
Water Law of the PRC  2002  
Law of the PRC on the Prevention and Control of Water Pollution  2008  
Law of the PRC on the Prevention and Control of Atmospheric Pollution  2009 
Law of the PRC on the Prevention and Control of Environmental Noise Pollution  1997 
Law of the PRC on the Prevention and Control of Environmental Pollution by Solid Waste  2005 
Law of the PRC on Water and Soil Conservation  1991 
Land Administration Law of the PRC 2004 
Law of the PRC on the Protection of Cultural Relics 2002 
Law of the PRC on the Protection of Wild Life 1998 
Fishery Law of the PRC 2004 
Flood Control Law of the PRC 1998 
Law of the PRC on the Prevention and Treatment of Infectious Diseases 2004 
PRC = People’s Republic of China. 
 
205. Water Law of the PRC. This law regulates human activities in connection with the 
prevention and control of water pollution and the exploitation, utilization, protection and 
management of water resources and the various water-related relations thus generated. The 
Law states that the water resources are owned by the whole people and/or by collectives. The 
management of water resources utilization is strengthened through economic means such as 
the collection of water rates and water resources fees. The law reinforces the role of 
government in flood control and specifies the measures that may be taken by the flood control 
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command agencies in an emergency situation. 
 
206. Prevention and Control of Water Pollution. This law seeks to prevent and control 
water pollution, protect and improve the environment, ensure the safety of drinking water, and 
promote the comprehensive, coordinated and sustainable development of the economic society. 
In the prevention and control of water pollution, the law adopts the principle of “putting 
prevention first while combining prevention and control and carrying out comprehensive 
treatment”. The law seeks to protect drinking water resources as a priority, strictly control 
industrial and domestic wastewater pollution, prevent and control widespread pollution from the 
over-use of fertilizers and pesticides in rural areas, actively promote the construction of 
ecological management projects, and prevent, control and reduce ambient water pollution and 
ecological damages. 
 
207. Prevention and Control of Atmospheric Pollution. Clear and detailed provisions have 
been made with respect to the supervision and management of air pollution prevention systems 
and measures. The law covers air pollution generated by combustion, the prevention and 
control of vehicle and vessel emissions, and the prevention and control of waste gas exhaust, 
dust and odour. The main control mechanisms are: total control on the discharge of air 
pollutants and licensing system; legally binding discharge standards; and a pollution charging 
system.  
 
208. Prevention and Control of Noise Pollution. This law aims to prevent and control noise 
pollution, protect and improve the living environment, ensure human health, and promote 
economic and social development. Provisions are made for the supervision and management of 
the prevention and control of ambient noise, industrial noise, construction noise, transportation 
noise, and neighbourhood noise. 
 
209. Prevention and Control of Environmental Pollution by Solid Waste. This law sets 
out the supervision and management systems for the prevention and control of solid waste, 
which are required in the environmental management of industrial, domestic and hazardous 
wastes, together with legal responsibilities. 
 
210. Water and Soil Conservation. This law seeks to prevent and control soil erosion, 
protect and reasonably use water and soil resources, mitigate flood, drought and sandstorms, 
improve the ecological environment and develop agricultural production. The law includes 
requirements for comprehensive planning and integrated control of water and soil conservation, 
and intensification of management according to local conditions.  
 
211. Land Administration Law. This law seeks to intensify land management and maintain 
the public ownership of land, protect and develop land resources and use lands reasonably, 
protect arable lands and promote the sustainable development of the social economy. This law 
sets out ownership and land use rights, formulates general land use planning, implements the 
protection of arable lands and management of construction land, and provides a system for 
supervision and inspection. 
 
212. Protection of Cultural Relics. The purpose of this law is to strengthen the protection of 
cultural relics, safeguard the excellent historical and cultural heritage of the Chinese nation, and 
regulate archaeological excavations, cultural relics in museums, cultural relics collected by the 
general public, and the import and export of cultural relics.  
 
213. Protection of Wildlife. This law seeks to protect and save rare and endangered wildlife; 



49 

protect and develop the reasonable use of wildlife resources; and maintain the ecological 
balance. 
 
214. Fishery Law. The purpose of this law is to strengthen the protection, proliferation, 
development and reasonable use of fishery resources; develop artificial breeding programmes; 
safeguard the legitimate rights and interests of fishermen; and promote the development of 
fishery production. The law standardises the relevant matters in aquaculture and the fishing 
industry and strengthens the proliferation and protection of fishery resources. 
 
215. Flood Control Law. This law seeks to prevent and control floods, mitigate flood 
damages, safeguard people’s lives and property and ensure the smooth development of society. 
This law includes: the basic principles and systems that should be observed in flood control; the 
incorporation of flood control facilities into national economy and social development plans; the 
basic responsibility of the government in the work of flood control; the division of duties among 
government agencies in flood control and the legal obligations of all entities and individuals to 
participate in flood control activities. 
 
216. Prevention and Treatment of Infectious Diseases. This law seeks to prevent, control 
and eliminate the occurrence and prevalence of infectious diseases and ensure human health 
and public sanitation. This law includes an infectious diseases prevention system, requirements 
for the reporting of epidemics, a notification and publication system, epidemic control 
procedures and methods, and medical treatment. 
 

3.3 Environmental Impact Assessment Requirements 
 
217. The Project will be subject to the environmental requirements of the ADB and PRC. 
These requirements are as follows. 
 
218. Environmental Impact Assessment Requirements of ADB. All projects considered for 
loans and investments by ADB are subject to classification for the purposes of determining 
environmental assessment requirements. The determination of the environment category is to 
be based on the most environmentally sensitive component of the project. Within this system, 
projects are screened for their expected environmental impacts and assigned to one of the 
following four categories: 
 

• Category A: Projects with potential for significant adverse environmental 
impacts. An environmental impact assessment (EIA) is required to 
address significant impacts. 

• Category B: Projects judged to have some adverse environmental 
impacts, but of a lesser degree and/or significance than those of 
category A projects. An initial environmental examination (IEE) is 
required to determine whether or not significant environmental impacts 
warranting an EIA are likely. If an EIA is not needed, the IEE is regarded 
as the final environmental assessment report. 

• Category C: Projects unlikely to have adverse environmental impacts. 
No EIA or IEE is required, although environmental implications are still 
reviewed. 

• Category FI: Projects are classified as category FI if they involve a credit 
line through a financial intermediary or an equity investment in a 
financial intermediary. The financial intermediary must apply an 
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environmental management system, unless all subprojects will result in 
insignificant impacts. 

 
219. This Project has been evaluated as a Category A Project, requiring a full EIA. Guidelines 
on the ADB’s requirements for EIA include the Safeguard Policy Statement (June 2009) . 
 
220. Environmental Impact Assessment requirements of the PRC. The requirements for 
EIA in the PRC are prescribed by the Law on Environmental Impact Assessment. The purpose 
of this law is to protect the environment, prevent ecological imbalances, regulate natural 
resource use, assess the environmental impacts of projects, and set out procedures for 
decision-making regarding the implementation of projects. The Law applies to all new projects, 
as well as the rehabilitation and expansion of existing industrial, service or construction 
activities, and projects that use natural resources. The EIA requirements are further elaborated 
in a series of Technical guidelines and standards which cover general principles, a range of 
topic areas (surface water, air, noise, etc) and issues related to construction in general and the 
development of hydropower and water conservancy projects. Figure 3.1 below presents a 
simplified diagram of the EIA procedure in the PRC. 
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Figure 3.1: Simplified Diagram of the EIA Procedure in PRC 
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3.4 Administrative Framework 
 

3.4.1 Transportation Sector  
 

221. National Level. The MOT is responsible for issuing national policy guidelines, 
regulations, design standards, and financial support for all modes of transport, including inland 
waterways. The MOT is responsible for planning nationally important channels, including Class 
III waterways and above, and Class IV waterways where these have important trans-provincial 
traffic functions. Once approved by the State Council, the comprehensive master plan becomes 
the long term development plan to which provincial governments responsible for engineering, 
design, construction, operation and maintenance adhere. 
 
222. Province Level. The HPDOT is primarily responsible for administrating all transportation 
networks in the province. The XNCD was established by the HPDOT in 1995 specifically to 
develop and manage navigational complexes on the Xiangjiang River. The XNCD is a 
commercial enterprise fully owned by HPDOT. XNCD currently operates two multi-purpose 
complexes on the Xiangjiang River, namely Dayuandu and Zhuzhou Complexes. The Hunan 
Maritime Administration Bureau (HMAB) is a division of the HDPOT with responsibility for the 
development, administration, use and regulation of the provincial inland waterways and ports. 
 
223. Local Level. The construction, maintenance, and day-to-day management of the 
waterway infrastructure including ports have been delegated to local transportation bureaux of 
the various municipalities, cities, towns, and counties within Hunan province. Despite the 
supervisory role of the HMAB, port development by local city governments tends to be ad hoc 
rather than co-ordinated across the province. There is limited private sector interest in niche 
areas of port development and operation, including the construction of jetties, landing stages for 
sand mining, and the development of terminals to handle heavy industrial products. The Yangzhi 
River is administered by a separate waterway administration under the direct supervision of the 
MOT. 
 

3.4.2 Water Resources Sector  
 

224. National Level. The Ministry of Water Resources (MoWR) has overall responsibility for 
the management and co-ordination of water resources. Plans for inland waterway infrastructure 
and ports by MOT have to be co-ordinated through the MoWR and have to comply with the 
Ministry’s integrated plans for the overall use of water resources.  
 
225. Provincial Level. The Water Resources Bureau of Hunan Province is responsible for 
various activities including: the formulation and implementation of guidelines, policies, 
development strategies, medium and long-term planning, and annual planning for water 
conservancy; the management of water resources (including atmospheric water, surface water 
and groundwater); the construction and management of water conservancy projects, including 
studies for large and medium-sized water conservancy infrastructure; the management and 
protection of water conservancy facilities, water resources and shorelines; and soil and water 
conservation research, planning and monitoring. 
 

3.4.3 Environmental Management and Protection Sector 
 

226. National Level. The Ministry of Environmental Protection has responsibility for: 
establishing a sound basis for environmental protection; overall coordination, supervision and 
management of important environmental issues; implementation of national objectives for 
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emissions reduction; advising on the scale and direction of investments in fixed assets and 
funding in the field of environmental protection, and approval of the fixed asset investment 
projects in the State plan within the scale of the annual plan based on the authority specified by 
the State Council; prevention and control of environmental pollution and damage from the 
source. The Ministry carries out environmental impact assessments for important economic and 
technological policies, development plans and major economic development plans. They 
approve environmental impact assessment reports for major development and construction 
regions and projects according to State regulations. The Ministry supervises and manages the 
prevention and control of environmental pollution. They guide, coordinate and supervise 
ecological protection and carries out environmental monitoring and information distribution.  
 
227. Provincial Level. The Hunan Environmental Protection Bureau is responsible for 
various activities, including: drawing up provincial environmental protection laws and 
regulations, environmental protection technology policies, and supervising their implementation; 
coordinating the response to major and serious environmental pollution accidents; implementing 
action plans to comply with the provincial emission reduction objectives; advise on investments 
in environmental protection and funding; managing pollution control at source; undertake 
environmental impact assessments for important economic and technological policies, 
development plans and major economic development plans and approve environmental impact 
assessment reports for major regional developments and individual projects; supervise and 
manage procedures to prevent and control environmental pollution for the whole province; 
ecological protection; and carry out environmental monitoring and information distribution.  
 
228. The Hunan Province Land Resources Committee is responsible for inter alia: drawing up 
local regulations and rules on land and mineral resources, managing surveying and mapping, 
and implementation; preparing general land use and other special plans; land registration 
regulations and implementation; land use rights and implement; land pricing; regulation of 
mining rights; and the monitoring, prevention and control of geological hazards. 
 
229. The Hunan Fisheries Protection Bureau is responsible for: the formulation of medium to 
long term strategies and implementation of projects to develop fisheries in the province; develop 
scientific programmes; and supervise the fisheries legislation including protection of the fishery 
resource, the inspection of fishing vessels and fishing ports, and protection of aquatic life.   
 

3.4.4 Resettlement 
 

230. National Level. The Ministry of Water Resources Reservoir Resettlement Bureau is 
responsible for the formulation and implementation of policies, laws and regulations relating to 
resettlement resulting from reservoir projects; managing the qualification process for the 
supervision and evaluation of resettlement projects; reviewing and approving resettlement plans 
for  large and medium-sized water conservancy projects approved by Central Government; and 
directing the implementation of support policies in the latter period of reservoir resettlement in 
those areas directly under the central government control.  
 
231. Provincial Level. The Hunan Province Resettlement Bureau is responsible for: 
preparing comprehensive resettlement plans and carrying out initial examinations of  
resettlement plans for new large water conservation and hydropower projects, and assisting the 
relevant departments in formulating medium and long-term plans for the development of key 
migration areas; coordinating the resettlement work between the relevant departments directly 
under the province, city and prefecture governments, and cooperate jointly with relevant 
departments directly under the provincial Party Committee on resettlement matters; distributing 
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and managing the subsidy for food for resettled people; and handling complaints made by 
resettled persons and coordinating with local government to maintain social stability in the 
reservoir and resettlement areas.  
 
232. Local Level. The Hengyang Resettlement Bureau implements the guidelines, policies 
and regulations of the Party and the government on resettlement; implements plans for 
resettlement, production and development; manages the resettlement funds; and works to 
maintain social stability in the affected areas.  
 

3.5 Environmental Management in Hunan Province 
 
233. Plan for the Xiangjiang River Pollution Control. In June 2006, the Environmental 
Protection Bureau of Hunan Province prepared the 11th FYP for Water Pollution Control in the 
Xiangjiang River Basin. The Plan was approved by Hunan People’s Government and was 
incorporated into the province’s 11th FYP which covers the period 2006 to 2010. The plan sets 
the following targets to be achieved by 2010: 
  

• Compliance with the water quality standards for centralized drinking water 
sources in the Xiangjiang River should exceed 96%;  

• Compliance with the standard for the water environmental function zones in 
main stream of the Xiangjiang River should be 85%;  

• Compliance with the standards for the water environment function zones in 
the river basin should be 95%; and 

• Wastewater discharges must control the volume of chemical oxygen demand 
(COD) and discharge of ammoniacal nitrogen, arsenic and cadmium.  
 

234. Some 169 key environmental protection works were planned, including: urban 
wastewater treatment works, non-hazardous urban solid waste treatment works, industrial 
wastewater treatment works, small watershed (regional) comprehensive treatment works, heavy 
metal pollution control works, and environmental management capacity development. The cost 
of implementing the plan was estimated at 17 billion Yuan, which accounts for 0.43% of GDP 
over the plan period, of which some 2.53 billion Yuan was required for investment in heavy 
metal pollution control works.  
 
235. Special Plan for Cadmium Pollution Control in the Xiangjiang River. In June 2006, 
the Environmental Protection Bureau of Hunan Province prepared a Special Plan for Cadmium 
Pollution Control in the Xiangjiang River during the 11th FYP (2006 to 2010). The Special Plan 
was approved by the Hunan People’s Government. The 2010 targets from the Special Plan are:  
 

• compliance with the cadmium standard for centralized or drinking water 
sources in Xiangjiang River basin of 100%; 

• compliance of the cadmium standard for water environmental function zones 
in the main stream and river basin of the Xiangjiang River greater than 95%; 

• compliance of the cadmium standard of the river water quality in reaches 
along every city of 100%; and 

• the total cadmium discharge within the river basin to be reduced by 25% 
from the 2005 level.  
 

236. The main projects for the control of cadmium in the Xiangjiang River are: the renovation 
of 88 enterprises involving cadmium in Changsha, Zhuzhou, Xiangtan, Hengyang and 
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Chengzhou. The renovation programme covers closing some enterprises and improving 
wastewater treatment within prescribed deadlines for others. The Special Plan considers 20 
industrial pollution source control and regional regulation projects, with a total investment of 
about 1,356.06 million Yuan.  
 
237. Comprehensive Ecological Environment Treatment Plan for the Xiangjiang River. 
In December 2009, the Hunan Provincial Government prepared the Comprehensive Ecological 
Environment Treatment Plan for the Xiangjiang River in Hunan Province. With regards to the 
water environment, the short-term goals (Year 2015) of this Plan are as follows:  
 

• the water quality in the Grade I protection areas for drinking water abstraction 
points in the Xiangjiang River must comply with the Environmental Quality 
Standards for Surface Water (GB3838-2002) for Class II water quality with a 
compliance level of 98%;  

• compliance with water quality standards in the Xiangjiang main stream (including 
monitoring sections controlled at the provincial and national levels) of 95%; and 

• compliance with water quality standards for water environmental function zones 
in the tributaries of 90%. 
 

238. The ecological restoration goals for the Xiangjiang River basin are:  
 

• aquatic ecosystems in river sections polluted by heavy metals achieve 
preliminary restoration;  

• forest coverage in water conservation forest areas must be increased to above 
55%;  

• efficient improvement in flood and waterlogging control standards in the river 
basin;  

• safe disposal of existing industrial and mining solid wastes from past activities;  
• restoration and improvement of mildly contaminated cultivated land, and pilot 

significant progress in the restoration of moderately and heavily contaminated 
cultivated land;  

• efficient control of the contamination river bed sediments with heavy metals in the 
Xiangjiang main stream, and  

• major progress in treatment research resulting from publication of the measures 
taken and their results. 
  

239. Special Plan for Heavy Metal Pollution Control in the Xiangjiang River. The Special 
Plan for Heavy Metal Pollution Control in the Xiangjiang River Basin (2010-2015) has been 
prepared by the Hunan Development and Reform Commission and Hunan Environmental 
Protection Bureau. The plan identifies the overall objectives and indexes for heavy metal 
pollution control in the Xiangjiang River basin, and identifies the main activities for heavy metal 
treatment. According to preliminary estimates, there are some 441 planned projects, requiring a 
total investment of 53.8246 billion Yuan. Of these, 180 projects are located in Hengyang 
Municipality, accounting for 40.8% of the projects for the whole province, with a total investment 
of 15.9606 billion Yuan or 29.7% of the total investment proposed. Key heavy metal pollution 
control projects relating to the proposed reservoir area and surroundings are listed in Tables 3.3 
and 3.4. The HEPD is responsible for implementation of the Special Plan in accordance with 
PRC environmental laws and regulations, but at present no detailed information is available on 
the implementation programme for this Special Plan. 
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Table 3.3: Summary of projects to control heavy metals in wastewater  
from industries in the vicinity of the reservoir 

 
No. Name of Project Content of Project 

(Capacity, Technology, Main Facilities, etc.) 
Project 
Type 

Planning 
Period 

1 

Hunan Shuikoushan 
Nonferrous Metals Group 
Co. Ltd.: Collective 
Processing and Zero 
Discharge of Heavy Metal 
Wastewater Project for Lead 
and Zinc Beneficiation & 
Metallurgy  

Carry on sewage separation and rainwater and sewage 
separation for wastewater from the 3rd, 4th, 6th and 8th 
Metallurgical Plants; through advanced treatment of surface 
filtration, mineral processing wastewater will be reused for 
beneficiation, and some water will be used as replenish water 
for smelting; scattered smelting waste water will be collectively 
advanced treated through electric flocculation method, and the 
treated wastewater will be reused. Treatment capacity is 
9000m3/d. 

New 
Build 2010 

2 
Changning Xiangjiang 
Chemical Plant: Waste 
Water Treatment Project 

Build a wastewater treatment project with treatment capacity of 
30,000 tons per year. Advanced treatment of lead-contained 
and cadmium-contained wastewater through electrical potential 
sulphide method. Treated wastewater will be recycled and with 
zero discharge. 

New 
Build 

2011- 
2012 

3 

Lijiang Copper Mine of 
Hengnan County: 
Wastewater Treatment 
Project  

Build a wastewater treatment project with treatment capacity of 
100m3/d. Wastewater containing lead and other heavy metals 
will be treated chemically. Improve wastewater recycling 
system, and realize zero discharge. 

New 
Build 

2011- 
2012 

4 

Changning Huaxing 
Metallurgical & Chemical Co. 
Ltd.: Advanced Treatment of 
Cadmium Contained and 
Arsenic Contained 
Wastewater, and Recycling 
and Zero Discharge Project 

On basis of current collecting and treatment system of 
production wastewater, ground washing wastewater, and 
primary rainwater, perform advanced treatment and cycle use 
of wastewater and realize zero discharge. Treatment capacity 
will be 200m3/d.  

New 
Build 

2011- 
2012 

5 

Hengnan Longfeng 
Metallurgical and Chemical 
Co. Ltd.: Comprehensive 
Treatment of Arsenic  and 
Cadmium Contained Waste 
Water and Residues 

Build an arsenic-contained wastewater treatment project with 
yearly treatment capacity of 40,000 tons. Improve waste water 
recycling system and realize zero discharge. 

New 
Build 

2011- 
2012 

6 

Hengyang Dingli Lead 
Industry Ltd.: 
Comprehensive Treatment 
of Lead Contained Exhaust 
Gas and Waste Residues 

Extension and renovation of wastewater treatment facility; daily 
treatment capacity of 3000 ton; in chemical treatment method; 
improve wastewater recycling system; realize zero discharge. 

New 
Build 

2011- 
2012 

7 

Hengyang Baisai Chemical 
Industry Ltd.: 
Comprehensive Treatment 
of Lead and Cadmium 
Contained Waste Gas and 
Residues 

Build a lead and cadmium contained wastewater treatment 
project with the yearly treatment capacity of 10,000 ton; 
treatment adopts sulphide precipitation process; improve 
wastewater recycling system, and realize zero discharge. 

New 
Build 

2011- 
2012 

8 

6th Plant of Shui koushan 
Nonferrous Metal Group Co. 
Ltd.; Reconstruction Works 
of Waste Water Treatment 
Station 

Treating beryllium-contained wastewater through biological 
agents; perfect wastewater recycling system; improve cyclic 
utilization rate of wastewater; yearly treatment capacity of 
200,000 tons.  

New 
Build 

2011- 
2012 

9 

Changning Chunhua 
Industrial and Trading Co. 
Ltd.: Comprehensive 
Treatment of Lead and 
Cadmium Contained Waste 
Water and Residues 

Build a lead and cadmium wastewater treatment project with 
yearly treatment capacity of 450,000 tons; adopt chemical 
precipitation method treating wastewater containing lead, 
cadmium, and arsenic; the precipitate, after filtration, should be 
safe and harmless.  

New 
Build 

2011- 
2012 

10 

Hengyang Shuikoushan 
Jinxin Lead Industry 
Company: Comprehensive 
Environmental Protection 

New build of a wastewater treatment system with the treatment 
capacity of 1000t/day. 

New 
Build 

2011- 
2012 
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No. Name of Project Content of Project 

(Capacity, Technology, Main Facilities, etc.) 
Project 
Type 

Planning 
Period 

and Treatment Project 

11 

Changning Shuikoushan 
Dongsheng Nonferrous 
Metals Metallurgical and 
Chemical Co. Ltd.: 
Comprehsive Treatment 
Project 

Build lead and cadmium wastewater treatment project; adopt 
chemical precipitation method; improve wastewater recycling 
system and realize zero discharge. 

New 
Build 

2011- 
2012 

12 

Changning Shuikoushan 
Economic Development 
Zone: Wastewater Advanced 
Treatment and Recycle 
Project 

Design capacity of continued construction is 10,000 tons per 
day. By adopting electric flocculation method, perform 
advanced treatment and cyclic utilization of heavy metal 
contained ground washing water, rainwater and sewage from 
43 heavy-metal involved enterprises and Shuikoushan 
Metallurgical and Chemical Co. Ltd. in Shuikoushan Economic 
Development Zone.  

New 
Build 2010 

13 

Changning Songbai 
Metallurgical and Chemical 
Co. Ltd. : Wastewater 
Treatment Project of Dayu 
Chemical Plant  

Build a wastewater advanced treatment facility with the 
treatment capacity of 86m3/d; improve wastewater recycling 
system. 

New 
Build 2010 

14 
Wastewater Treatment 
Project of Changning Kaihua 
Chemical Industry Co. Ltd. 

Together with the Sulfuric Acid Manufacture Project of “60,000 
to 150,000 ton and water washing to acid-washing” now being 
implemented by the Company, renovate former wastewater 
treatment system, perform sewage separation, and advanced 
treatment and cyclic use of wastewater; realize zero discharge 
of acid-production wastewater. Treatment capacity is 6,000 
m3/d. 

New 
Build 2010 

15 

Hunan Shuikoushan 
Nonferrous Metal Group Co. 
Ltd: Collective Treatment 
and Zero Discharge of 
Heavy Metal Wastewater 
from Lead and Zinc 
Beneficiation and Metallurgy 

Perform sewage separation and rainwater and sewage 
separation for wastewater from 3rd, 4th, 6th, and 8th Metallurgical 
Plant; through advanced treatment of surface filtration, mineral 
processing wastewater will be reused for beneficiation, and 
some water will be used as replenish water for smelting; 
scattered smelting waste water will be collectively advanced 
treated through electric flocculation method, and the treated 
waste water will be reused. Treatment capacity is 9000m3/d.  

New 
Build 2010 

16 

Songjiang Industrial Zone: 
Comprehensive Treatment 
of Heavy Metal Contained 
Waste Water 

Adopt chemical method plus electric flocculation method to 
treat wastewater, initial rainwater, ground washing water from 
metallurgical and chemical enterprises within the Industrial 
Zone. The treatment capacity is 3,000 ton per day. 

New 
Build 2010 

 
Table 3.4: Summary of projects to control heavy metals in wastewater 

from industries in the wider study area 
No. Name of Project Content of Project 

(Capacity, Technology, Main Facilities, etc.) 
Project 
Type 

Planning 
Period 

1 

Hunan Shuikoushan 
Nonferrous Metal Group Co. 
Ltd: Comprehensive Utilization 
Project of Heavy Metal Waste 
Residue 

Comprehensive use of hazardous waste residue produced by 
the Corporation, and recover valuable metals; build new 
hazardous residue treatment yard and smelting slag treatment 
yard; the Songbai slag yard that finished service period will be 
seal-up for safekeeping after recycling heavy metals through 
comprehensive resource utilization; build a comprehensive 
utilization project with the 400,000 tons capacity of tailings 
utilization.  

New Build 2010 

2 

Songbai Town of Shuikoushan 
Area of Changning City: 
Reduction and Harmless 
Treatment Project of Historical 
Left-over Heavy Metal Solid 
Residues  

Taking long-standing industrial waste residue yard in Zhupo 
Villiage of Songbao Town as the centre, collect and separate 
one million ton industrial solid waste along Songbai Metallurgy 
Road; perform reduction and harmless treatment to common 
industrial solid waste through brick making; and perform 
comprehensive and harmless treatment of solid wastes 
containing heavy metals. 

New Build 2010 
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No. Name of Project Content of Project 
(Capacity, Technology, Main Facilities, etc.) 

Project 
Type 

Planning 
Period 

3 

Hengyang Songjiang Industrial 
District: Treatment Project of 
Environment Polluted Waste 
Residue 

Perform comprehensive treatment for the 1.2 million tons of 
open stockpiles of waste residue left over in the district. New Build 2010 

4 

Zengjia Rivulet and Kangjia 
Rivulet of Songbai Town: 
Treatment of Heavy Metal 
Sediments Pollution 

It is planned to dredge 200 m3 of residue along about 15,000m 
of the Zengjia Rivulet and Kangjia Rivulet; perform safety 
hardening treatment to heavy metal contained in the bottom 
sediments through engineering measures. 

New Build 2010 

5 

Hengnan Longfeng 
Metallurgical and Chemical 
Co. Ltd.: Comprehensive 
Treatment of Arsenic  and 
Cadmium Contained Waste 
Water and Residues 

Renovation and extension of comprehensive treatment facilities 
for arsenic contained waste residues. New Build 2011- 

2012 

6 

Hengyang Dingli Lead Industry 
Ltd.: Comprehensive 
Treatment of Lead Contained 
Exhaust Gas and Waste 
Residues 

Renovation and extension of comprehensive treatment facilities 
for arsenic contained waste residues. New Build 2011- 

2012 

7 

Hengyang Baisai Chemical 
Industry Ltd.: Comprehensive 
Treatment of Lead and 
Cadmium Contained Waste 
Gas and Residues 

Build solid lead waste stockpile that in compliance with 
environmental protection requirements; stockpile volume is 3000 
tons. 

New Build 2011- 
2012 

8 

Changning Chunhua Industrial 
and Trading Co. Ltd.: 
Comprehensive Treatment of 
Lead and Cadmium Contained 
Waste Water and Residues 

Build solid lead waste stockpile that in compliance with 
environmental protection requirements; stockpile volume is 1500 
tons. 

New Build 2011- 
2012 

9 

Longxi Mining Industry Co. 
Ltd.: Comprehensive 
Environment Treatment 
Project 

Build a special solid waste treatment yard with a total capacity of 
two million tons; yearly treatment capacity of gold waste residue 
of 106,000 tons; recover vegetation on 100 mu hilly lands that 
damaged by mineral separation.  

New Build 2011- 
2012 

10 

Comprehensive Treatment 
Project of Heavy Metal 
Polluted Soils in Shuikoushan 
Area 

Perform chemical and biological recovery to 6500 ha lands 
mingled in moderate contaminated area; and change to plant 
other commercial crops in mild contaminated area.  

New Build 2011- 
2012 

11 
Resettlement Project for 
Heavy Metal Contaminated 
Area of Shuikoushan 

Implement integral resettlement of 6,000 people living in the  
hazardous area of Shuikoushan Nonferrous Group Co. Ltd. New Build 2011- 

2012 

12 
Soil Treatment Project of 
Hengnan Songjiang Industrial 
District 

Perform treatment and restoration to the 5.5 km2 heavy metal 
contaminated soils within and surrounding the industrial district. New Build 2013- 

2015 

13 
Waste Residue and Soil 
Treatment Project for Yaotian 
District of Leiyang City 

Perform restoration to the 2000 mu heavy metal contaminated 
soils in Yaotian District of Leiyang City New Build 2013- 

2015 

14 

Comprehensive Treatment 
Project of Heavy Metal 
Contaminated Soils in 
Zhoushi, Liushi and Baogai 
Districts of Hengnan County 

It is planned to eliminate the 1800mu heavy metal (arsenic) 
contaminated soils in four areas of Hengyan County (i.e. 
Zhoushi Metallurgical Plant, Zhoushi Hongli Lead and Zinc Mine, 
Hengnan Liushi Metallurgical Plant, and Baogai Hengjiang Gold 
Mine) through vegetation recovery, soil replacement and other 
measures.  

New Build 2013- 
2015 
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3. POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK 
 

3.1 Policy 
 

3.1.1 Development of Inland Waterways 
 
191. The Government of the PRC considers inland water transport to be an important 
component of the national transport system as well as a strategic resource for the sustainable 
development of its economy and society. Inland water transportation is assuming increasing 
importance as the country strives towards the expansion of an energy-efficient and 
environmentally-friendly transport network. Recent studies under the auspices of the then 
Ministry of Communications (now the Ministry of Transport─MOT), culminated in a 
comprehensive national plan and strategy for the development of the inland waterway 
sector─The National Inland Waterways and Ports Plan to 2020 (NIWPP2020)─which was 
approved jointly by the National Development and Reform Commission (NDRC) and the MOT in 
2007. 
 
192. The NIWPP2020 focuses on the development of national scale high class waterways 
and main ports. A network of high class waterways amounting to some 19,000 km will be 
developed, consisting of 14,300 km of Class III waterways and above, and 4,800 km of Class IV 
waterways, making 15% of the network capable of accommodating vessels of 1,000 dwt and 
larger. The plan also includes the development of 28 major inland ports. The proposed network 
covers 20 provinces, connects 56 cities with a population of more than 500,000 each, and 
provides links between the sources of natural resources and the main centres for energy 
consumption and production. The NIWPP2020 includes development of the Xiangjiang River as 
one of the higher classed waterways slated for development together with two of the 28 ports, 
Changsha and Yueyang.  
 
193. Under the 11th Five Year Plan (FYP) (2006 to 2010), inland ports were to be upgraded to 
match the improved navigational standards and new port facilities were to be constructed. 
Specific major developments in Hunan include the third phase expansion of New Changsha 
Port, the new multi-purpose terminal at Tongtangwan in Zhuzhou, three berths at the Hexi 
Terminal in Xiangtan, two berths at Linxiangyalan and two berths at Huarongta in Yueyang, a 
four berth terminal at Deshan in Changdde and several other berths in Chenglingli and 
Jiangliazi. The two new 1,000 dwt berths at Yunji and Songbai associated with the Tugutang 
navigational complex are also included. The Tugutang Navigation and Hydropower Complex is 
also listed in the Water Transportation Plan of the 11th FYP for Hunan Province and MOT.  
 
194. The Development Plan of the Main Navigation Channel on the Xiangjiang River, 
approved by the Hunan Government in 2005, allows for the upgrading of the navigable channel 
to Class II between Hengyang to Chenglingji, to Grade III between Songbai and Hengyang, and 
to Grade III between Pingdao to Songbai. The upgrade will allow ships up to 2000 dwt to pass 
from Hengyang to the Yangzhi. These improvements are expected to have a large impact on 
Hengyang and the commercial and industrial conurbation of Changsha, Zhuzhou and Xiangtan.   
 
195. Developing inland waterways relative to other transport modes saves large tracts of land 
from other forms of transportation development and the associated environmental and social 
impacts, reduces energy consumption and carbon emissions, improves flood control, 
contributes towards poverty reduction by providing access to remote communities, and is 
generally environmentally friendly.  
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3.1.2 Environmental Impact Assessment and Protection 
 
196. The PRC’s environmental law system aims to achieve a balance between protecting the 
environment and the society and exploitation of natural resources. The PRC’s environmental 
law system is mainly composed of the following: 
 

• provisions on environmental protection in the Constitution,  
• comprehensive fundamental environmental laws,  
• separate laws on environmental protection,  
• legal procedures for the settlement of environmental disputes,  
• environmental standards for air, water, soils, etc,  
• regulatory documents on environmental protection in other branch laws,  
• local environmental laws and regulations, and, 
• international environmental treaties to which PRC has acceded.  

 
197. Provisions on Environmental Protection in the Constitution. The Constitution 
provides the basis for the legal protection of the environment and natural resources at the 
highest level. The 1982 Constitution includes a series of provisions for environmental protection, 
which confirm that environmental protection is a basic duty of the State, define the ownership of 
natural resources and important environmental elements, and protect the environment, natural 
resources, and places of historic interest, precious cultural relics and other important historical 
legacies.  
 
198. There are two types of special regulatory environmental legal tools: (a) comprehensive 
environmental protection laws and (b) environmental laws which protect individual 
environmental elements or make provisions for specific environmental management systems.  
 
199. Comprehensive Environmental Protection Laws: Environmental Protection Law of 
the People’s Republic of China. The Environmental Protection Law of the PRC was 
promulgated in December 1989 and provides the basis for PRC’s comprehensive laws on 
environmental protection. The Environmental Protection Law sets out the basic principles, 
systems and requirements for environmental protection. There is a requirement to include 
environmental protection in economic and social development plans and co-ordinate between 
economic development and environmental protection. Emphasis is to be placed on prevention. 
The law requires an environmental impact assessment system. There is to be an integrated 
approach to environmental protection, pollution charging, and treatment [of wastes] within 
prescribed deadlines and a permitting system. The Law contains basic requirements for 
protecting the natural environment and the legal obligations of persons exploiting and using 
environmental resources. There are basic requirements and corresponding obligations for 
preventing and controlling environmental pollution. The authority and roles of environmental 
management agencies in environmental supervision and management, and the obligations and 
legal liabilities of entities and individuals in environmental protection are also covered.  
 
200. Separate Environmental Law: Legislation on Some Environmental Elements. There 
is also separate legislation on the protection of environmental elements (air, water, sea, etc.), 
the control of pollutants (solid wastes, pesticides and noise, etc.), resources (forests, grasslands 
and lands, etc.) and specific environmental administration systems. This body of legislation can 
be divided into two categories: (a) laws with the purpose of preventing environmental pollution 
and controlling public hazards, the content of which is mainly embodied in the prevention of 
pollution of air and water, noise, waste disposal, use of pesticides and other toxic substances, 
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and the prevention and control of other public hazards such as vibration, odour, radiation, 
electro-magnetic radiation and thermal pollution, and (b) laws with the purpose of managing 
natural resources and protecting the ecology.  
  
201. Environmental Quality Standards. Environmental quality standards are technical 
specifications of a legal nature, which are used in formulating environmental objectives and in 
environmental planning. They are also the statutory basis for judging whether the environment 
is polluted and to formulate pollutant emission standards. Environmental standards can be 
divided into four categories, namely, environmental quality standards, pollution emission 
standards, basic standards and method standards. The environmental standards relevant to the 
Project are listed below. 
 

(i) Environmental Quality Standards 
• Environmental Quality Standards for Surface Water (GB3838-2002) 
• Quality Standard for Ground Water (GB/T14848-1993) 
• Environmental Quality Standard for Soil (GB15618-1995) 
• Standards for Ambient Air Quality (GB3095-1996) 
• Environmental Quality Standard for Noise (GB3096-2008) 
 

(ii) Pollution Emission Standards 
• Discharge Standard of Pollutants for Municipal Wastewater Treatment 

Plant (GB18918-2002) 
• Integrated Emission Standard of Air Pollutants (GB16297-96) 
• Limits of Noise Emissions on Construction Sites (GB12523-90) 
• Emission Standards for Industrial Enterprises Noise at Boundary 

(GB12348-2008) 
 

202. Appendix VI compares the Environmental Quality Standards applicable in PRC with 
standards set out by other international organisations and national governments. This 
comparison shows that: 
 

• Overall, the PRC grade II air quality standards which apply to the Project area 
are comparable to other international and national air quality standards, and they 
are suitable for application during this development. 

• Water quality standards applicable in PRC are very similar to those applicable in 
the UK (which are based on European Union directives), and the PRC standards 
are considered to be applicable to protect both aquatic life and human uses of 
waters.  

• PRC standards applicable to soil of “farmland, vegetable field, tea garden, 
orchard, rangeland, woodland and nature reserves” are very similar to standards 
applied in the UK to protect people and vegetation, except for the standard for 
chromium (VI) which is more stringent in the UK.  The PRC standards are 
considered appropriate for use during this development.  

• PRC standards to protect residential areas from noise disturbance are marginally 
above but similar to those recommended by the World Health Organization for 
outdoor and sleeping areas, and are appropriate for use during this development. 

 
203. International Treaties. PRC has become a signatory to numerous international treaties. 
The most relevant Conventions for the Tugutang Navigation and Hydropower Complex are 
listed in Table 3.1 below. All entities and individuals must observe these Conventions, the 
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validity of which prevails over domestic law, except where PRC has announced reservations on 
certain provisions of the Conventions. 
 

Table 3.1: International Environmental Conventions Signed By PRC 
Convention Status: Year 

Convention on Biological Diversity (CBD) Signed: June 1992 
Ratified: January 1993 
Entry into Force: November 1993 

UN Framework Convention on Climate Change (UNFCCC) Signed: 11 June 1992 
Ratified: January 1993 
Entry into Force: March 1994  

Kyoto Protocol Signed: May 1998 
Ratified (Approval): August 2002  
Entry into Force: February 2005 

Convention on the Protection of Wetlands of International Importance 
(Ramsar) 

Entry into Force: July 1992 

Vienna Convention for the Protection of the Ozone Layer Accession: September 1989 
Montreal Protocol (regulating substances that deplete the ozone layer) Accession: June 1991 
Convention on International Trade in Endangered Species of Fauna and 
Flora (CITES) 

Accession: January 1981 
Entry into Force: April 1981 

Convention on the Transboundary Movement of Hazardous Waste (Basel) Signed: March 1990 
Ratified: December 1991 

Rotterdam Convention on the Prior Informed Consent Procedure for 
Certain Hazardous Chemicals and Pesticides in International Trade 

Signed: 1999 
Ratified: 2005 

 
3.2 Environmental Law 

 
204. In the PRC there is an extensive body of environmental law which has been 
promulgated at the state, provincial and local levels, supplemented by Ministry guidelines, 
norms and environmental quality standards. Table 3.2 lists some of the key legal instruments 
relevant to the Project. 
 

Table 3.2: Key Environmental Legislation in PRC 
Name of the Law Year Adopted 

Law of the PRC on the Evaluation of Environmental Effects   2001  
Environmental Protection Law of the PRC 1989  
Water Law of the PRC  2002  
Law of the PRC on the Prevention and Control of Water Pollution  2008  
Law of the PRC on the Prevention and Control of Atmospheric Pollution  2009 
Law of the PRC on the Prevention and Control of Environmental Noise Pollution  1997 
Law of the PRC on the Prevention and Control of Environmental Pollution by Solid Waste  2005 
Law of the PRC on Water and Soil Conservation  1991 
Land Administration Law of the PRC 2004 
Law of the PRC on the Protection of Cultural Relics 2002 
Law of the PRC on the Protection of Wild Life 1998 
Fishery Law of the PRC 2004 
Flood Control Law of the PRC 1998 
Law of the PRC on the Prevention and Treatment of Infectious Diseases 2004 
PRC = People’s Republic of China. 
 
205. Water Law of the PRC. This law regulates human activities in connection with the 
prevention and control of water pollution and the exploitation, utilization, protection and 
management of water resources and the various water-related relations thus generated. The 
Law states that the water resources are owned by the whole people and/or by collectives. The 
management of water resources utilization is strengthened through economic means such as 
the collection of water rates and water resources fees. The law reinforces the role of 
government in flood control and specifies the measures that may be taken by the flood control 
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command agencies in an emergency situation. 
 
206. Prevention and Control of Water Pollution. This law seeks to prevent and control 
water pollution, protect and improve the environment, ensure the safety of drinking water, and 
promote the comprehensive, coordinated and sustainable development of the economic society. 
In the prevention and control of water pollution, the law adopts the principle of “putting 
prevention first while combining prevention and control and carrying out comprehensive 
treatment”. The law seeks to protect drinking water resources as a priority, strictly control 
industrial and domestic wastewater pollution, prevent and control widespread pollution from the 
over-use of fertilizers and pesticides in rural areas, actively promote the construction of 
ecological management projects, and prevent, control and reduce ambient water pollution and 
ecological damages. 
 
207. Prevention and Control of Atmospheric Pollution. Clear and detailed provisions have 
been made with respect to the supervision and management of air pollution prevention systems 
and measures. The law covers air pollution generated by combustion, the prevention and 
control of vehicle and vessel emissions, and the prevention and control of waste gas exhaust, 
dust and odour. The main control mechanisms are: total control on the discharge of air 
pollutants and licensing system; legally binding discharge standards; and a pollution charging 
system.  
 
208. Prevention and Control of Noise Pollution. This law aims to prevent and control noise 
pollution, protect and improve the living environment, ensure human health, and promote 
economic and social development. Provisions are made for the supervision and management of 
the prevention and control of ambient noise, industrial noise, construction noise, transportation 
noise, and neighbourhood noise. 
 
209. Prevention and Control of Environmental Pollution by Solid Waste. This law sets 
out the supervision and management systems for the prevention and control of solid waste, 
which are required in the environmental management of industrial, domestic and hazardous 
wastes, together with legal responsibilities. 
 
210. Water and Soil Conservation. This law seeks to prevent and control soil erosion, 
protect and reasonably use water and soil resources, mitigate flood, drought and sandstorms, 
improve the ecological environment and develop agricultural production. The law includes 
requirements for comprehensive planning and integrated control of water and soil conservation, 
and intensification of management according to local conditions.  
 
211. Land Administration Law. This law seeks to intensify land management and maintain 
the public ownership of land, protect and develop land resources and use lands reasonably, 
protect arable lands and promote the sustainable development of the social economy. This law 
sets out ownership and land use rights, formulates general land use planning, implements the 
protection of arable lands and management of construction land, and provides a system for 
supervision and inspection. 
 
212. Protection of Cultural Relics. The purpose of this law is to strengthen the protection of 
cultural relics, safeguard the excellent historical and cultural heritage of the Chinese nation, and 
regulate archaeological excavations, cultural relics in museums, cultural relics collected by the 
general public, and the import and export of cultural relics.  
 
213. Protection of Wildlife. This law seeks to protect and save rare and endangered wildlife; 
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protect and develop the reasonable use of wildlife resources; and maintain the ecological 
balance. 
 
214. Fishery Law. The purpose of this law is to strengthen the protection, proliferation, 
development and reasonable use of fishery resources; develop artificial breeding programmes; 
safeguard the legitimate rights and interests of fishermen; and promote the development of 
fishery production. The law standardises the relevant matters in aquaculture and the fishing 
industry and strengthens the proliferation and protection of fishery resources. 
 
215. Flood Control Law. This law seeks to prevent and control floods, mitigate flood 
damages, safeguard people’s lives and property and ensure the smooth development of society. 
This law includes: the basic principles and systems that should be observed in flood control; the 
incorporation of flood control facilities into national economy and social development plans; the 
basic responsibility of the government in the work of flood control; the division of duties among 
government agencies in flood control and the legal obligations of all entities and individuals to 
participate in flood control activities. 
 
216. Prevention and Treatment of Infectious Diseases. This law seeks to prevent, control 
and eliminate the occurrence and prevalence of infectious diseases and ensure human health 
and public sanitation. This law includes an infectious diseases prevention system, requirements 
for the reporting of epidemics, a notification and publication system, epidemic control 
procedures and methods, and medical treatment. 
 

3.3 Environmental Impact Assessment Requirements 
 
217. The Project will be subject to the environmental requirements of the ADB and PRC. 
These requirements are as follows. 
 
218. Environmental Impact Assessment Requirements of ADB. All projects considered for 
loans and investments by ADB are subject to classification for the purposes of determining 
environmental assessment requirements. The determination of the environment category is to 
be based on the most environmentally sensitive component of the project. Within this system, 
projects are screened for their expected environmental impacts and assigned to one of the 
following four categories: 
 

• Category A: Projects with potential for significant adverse environmental 
impacts. An environmental impact assessment (EIA) is required to 
address significant impacts. 

• Category B: Projects judged to have some adverse environmental 
impacts, but of a lesser degree and/or significance than those of 
category A projects. An initial environmental examination (IEE) is 
required to determine whether or not significant environmental impacts 
warranting an EIA are likely. If an EIA is not needed, the IEE is regarded 
as the final environmental assessment report. 

• Category C: Projects unlikely to have adverse environmental impacts. 
No EIA or IEE is required, although environmental implications are still 
reviewed. 

• Category FI: Projects are classified as category FI if they involve a credit 
line through a financial intermediary or an equity investment in a 
financial intermediary. The financial intermediary must apply an 
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environmental management system, unless all subprojects will result in 
insignificant impacts. 

 
219. This Project has been evaluated as a Category A Project, requiring a full EIA. Guidelines 
on the ADB’s requirements for EIA include the Safeguard Policy Statement (June 2009) . 
 
220. Environmental Impact Assessment requirements of the PRC. The requirements for 
EIA in the PRC are prescribed by the Law on Environmental Impact Assessment. The purpose 
of this law is to protect the environment, prevent ecological imbalances, regulate natural 
resource use, assess the environmental impacts of projects, and set out procedures for 
decision-making regarding the implementation of projects. The Law applies to all new projects, 
as well as the rehabilitation and expansion of existing industrial, service or construction 
activities, and projects that use natural resources. The EIA requirements are further elaborated 
in a series of Technical guidelines and standards which cover general principles, a range of 
topic areas (surface water, air, noise, etc) and issues related to construction in general and the 
development of hydropower and water conservancy projects. Figure 3.1 below presents a 
simplified diagram of the EIA procedure in the PRC. 
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Figure 3.1: Simplified Diagram of the EIA Procedure in PRC 
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3.4 Administrative Framework 
 

3.4.1 Transportation Sector  
 

221. National Level. The MOT is responsible for issuing national policy guidelines, 
regulations, design standards, and financial support for all modes of transport, including inland 
waterways. The MOT is responsible for planning nationally important channels, including Class 
III waterways and above, and Class IV waterways where these have important trans-provincial 
traffic functions. Once approved by the State Council, the comprehensive master plan becomes 
the long term development plan to which provincial governments responsible for engineering, 
design, construction, operation and maintenance adhere. 
 
222. Province Level. The HPDOT is primarily responsible for administrating all transportation 
networks in the province. The XNCD was established by the HPDOT in 1995 specifically to 
develop and manage navigational complexes on the Xiangjiang River. The XNCD is a 
commercial enterprise fully owned by HPDOT. XNCD currently operates two multi-purpose 
complexes on the Xiangjiang River, namely Dayuandu and Zhuzhou Complexes. The Hunan 
Maritime Administration Bureau (HMAB) is a division of the HDPOT with responsibility for the 
development, administration, use and regulation of the provincial inland waterways and ports. 
 
223. Local Level. The construction, maintenance, and day-to-day management of the 
waterway infrastructure including ports have been delegated to local transportation bureaux of 
the various municipalities, cities, towns, and counties within Hunan province. Despite the 
supervisory role of the HMAB, port development by local city governments tends to be ad hoc 
rather than co-ordinated across the province. There is limited private sector interest in niche 
areas of port development and operation, including the construction of jetties, landing stages for 
sand mining, and the development of terminals to handle heavy industrial products. The Yangzhi 
River is administered by a separate waterway administration under the direct supervision of the 
MOT. 
 

3.4.2 Water Resources Sector  
 

224. National Level. The Ministry of Water Resources (MoWR) has overall responsibility for 
the management and co-ordination of water resources. Plans for inland waterway infrastructure 
and ports by MOT have to be co-ordinated through the MoWR and have to comply with the 
Ministry’s integrated plans for the overall use of water resources.  
 
225. Provincial Level. The Water Resources Bureau of Hunan Province is responsible for 
various activities including: the formulation and implementation of guidelines, policies, 
development strategies, medium and long-term planning, and annual planning for water 
conservancy; the management of water resources (including atmospheric water, surface water 
and groundwater); the construction and management of water conservancy projects, including 
studies for large and medium-sized water conservancy infrastructure; the management and 
protection of water conservancy facilities, water resources and shorelines; and soil and water 
conservation research, planning and monitoring. 
 

3.4.3 Environmental Management and Protection Sector 
 

226. National Level. The Ministry of Environmental Protection has responsibility for: 
establishing a sound basis for environmental protection; overall coordination, supervision and 
management of important environmental issues; implementation of national objectives for 
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emissions reduction; advising on the scale and direction of investments in fixed assets and 
funding in the field of environmental protection, and approval of the fixed asset investment 
projects in the State plan within the scale of the annual plan based on the authority specified by 
the State Council; prevention and control of environmental pollution and damage from the 
source. The Ministry carries out environmental impact assessments for important economic and 
technological policies, development plans and major economic development plans. They 
approve environmental impact assessment reports for major development and construction 
regions and projects according to State regulations. The Ministry supervises and manages the 
prevention and control of environmental pollution. They guide, coordinate and supervise 
ecological protection and carries out environmental monitoring and information distribution.  
 
227. Provincial Level. The Hunan Environmental Protection Bureau is responsible for 
various activities, including: drawing up provincial environmental protection laws and 
regulations, environmental protection technology policies, and supervising their implementation; 
coordinating the response to major and serious environmental pollution accidents; implementing 
action plans to comply with the provincial emission reduction objectives; advise on investments 
in environmental protection and funding; managing pollution control at source; undertake 
environmental impact assessments for important economic and technological policies, 
development plans and major economic development plans and approve environmental impact 
assessment reports for major regional developments and individual projects; supervise and 
manage procedures to prevent and control environmental pollution for the whole province; 
ecological protection; and carry out environmental monitoring and information distribution.  
 
228. The Hunan Province Land Resources Committee is responsible for inter alia: drawing up 
local regulations and rules on land and mineral resources, managing surveying and mapping, 
and implementation; preparing general land use and other special plans; land registration 
regulations and implementation; land use rights and implement; land pricing; regulation of 
mining rights; and the monitoring, prevention and control of geological hazards. 
 
229. The Hunan Fisheries Protection Bureau is responsible for: the formulation of medium to 
long term strategies and implementation of projects to develop fisheries in the province; develop 
scientific programmes; and supervise the fisheries legislation including protection of the fishery 
resource, the inspection of fishing vessels and fishing ports, and protection of aquatic life.   
 

3.4.4 Resettlement 
 

230. National Level. The Ministry of Water Resources Reservoir Resettlement Bureau is 
responsible for the formulation and implementation of policies, laws and regulations relating to 
resettlement resulting from reservoir projects; managing the qualification process for the 
supervision and evaluation of resettlement projects; reviewing and approving resettlement plans 
for  large and medium-sized water conservancy projects approved by Central Government; and 
directing the implementation of support policies in the latter period of reservoir resettlement in 
those areas directly under the central government control.  
 
231. Provincial Level. The Hunan Province Resettlement Bureau is responsible for: 
preparing comprehensive resettlement plans and carrying out initial examinations of  
resettlement plans for new large water conservation and hydropower projects, and assisting the 
relevant departments in formulating medium and long-term plans for the development of key 
migration areas; coordinating the resettlement work between the relevant departments directly 
under the province, city and prefecture governments, and cooperate jointly with relevant 
departments directly under the provincial Party Committee on resettlement matters; distributing 
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and managing the subsidy for food for resettled people; and handling complaints made by 
resettled persons and coordinating with local government to maintain social stability in the 
reservoir and resettlement areas.  
 
232. Local Level. The Hengyang Resettlement Bureau implements the guidelines, policies 
and regulations of the Party and the government on resettlement; implements plans for 
resettlement, production and development; manages the resettlement funds; and works to 
maintain social stability in the affected areas.  
 

3.5 Environmental Management in Hunan Province 
 
233. Plan for the Xiangjiang River Pollution Control. In June 2006, the Environmental 
Protection Bureau of Hunan Province prepared the 11th FYP for Water Pollution Control in the 
Xiangjiang River Basin. The Plan was approved by Hunan People’s Government and was 
incorporated into the province’s 11th FYP which covers the period 2006 to 2010. The plan sets 
the following targets to be achieved by 2010: 
  

• Compliance with the water quality standards for centralized drinking water 
sources in the Xiangjiang River should exceed 96%;  

• Compliance with the standard for the water environmental function zones in 
main stream of the Xiangjiang River should be 85%;  

• Compliance with the standards for the water environment function zones in 
the river basin should be 95%; and 

• Wastewater discharges must control the volume of chemical oxygen demand 
(COD) and discharge of ammoniacal nitrogen, arsenic and cadmium.  
 

234. Some 169 key environmental protection works were planned, including: urban 
wastewater treatment works, non-hazardous urban solid waste treatment works, industrial 
wastewater treatment works, small watershed (regional) comprehensive treatment works, heavy 
metal pollution control works, and environmental management capacity development. The cost 
of implementing the plan was estimated at 17 billion Yuan, which accounts for 0.43% of GDP 
over the plan period, of which some 2.53 billion Yuan was required for investment in heavy 
metal pollution control works.  
 
235. Special Plan for Cadmium Pollution Control in the Xiangjiang River. In June 2006, 
the Environmental Protection Bureau of Hunan Province prepared a Special Plan for Cadmium 
Pollution Control in the Xiangjiang River during the 11th FYP (2006 to 2010). The Special Plan 
was approved by the Hunan People’s Government. The 2010 targets from the Special Plan are:  
 

• compliance with the cadmium standard for centralized or drinking water 
sources in Xiangjiang River basin of 100%; 

• compliance of the cadmium standard for water environmental function zones 
in the main stream and river basin of the Xiangjiang River greater than 95%; 

• compliance of the cadmium standard of the river water quality in reaches 
along every city of 100%; and 

• the total cadmium discharge within the river basin to be reduced by 25% 
from the 2005 level.  
 

236. The main projects for the control of cadmium in the Xiangjiang River are: the renovation 
of 88 enterprises involving cadmium in Changsha, Zhuzhou, Xiangtan, Hengyang and 
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Chengzhou. The renovation programme covers closing some enterprises and improving 
wastewater treatment within prescribed deadlines for others. The Special Plan considers 20 
industrial pollution source control and regional regulation projects, with a total investment of 
about 1,356.06 million Yuan.  
 
237. Comprehensive Ecological Environment Treatment Plan for the Xiangjiang River. 
In December 2009, the Hunan Provincial Government prepared the Comprehensive Ecological 
Environment Treatment Plan for the Xiangjiang River in Hunan Province. With regards to the 
water environment, the short-term goals (Year 2015) of this Plan are as follows:  
 

• the water quality in the Grade I protection areas for drinking water abstraction 
points in the Xiangjiang River must comply with the Environmental Quality 
Standards for Surface Water (GB3838-2002) for Class II water quality with a 
compliance level of 98%;  

• compliance with water quality standards in the Xiangjiang main stream (including 
monitoring sections controlled at the provincial and national levels) of 95%; and 

• compliance with water quality standards for water environmental function zones 
in the tributaries of 90%. 
 

238. The ecological restoration goals for the Xiangjiang River basin are:  
 

• aquatic ecosystems in river sections polluted by heavy metals achieve 
preliminary restoration;  

• forest coverage in water conservation forest areas must be increased to above 
55%;  

• efficient improvement in flood and waterlogging control standards in the river 
basin;  

• safe disposal of existing industrial and mining solid wastes from past activities;  
• restoration and improvement of mildly contaminated cultivated land, and pilot 

significant progress in the restoration of moderately and heavily contaminated 
cultivated land;  

• efficient control of the contamination river bed sediments with heavy metals in the 
Xiangjiang main stream, and  

• major progress in treatment research resulting from publication of the measures 
taken and their results. 
  

239. Special Plan for Heavy Metal Pollution Control in the Xiangjiang River. The Special 
Plan for Heavy Metal Pollution Control in the Xiangjiang River Basin (2010-2015) has been 
prepared by the Hunan Development and Reform Commission and Hunan Environmental 
Protection Bureau. The plan identifies the overall objectives and indexes for heavy metal 
pollution control in the Xiangjiang River basin, and identifies the main activities for heavy metal 
treatment. According to preliminary estimates, there are some 441 planned projects, requiring a 
total investment of 53.8246 billion Yuan. Of these, 180 projects are located in Hengyang 
Municipality, accounting for 40.8% of the projects for the whole province, with a total investment 
of 15.9606 billion Yuan or 29.7% of the total investment proposed. Key heavy metal pollution 
control projects relating to the proposed reservoir area and surroundings are listed in Tables 3.3 
and 3.4. The HEPD is responsible for implementation of the Special Plan in accordance with 
PRC environmental laws and regulations, but at present no detailed information is available on 
the implementation programme for this Special Plan. 
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Table 3.3: Summary of projects to control heavy metals in wastewater  
from industries in the vicinity of the reservoir 

 
No. Name of Project Content of Project 

(Capacity, Technology, Main Facilities, etc.) 
Project 
Type 

Planning 
Period 

1 

Hunan Shuikoushan 
Nonferrous Metals Group 
Co. Ltd.: Collective 
Processing and Zero 
Discharge of Heavy Metal 
Wastewater Project for Lead 
and Zinc Beneficiation & 
Metallurgy  

Carry on sewage separation and rainwater and sewage 
separation for wastewater from the 3rd, 4th, 6th and 8th 
Metallurgical Plants; through advanced treatment of surface 
filtration, mineral processing wastewater will be reused for 
beneficiation, and some water will be used as replenish water 
for smelting; scattered smelting waste water will be collectively 
advanced treated through electric flocculation method, and the 
treated wastewater will be reused. Treatment capacity is 
9000m3/d. 

New 
Build 2010 

2 
Changning Xiangjiang 
Chemical Plant: Waste 
Water Treatment Project 

Build a wastewater treatment project with treatment capacity of 
30,000 tons per year. Advanced treatment of lead-contained 
and cadmium-contained wastewater through electrical potential 
sulphide method. Treated wastewater will be recycled and with 
zero discharge. 

New 
Build 

2011- 
2012 

3 

Lijiang Copper Mine of 
Hengnan County: 
Wastewater Treatment 
Project  

Build a wastewater treatment project with treatment capacity of 
100m3/d. Wastewater containing lead and other heavy metals 
will be treated chemically. Improve wastewater recycling 
system, and realize zero discharge. 

New 
Build 

2011- 
2012 

4 

Changning Huaxing 
Metallurgical & Chemical Co. 
Ltd.: Advanced Treatment of 
Cadmium Contained and 
Arsenic Contained 
Wastewater, and Recycling 
and Zero Discharge Project 

On basis of current collecting and treatment system of 
production wastewater, ground washing wastewater, and 
primary rainwater, perform advanced treatment and cycle use 
of wastewater and realize zero discharge. Treatment capacity 
will be 200m3/d.  

New 
Build 

2011- 
2012 

5 

Hengnan Longfeng 
Metallurgical and Chemical 
Co. Ltd.: Comprehensive 
Treatment of Arsenic  and 
Cadmium Contained Waste 
Water and Residues 

Build an arsenic-contained wastewater treatment project with 
yearly treatment capacity of 40,000 tons. Improve waste water 
recycling system and realize zero discharge. 

New 
Build 

2011- 
2012 

6 

Hengyang Dingli Lead 
Industry Ltd.: 
Comprehensive Treatment 
of Lead Contained Exhaust 
Gas and Waste Residues 

Extension and renovation of wastewater treatment facility; daily 
treatment capacity of 3000 ton; in chemical treatment method; 
improve wastewater recycling system; realize zero discharge. 

New 
Build 

2011- 
2012 

7 

Hengyang Baisai Chemical 
Industry Ltd.: 
Comprehensive Treatment 
of Lead and Cadmium 
Contained Waste Gas and 
Residues 

Build a lead and cadmium contained wastewater treatment 
project with the yearly treatment capacity of 10,000 ton; 
treatment adopts sulphide precipitation process; improve 
wastewater recycling system, and realize zero discharge. 

New 
Build 

2011- 
2012 

8 

6th Plant of Shui koushan 
Nonferrous Metal Group Co. 
Ltd.; Reconstruction Works 
of Waste Water Treatment 
Station 

Treating beryllium-contained wastewater through biological 
agents; perfect wastewater recycling system; improve cyclic 
utilization rate of wastewater; yearly treatment capacity of 
200,000 tons.  

New 
Build 

2011- 
2012 

9 

Changning Chunhua 
Industrial and Trading Co. 
Ltd.: Comprehensive 
Treatment of Lead and 
Cadmium Contained Waste 
Water and Residues 

Build a lead and cadmium wastewater treatment project with 
yearly treatment capacity of 450,000 tons; adopt chemical 
precipitation method treating wastewater containing lead, 
cadmium, and arsenic; the precipitate, after filtration, should be 
safe and harmless.  

New 
Build 

2011- 
2012 

10 

Hengyang Shuikoushan 
Jinxin Lead Industry 
Company: Comprehensive 
Environmental Protection 

New build of a wastewater treatment system with the treatment 
capacity of 1000t/day. 

New 
Build 

2011- 
2012 
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No. Name of Project Content of Project 

(Capacity, Technology, Main Facilities, etc.) 
Project 
Type 

Planning 
Period 

and Treatment Project 

11 

Changning Shuikoushan 
Dongsheng Nonferrous 
Metals Metallurgical and 
Chemical Co. Ltd.: 
Comprehsive Treatment 
Project 

Build lead and cadmium wastewater treatment project; adopt 
chemical precipitation method; improve wastewater recycling 
system and realize zero discharge. 

New 
Build 

2011- 
2012 

12 

Changning Shuikoushan 
Economic Development 
Zone: Wastewater Advanced 
Treatment and Recycle 
Project 

Design capacity of continued construction is 10,000 tons per 
day. By adopting electric flocculation method, perform 
advanced treatment and cyclic utilization of heavy metal 
contained ground washing water, rainwater and sewage from 
43 heavy-metal involved enterprises and Shuikoushan 
Metallurgical and Chemical Co. Ltd. in Shuikoushan Economic 
Development Zone.  

New 
Build 2010 

13 

Changning Songbai 
Metallurgical and Chemical 
Co. Ltd. : Wastewater 
Treatment Project of Dayu 
Chemical Plant  

Build a wastewater advanced treatment facility with the 
treatment capacity of 86m3/d; improve wastewater recycling 
system. 

New 
Build 2010 

14 
Wastewater Treatment 
Project of Changning Kaihua 
Chemical Industry Co. Ltd. 

Together with the Sulfuric Acid Manufacture Project of “60,000 
to 150,000 ton and water washing to acid-washing” now being 
implemented by the Company, renovate former wastewater 
treatment system, perform sewage separation, and advanced 
treatment and cyclic use of wastewater; realize zero discharge 
of acid-production wastewater. Treatment capacity is 6,000 
m3/d. 

New 
Build 2010 

15 

Hunan Shuikoushan 
Nonferrous Metal Group Co. 
Ltd: Collective Treatment 
and Zero Discharge of 
Heavy Metal Wastewater 
from Lead and Zinc 
Beneficiation and Metallurgy 

Perform sewage separation and rainwater and sewage 
separation for wastewater from 3rd, 4th, 6th, and 8th Metallurgical 
Plant; through advanced treatment of surface filtration, mineral 
processing wastewater will be reused for beneficiation, and 
some water will be used as replenish water for smelting; 
scattered smelting waste water will be collectively advanced 
treated through electric flocculation method, and the treated 
waste water will be reused. Treatment capacity is 9000m3/d.  

New 
Build 2010 

16 

Songjiang Industrial Zone: 
Comprehensive Treatment 
of Heavy Metal Contained 
Waste Water 

Adopt chemical method plus electric flocculation method to 
treat wastewater, initial rainwater, ground washing water from 
metallurgical and chemical enterprises within the Industrial 
Zone. The treatment capacity is 3,000 ton per day. 

New 
Build 2010 

 
Table 3.4: Summary of projects to control heavy metals in wastewater 

from industries in the wider study area 
No. Name of Project Content of Project 

(Capacity, Technology, Main Facilities, etc.) 
Project 
Type 

Planning 
Period 

1 

Hunan Shuikoushan 
Nonferrous Metal Group Co. 
Ltd: Comprehensive Utilization 
Project of Heavy Metal Waste 
Residue 

Comprehensive use of hazardous waste residue produced by 
the Corporation, and recover valuable metals; build new 
hazardous residue treatment yard and smelting slag treatment 
yard; the Songbai slag yard that finished service period will be 
seal-up for safekeeping after recycling heavy metals through 
comprehensive resource utilization; build a comprehensive 
utilization project with the 400,000 tons capacity of tailings 
utilization.  

New Build 2010 

2 

Songbai Town of Shuikoushan 
Area of Changning City: 
Reduction and Harmless 
Treatment Project of Historical 
Left-over Heavy Metal Solid 
Residues  

Taking long-standing industrial waste residue yard in Zhupo 
Villiage of Songbao Town as the centre, collect and separate 
one million ton industrial solid waste along Songbai Metallurgy 
Road; perform reduction and harmless treatment to common 
industrial solid waste through brick making; and perform 
comprehensive and harmless treatment of solid wastes 
containing heavy metals. 

New Build 2010 
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No. Name of Project Content of Project 
(Capacity, Technology, Main Facilities, etc.) 

Project 
Type 

Planning 
Period 

3 

Hengyang Songjiang Industrial 
District: Treatment Project of 
Environment Polluted Waste 
Residue 

Perform comprehensive treatment for the 1.2 million tons of 
open stockpiles of waste residue left over in the district. New Build 2010 

4 

Zengjia Rivulet and Kangjia 
Rivulet of Songbai Town: 
Treatment of Heavy Metal 
Sediments Pollution 

It is planned to dredge 200 m3 of residue along about 15,000m 
of the Zengjia Rivulet and Kangjia Rivulet; perform safety 
hardening treatment to heavy metal contained in the bottom 
sediments through engineering measures. 

New Build 2010 

5 

Hengnan Longfeng 
Metallurgical and Chemical 
Co. Ltd.: Comprehensive 
Treatment of Arsenic  and 
Cadmium Contained Waste 
Water and Residues 

Renovation and extension of comprehensive treatment facilities 
for arsenic contained waste residues. New Build 2011- 

2012 

6 

Hengyang Dingli Lead Industry 
Ltd.: Comprehensive 
Treatment of Lead Contained 
Exhaust Gas and Waste 
Residues 

Renovation and extension of comprehensive treatment facilities 
for arsenic contained waste residues. New Build 2011- 

2012 

7 

Hengyang Baisai Chemical 
Industry Ltd.: Comprehensive 
Treatment of Lead and 
Cadmium Contained Waste 
Gas and Residues 

Build solid lead waste stockpile that in compliance with 
environmental protection requirements; stockpile volume is 3000 
tons. 

New Build 2011- 
2012 

8 

Changning Chunhua Industrial 
and Trading Co. Ltd.: 
Comprehensive Treatment of 
Lead and Cadmium Contained 
Waste Water and Residues 

Build solid lead waste stockpile that in compliance with 
environmental protection requirements; stockpile volume is 1500 
tons. 

New Build 2011- 
2012 

9 

Longxi Mining Industry Co. 
Ltd.: Comprehensive 
Environment Treatment 
Project 

Build a special solid waste treatment yard with a total capacity of 
two million tons; yearly treatment capacity of gold waste residue 
of 106,000 tons; recover vegetation on 100 mu hilly lands that 
damaged by mineral separation.  

New Build 2011- 
2012 

10 

Comprehensive Treatment 
Project of Heavy Metal 
Polluted Soils in Shuikoushan 
Area 

Perform chemical and biological recovery to 6500 ha lands 
mingled in moderate contaminated area; and change to plant 
other commercial crops in mild contaminated area.  

New Build 2011- 
2012 

11 
Resettlement Project for 
Heavy Metal Contaminated 
Area of Shuikoushan 

Implement integral resettlement of 6,000 people living in the  
hazardous area of Shuikoushan Nonferrous Group Co. Ltd. New Build 2011- 

2012 

12 
Soil Treatment Project of 
Hengnan Songjiang Industrial 
District 

Perform treatment and restoration to the 5.5 km2 heavy metal 
contaminated soils within and surrounding the industrial district. New Build 2013- 

2015 

13 
Waste Residue and Soil 
Treatment Project for Yaotian 
District of Leiyang City 

Perform restoration to the 2000 mu heavy metal contaminated 
soils in Yaotian District of Leiyang City New Build 2013- 

2015 

14 

Comprehensive Treatment 
Project of Heavy Metal 
Contaminated Soils in 
Zhoushi, Liushi and Baogai 
Districts of Hengnan County 

It is planned to eliminate the 1800mu heavy metal (arsenic) 
contaminated soils in four areas of Hengyan County (i.e. 
Zhoushi Metallurgical Plant, Zhoushi Hongli Lead and Zinc Mine, 
Hengnan Liushi Metallurgical Plant, and Baogai Hengjiang Gold 
Mine) through vegetation recovery, soil replacement and other 
measures.  

New Build 2013- 
2015 
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4. DESCRIPTION OF THE PROJECT 
 

4.1 Type of Project 
 
240. The proposed Project concerns the construction of a multi-purpose river barrage and 
associated works to improve the navigational draft and port facilities for shipping along a 50 km 
reach of the Xiangjiang River from the proposed Tugutang barrage near Zhoujia Laowu town to 
the Jinweizhou barrage upstream. The main components of the project are: 
 

• A new multi-purpose barrage across the Xiangjiang River, incorporating from 
east to west a ship lock, sluice gates, a hydro-electric power station and 
associated facilities, and a fish pass. 

• Two new riverside ports, Yunji port near Hengyang City some 9 km downstream 
of the proposed barrage and Songbai port in Changning about 16 km upstream 
of the proposed barrage. 

• Dredging to deepen the Xiangjiang River downstream from Jinweizhou barrage 
and the confluence between the Yishui tributary and the Xiangjiang River, over 
c2 km through Tugutang Barrage and in the upper reaches of the Dayuando 
Complex reservoir downstream of the Tugutang Barrage. 

• Various works related to the inundation of the newly created reservoir including 
resettlement and the relocation of assets.  
 

241. The proposed scheme is the second to last of nine river barrages required to upgrade 
the Xiangjiang River to a Class III navigational river. The barrages have been designed for 
multiple purposes. The principal purpose is to improve navigation to Class III, and the main 
secondary purpose is hydropower generation. Revenue would only be generated by the 
hydropower component. In addition, the development offers potential to improve the reliability of 
water supply for irrigation and drinking water. 
  

4.2 Need for the Project 
 
242. A well connected and efficient multi-modal transportation network is vital for sustained 
economic growth to connect areas of production and consumption and improve the transport of 
goods in a secure, cost-effective and timely manner. The PRC has been investing in various 
modes of transport, including highways, railway, airports and inland waterways. To date 
investment in inland waterways has been lagging behind investment in other modes of 
transport. However, investment in inland waterways has received more attention since the mid-
2000s with the incorporation of inland waterway improvements in the national and provincial 11th 
FYPs and the preparation of the Development Plan for the Main Navigation Channel on the 
Xiangjiang River (2007). 
 
243.  In Hunan Province, the hilly country to the south and relatively narrow valley of the 
Xiangjiang River pose constraints to the development of both road and rail. Changsha is 
connected to the Pearl River Delta via the Beijing-Guangzhou Railway, the Beijing-Zhuzhou 
Highway and No. 107 National Road; and is linked with the Yangzhi River Delta via the 
Xiangjiang and Yangzhi Rivers and the Zhejiang-Jiangxi Railway. 
 
244. At present, navigation on the Xiangjiang River is poor, due to the low flows during the dry 
season and the many shallow shoals that impede shipping. The Tugutang section is currently 
Class V or VI. Dredging is not considered to be an option to improve navigation, but raising the 
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water levels with a cascade of river barrages combined with hydropower facilities is seen as an 
acceptable solution which provides additional benefits of energy production, which will help to 
ease power supply in Hengyang Municipality especially during the dry season, and security of 
water supply for irrigation. 
 
245. The development of the Xiangjiang River to a Class III navigable river provides a new 
link between the hinterland of southern Hunan with the Yangzhi basin and the major hubs of 
Wuhan and Shanghai serving national and international markets. River transport is ideally 
suited to bulk, low value, non-perishable cargos such as minerals and certain manufactured 
goods.  
 
246. The central economic development belt of Hunan Province is found along the Xiangjiang 
River. Some 70% of middle and large sized enterprises in Hunan are located in the Xiangjiang 
valley and the total industrial output along the river accounts for 60% of the whole province. The 
six largest cities along the Xiangjiang namely Yongzhou, Hengyang, Zhuzhou, Xiangtan, 
Changsha and Yueyang, account for 62% of GDP and 81% of the total volume of import and 
export trade in Hunan province.  
 
247. Appendix VII presents forecasts for the volume of freight taken from the Feasibility Study 
and, in some cases, updated by independent review and reported in the Task 1 Draft Final 
Report. The total volume of freight on the river has increased from 20 million tons in 2000 to 112 
million tons in 2009, an average growth rate of approximately 21% per annum. The transport of 
freight by inland waterways is expected to continue with investment in the capacity of the inland 
waterway and economic development in the region, with the volume of freight predicted to grow 
to 0.20 and 0.29 billion tons by the years 2020 and 2030 respectively. Freight will continue to be 
transported by highway and railway, in addition to the inland waterway. However, the railway 
capacity for long distance freight is approaching saturation.  
 
248. The construction of the Tugutang Complex is necessary to allow larger vessels to pass 
up the river, which will in turn bring economies through the lowering of transport costs and 
increasing the competitiveness of inland waterways against other forms of long distance travel.  
 
249. The Tugutang Complex is the second to last of the barrages to be developed on the 
Xiangjiang River and is required to complete the cascade. Without the Tugutang Complex, 
investment in the upstream barrages would be prejudiced. 
 
250. Water transport is more economic and environmentally friendly compared to other forms 
of transportation. The energy consumption of unit transport by turnover for water transport is 
about 65% of railways and 15% of highway transport. The CO2 emissions from water transport 
are less than half those for rail and 22% of those for highway transport. The permanent land-
take required to upgrade inland waterways is a fraction of the land required to construct railways 
and highways. 
 

4.3 Project Location 
 
251. The Xiangjiang River is an important tributary of the Yangzhi River. It flows generally 
south to north, joining the Yangzhi River near ChengLingji Yueyang city (Figure 4.1). The study 
area is located between Hengyang City and the Jinweizhou Complex (Figure 4.2). The 
proposed Tugutang River barrage is located approximately 4.1 km upstream of the Xiangjiang 
Bridge, Hengnan County, 29 km upstream of Hengyang City, and 58 km downstream from the 
Jinweizhou Complex.  



61 

 

252. The site chosen for the barrage lies in a relatively straight section of the river, with low 
lying river terraces and hill country on either side of the river (Plate No. 4.1). The river terraces 
are farmed with paddy rice and houses are located on slightly higher ground, preserving the 
best land for farming and avoiding flood risk (Plate No. 4.2). There is little natural vegetation as 
the river is canalized between flood embankments and the land is farmed. Irrigation is practised 
at an artisanal level, with farmers pumping water directly from the river and into the fields. There 
are relatively few houses near the proposed construction site. The village of Pengci in Hengnan 
County lies approximately 500m to the west on the right hand bank.  
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Figure 4.1: Location Map 
 

 
Source: Hunan Xiangjiang Nnavigation, Construction and Development Company Limited. 
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Figure 4.2: Study Area of the Tugutang barrage and ports at Yunji and Songbai 
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Plate No. 4.1: Site of the proposed barrage Plate No. 4.2: The left hand bank for the 
proposed barrage 

  
Plate No. 4.3: Proposed Yunji Port location Plate No. 4.4: Site of proposed Songbai Port 

 
 
253. The proposed site for Yunji Port is located in Hengyang City and about 5 km 
downstream of the main Hengyang City road bridge. The site is also located close to the 
proposed Hengyang Industrial Development Zone and new airport. This site has good access to 
the main road network, sources of goods for export and markets for imported goods. The site is 
currently wasteland, with a dirt track providing access to the river bank where there is sand 
landing stage. This site is not environmentally or socially sensitive. 
 
254. The proposed site for Songbai port is located approximately 16 km upstream of the 
Tugutang barrage. The site itself lies in the countryside and is currently accessed by rural roads 
and through the narrow streets of Songbai town. Access would need to be improved for heavy 
goods vehicles. The site is currently farmed for vegetables. 
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4.4 Description of the Main Project Components 
 
255. The construction of the Tugutang multi-purpose river barrage will raise the water levels 
in the reach upstream to an elevation of 58 masl. The depth of draft normal operating conditions 
will vary from about 8-9m near the barrage and decrease upstream to a minimum standard of 
about 2m. Much of the main river is already embanked to provide flood protection against a 
standard of 1:20 years. However, the tributaries in the upper reach are not embanked and the 
rise in water levels will result in semi-permanent inundation.  
 
256. The main components of the project are as follows:  
 

• Construction of the Tugutang river barrage to raise water levels and flood 
dangerous shoals along a 50 km reach.  

• Construct a hydropower station as part of the barrage with a total installed 
capacity of 90MW and normal annual energy output of 358.2 MkWh.  

• Provide two new river wharves for handling goods for export downstream 
and import upstream. 

• Undertake various works in the areas affected by inundation including 
resettlement of farmers and removal and replacement of structures and 
assets.  
 

257. The proposed scheme has been designed to meet Class III navigation channels, which 
requires sufficient draft to accommodate the year-round safe navigation of ships up to 1000t. 
Key engineering properties of the proposed project are summarised in Table 4.1. 
  
258. Tugutang River Barrage. The proposed barrage incorporates from east to west (right to 
left bank) a ship lock; sluice gates and stilling basin; hydropower complex; and a fish pass.  The 
barrage has been designed to pass / discharge a flow with a 1:50 year return period and verified 
as structurally able to withstand a catastrophic flood with a 1:500 year return period. A 5 m wide 
maintenance road will be provided along the back of the barrage but under the current 
arrangement, the road will not run the full length of the structure. An artist’s impression of the 
barrage is shown in Figure 4.3 and the general arrangements are shown in Figure 4.4. 
 
259. Ship Lock. The ship lock is located on the east side of the barrage. It comprises a single 
lift, one lane Grade III ship lock. The maximum design of water head is 10.1 m, given the lowest 
navigation level downstream of 47.9 m and the normal operating level of 58 m upstream. The 
total length of the ship lock, including braking, mooring, regulation, and navigation sections to 
the lock head chamber is 1300 m. The ship lock chamber is 180 m long x 23 m wide x 4m deep 
and would be capable of holding four 1000 t vessels. Sufficient land will be purchased in the 
current development to create a new ship lock on the right hand bank to carry larger vessels 
(2000 t) should future traffic growth warrant.   
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Table 4.1: Engineering Properties of Tugutang Multi-Purpose Barrage 
No. Item Unit Upstream Dam Site Remarks 

 Reservoir    
1 Normal water level masl 58.0  
2 Dead water level masl 57.0  
3 Reservoir capacity  108m3 1.97 At normal water level 
4 Reservoir area km2 31.9 At normal water level 
5 Backwater length of reservoir 

area 
km 50 Main stream of Xiangjiang River 

6 Permanent land occupation 
- Dam Site 
- In total 

ha  
68.5 
596 

 

 Buildings of the Complex    
 Discharge Structure    

7 Designed flood discharge m3/s 17,300 A 50 year return period 
8 Flood height masl 65.03 Without dam 
9 Check flood flow m3/s 22,100 A 500 year return period 

10 Flood height masl 67.74 Without dam 
11 Barrage crest elevation masl 70.5  
12 Width of sluice gate m 20  
13 Weir crest elevation masl 47.5  
14 Weir length m 29  
15 Length of stilling basin m 28  
16 Max. height of the dam m 30.2 Includes foundations 
17 Max. design working head m 10.1  
18 Gate size (width x height) m 20 x 11  

 Navigation Structure    
19 Annual design throughput 104t 710 Single line lock 
20 Upstream max. navigable 

water level 
masl 62.5  

21 Upstream min. navigable 
water level 

masl 55.2 Minimum operating level 

22 Downstream max. navigable 
water level 

masl 62.36  

23 Downstream min. navigable 
water level 

masl 47.9  

24 Max. navigable discharge m3/s 13,500  
25 Min navigable discharge m3/s 150 Reliability 98% 
26 Effective dimensions of the 

ship lock 
m 180 x 23 x 3.5 Length x width x water depth at sills 

27 Fleet dimensions m Short term: 160 x 10.8 x 2 
Long term: 167 x 21.6 x 2 

Length x width x draft 

 Power Station    
28 Total installed capacity MW  90  
29 No. units Unit 4  
30 Unit capacity MW 22.5  
31 Annual utilization hours h 3,980  
32 Annual energy output 108kWh 3.582  
33 Max operating water head m 9.8  
34 Min operating water head m 3.0  
35 Rated head m 5.8  
36 Introduced flow for single unit m3/s 442.8  

 Fish Pass    
37 Type  Upright one-side vertical 

seam type 
To be confirmed 

38 Length m 773.7  
 
260. Sluice Gates. The main barrage is a large reinforced concrete structure 29 m wide 
containing 17 radial steel sluice gates. Each gate is 11 m high and 20 m wide separated by 3 m 
wide piers and with a total discharging width of 340 m. The gates will be raised hydraulically, 
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with the crest elevation of the concrete sill set at 47.5 m and the top of the structure at 70.5 m. A 
stilling basin 28 m long downstream of the gates will prevent scour of the river bed.  
 
261. Hydropower Complex. The hydropower station will be located on the left hand side of the 
barrage and river bank. It comprises four turbine units in the barrage, power house, tailrace, 
transformer yard and transmission lines to connect to the regional electricity network located on 
the west side of the barrage. Alongside a 5m wide discharge sluice has been positioned to 
capture floating debris such as logs and discharge them past the turbines. 
  
262. Fish Pass. The fish pass is located on the west bank to the left of the power station. The 
downstream entrance is located below the tailrace where fish collect attracted by the generation 
tail water. The base height of the fish channel is 48 m. The junction of the main fish entrances 
and the fish channel is located on the left sidewall of the tailrace. The fish inlet passes along the 
flood wall and connects with fish entrances at 50 m and 52 m elevations to allow for varying 
flood water levels. The fish pass comprises a sequence of stepped cells and resting pools which 
rise to an elevation of 59 m before re-entering the river. The total length of the fish pass is 
773.7 m, consisting of 192 compartments and 21 flat bottom resting chambers. 
  
263. River Ports. Two new river ports will be constructed. The port at Yunji in Hengyang City 
lies some 5 km downstream of Tugutang and will be constructed on the left hand bank of the 
river. The port at Songbai is located some 16 km upstream of Tugutang and will be constructed 
on the right hand bank of Xiangjiang River.  
 
264. The river port at Yunji will be developed in two phases. In Phase 1, the river port will be 
designed to accommodate a 1000 ton cargo vessel. The port will be 100m long and 98m wide, 
with a total Phase 1 development area of 1.45 ha (21.82 mu). The main structural features 
comprise: a masonry retaining wall, two rows of piles at 7m spacing, and a concrete 
reinforcement bearing platform on top of the piles. The piling and platform construction will be 
conducted during low flows. The platform floor will lie at an elevation of 50.5m. A new Grade II 
road, 175m long, will be required to connect the port with Yunji Avenue. In Phase 2, which would 
be constructed at some time in the future, the port would be extended by 82.5m, amounting to 
182.5m maximum extension. At present there is a small landing stage for river sand. In the 
future, the main cargo for Yunji Port would be raw materials and products from the Hengyang 
Industrial Development Zone. 

 
265. The river port at Songbai will be developed in up to three phases. In Phase 1, a new 
berth 100m long and  extending 138m  inland  will be constructed for 1000-ton cargo vessels 
and the total area of the site developed would be 2.14 ha (32.09 mu). A new Grade II road about 
481m long will be constructed to connect with Wasong Road. The main structure comprises a 
grouted stone retaining wall located 15m forward of the existing bank, about 13m high, and 
backfilled with sand and gravel to form a straight bank alignment. In Phases 2 and 3, the berths 
will be extended by 77.5m and 82.5m respectively reaching 260m. The main cargo would be 
bulk products from mines in the area and river sand. Some of the existing small ports in the area 
may remain in operation, but a new fitted port would be expected to dominate trade. The 
existing road access via Songbai town is poor and a new road access to the main highway 
network would be needed. 

 
266. The proposed new port at Yunji is linked to the development of an industrial park, which 
is being implemented by the government. It is expected that the industrial park will generate 
produce, which would then be shipped downstream to their markets. Similarly, the development 
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of cargo volume also depends on the production of minerals and agricultural produce in the 
hinterland. The proposed new port at Songbai is a navigation stop for the benefit of the local 
community and local industries. It does not support an industrial park or other development 
plan. 
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Figure 4.3: Proposed Arrangement For The Tugutang River 
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Figure 4.4: Layout of the Proposed Scheme 

 Source: Hunan Xiangjiang Navigation, Construction and Development Company Limited. 
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264. Existing Land Use and Land Take.  A summary of existing land uses for the permanent 
works is provided in Table 4.2. Most land (62%) is affected by inundation caused by the creation 
of the reservoir, which is mostly paddy and grassland. This excludes 221 hm2 of low lying paddy 
which will be raised and restored to agricultural use to protect it from inundation. Only about 4% 
of the land affected is woodland. The permanent land take required for the barrage and two 
ports is relatively small, and accounts for 8% of the total permanent land take.  

Table 4.2: Current Land Uses of the Permanent Land Take Sites (hm2) 

Location Rice 
paddy Dry land

Trees/ 
Wood-
land 

Grass-land Water River 
beach Other Total 

 M
ain structure 

Dam site 

Dam site 38.16 2.50 1.24 6.19 4.64 0.00 2.16 54.89 
Undisturbed 
area 

6.73 0.44 0.22 1.09 0.82 0.00 0.38 9.68 

Yunji Port 0 0 0 0 0 2.14 0 2.14 

Reservoir 

Songbai Port 0 0 0 0 0 1.45 0 1.45 

Land raising 221.49 0 0 0 0 0 0 221.49

Inundation 2.40 0.24 0 0 0 0 0.03 2.67 

Roads 2.91 1.45 0.62 0.58 0 0 0 5.56 

Resettlement and 
facility 
reconstruction 

Resettlement 
area 

0 1.04 0.69 0 0 0 0 1.73 

Facility 
reconstruction  

0 0 5.27 9.55 0 0 2.60 17.42 

Reservoir inundation area 284.23 6.05 29.27 164.08 19.01 22.09 2.73 527.46

Total 555.92 11.72 37.31 181.49 24.47 25.68 7.90 844.49

 
265. A further 177 hm2 is required for temporary construction sites, including temporary roads, 
borrow areas, stockpiles and spoil disposal sites (Table 4.3). The most significant activity is the 
soil collection from naturally vegetated hill slopes to provide earth for land raising in the 
inundation areas, which account for almost half of the land area affected (87.26 hm2). This is 
followed by sand stockpiles. 

Table 4.3: Current Land Uses for the Temporary Construction Sites (ha) 

Construction sites Rice paddy Dryland 
farm Woodland Grassland Water River beach Other Total 

Temporary construction 2.44  0 1.14  0 1.05  0 0.02  4.65  

Temporary roads 0 0 0.00  1.30  0 0 0 1.30  

Stone stockpiles 0 0.25  1.00  1.75  0 0 0 3.00  

Sand stockpiles 0 0 0 56.00  0 11.50  0 67.50  

Soil stockpiles 0 10.00  57.79  19.47  0 0 0 87.26  

Spoil dumps 4.34  0.48  4.92  4.26  0 0 0 14.00  

Total 6.78  10.73  64.85  82.78  1.05  11.50  0.02  177.71 
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4.5 Ancillary Facilities for the Tugutang Barrage 
 

266. Quarries and Borrow Pits. Rock will be required for masonry, dry stone placement, 
riprap for scour protection, and slope and toe protection for the cofferdam diversion. The rock 
will be purchased from existing quarries in Teishi and Chejiang on the left bank and Baimianshi 
on the right bank and a new stone quarry in Pengci. Teishi Stone Block Quarry is located about 
11.5 km from Chejiang Town. It is a former quarry that used to provide material for road 
construction. Pengci Quarry is located about 2 km upstream of the dam site on the right bank. 
Baimianshi Quarry is located about 38 km via highway on the right hand bank. The existing 
quarries are licensed. 
 
267. Sands and gravels. Sand and gravel are required for backfilling and concrete works. 
Four sources have been investigated: Luoshazhou, Yuezhou, Xipizhou and Zhengshi, with total 
reserves of 1.36 million m3. The first three sites are islands in the main stream, while Zhengshi 
is located on the left bank of the river. Loushazhou is located close to the upstream side of the 
proposed barrage and Yuezhou is located about 6 km upstream. These two new aggregate 
sites have been approved by the Water Resource Bureau for this project. Dredging of this 
material has the benefits of deepening the river to provide draft, obtaining a source of aggregate 
devoid of vegetation, and avoiding impacts on land resources. The disbenefits are that dredging 
causes a temporary reduction in water quality and on aquatic life, including fish and benthos 
living on or in the bottom sediments. The Xipizhou sand site lies below the normal water level 
and would have to be dredged underwater. Zhengshi is located some 49 km away by highway 
and is the least favoured site.  
 
268. Clays. Clay is required to reduce seepage for the cofferdam and to backfill the 
embankment constructed adjacent to the barrage to prevent flow by-passing the barrage.  Clay 
will be obtained from the material excavated for the ship lock on the right bank.   
 
269. Access. The construction sites are generally well served by water, road and rail access. 
The river downstream from the Hengyang section is suitable for class 1000-ton vessels but is 
Class V upstream of the barrage to Songbai. The local road network is well connected to the 
regional highway network. The left bank of the proposed Tugutang barrage lies 4 km from 
Hengnan County and 30 km to Hengyang City. On the right bank, it is 2.5 km to National 
Highway 107. The Hengnan Bridge located 4.1 km downstream of the proposed dam site links 
roads on both sides of the river. The Beijing to Guangzhou and Hunan to Guangxi Railways 
intersect at Hengyang railway station. 
 
270. Large hydropower turbines and other machinery would be brought in by ship and the 
aggregate won from the Xiangjiang River would be brought to site by the dredger. A lot of the 
construction materials would be brought to the construction sites via the highway network, 
especially other building materials, such as stone, clay, and earth, steel work, and cement.  
There are no specific requirements to close the road to bring in large loads. Road movements 
would generally occur during the day, although it may be necessary to transport some materials 
such as concrete at night. Bulky construction materials sourced from outside the region could be 
transported by rail to Hengyang, and then be transferred to other modes of transport and 
brought to site for example, large machines and steel work. 
 
271. Some 4.7 km of new roads will be constructed within the Tugutang Barrage site to 
provide access to the ship lock, slag yard and aggregate processing system on the right bank 
and access to the living quarters and aggregate concrete processing system on the left bank. 
 



73 

 

272. Spoil Disposal Sites. Based on estimates of cut and fill, some 760,000 m3 of excess of 
spoil will be generated. Two spoil disposal sites have been identified one on each side of the 
river (see Figure 4.4 and Table 4.4). The spoil disposal site on the left hand bank would be 
located on what is currently paddy on the river terrace alongside the dam and embankment. The 
land would be raised and could be used as a temporary construction platform. In the longer term 
the area would be restored to agricultural use. The spoil disposal area on the right hand bank is 
located in the bottom of a small valley about 700m away from the dam site. The proximity of 
these sites to the construction areas will minimize transportation distances and associated 
environmental pollution and nuisance for people living along haulage routes.  
 

Table 4.4: Characteristics of the Spoil Disposal Sites 
Side of 
river 

Location Topograph
y 

Elevati
on 
(masl) 

Availabl
e 
storage 
volume 
10,000 
m3 

Spoil 
volume 
10,000 
m3 

Land 
use 

Land 
area 
(m2) 

Catch-
ment 
area 
(km2) 

Remarks

Left 
bank 

0.5 km 
downstream 
of dam site 

Flat land 
with 10° 
slope 

60 to 67 35 30 Dry 
land, 
rice 
paddy 

5.0 1.4 Use as 
constructi
on 
program
me in the 
last 
phase 

Right 
bank 

1.5 km 
upstream of 
dam site 

Valley with 
slopes c20° 
on LHS 
and 30° on 
RHS 

30 to 74 50 46 Gardens 
shrub 
and 
trees 

9.0 0.5 Temporar
y 
constructi
on land 

Total    85 76  14 1.9  
 
4.6 Construction-Related Issues for Tugutang Barrage 

 
273. Construction Layout. The general construction layout for the Tugutang River Barrage 
is based on the needs to minimize impacts on farmland and farmers, achieve a balance of cut 
and fill, minimize waste generation, and maximize use of waste land. As far as possible 
temporary construction features will be located within the permanent land-take. Construction 
plant, warehouses, living and welfare facilities, aggregate processing and concrete batching will 
be located on both banks of the river. 
 
274. Construction works will mostly be undertaken by machinery assisted by labour. The 
labour force during the peak period is estimated at 1500. Two construction camps will be built 
for the workforce, one on each side of the river. 
 
275. Construction water will be required for construction, living and fire fighting. Peak demand 
for water is estimated to be 500 m3/hr and will be sourced from the Xiangjiang River from both 
banks. Electricity will be supplied from the local grid.  
 
276. Construction Phasing and Implementation. The total construction schedule is 42 
months. The construction programme commences with preparatory works from May to 
September in the first year, including construction of the internal site roads, excavation of the 
ship lock and power house slopes, construction of the concrete mixing and gravel processing 
systems, and construction of temporary housing, water and electricity supply, etc. The 
construction period for the main part of the project is 30 months from October in the first year to 
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March of the fourth year. The wrap-up period is 7 months from April to October of the fourth 
year. 
 
277. The construction of the barrage will be divided into two phases. Phase 1 covers the 
construction of the left bank power house and 7.5 of the sluice gates, while Phase 2 covers the 
right bank ship lock and the remaining 9.5 sluice gates. Phase 1 will take an estimated 11 
months and Phase 2 will take 13 months. To construct the works in the dry, a rock cofferdam 
with clay core will be installed around the works in each phase as illustrated in Figures 4.5 and 
4.6. The coffer dam has been designed to withstand a high water level between October and 
February with a return period of 1:5 years with a corresponding discharge of 4,480 m3/s. During 
Phase 2, river flow will pass through the constructed turbine units and sluice gates.  
 
278. During construction of the Tugutang barrage, navigation through the barrage 
construction site will be suspended. Vessels will dock at temporary jetties on the bank and the 
cargo removed and loaded onto separate vessels on the other side of the construction site. 
Shipping is already suspended due to the construction of an upstream barrage.   
 
279. Working Hours. Construction works will be on-going seven days a week, with normal 
site operation hours of 0800 to 1700. Some construction works may need to be undertaken at 
night, such as concrete transport and pours.  
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Figure 4.5: Phase 1 Works for the Power House and Western Sluice Gates 
  

 
 
 
 

Figure 4.6: Phase 2 Works For The Ship Lock And Eastern Sluice Gates 
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280. Construction Activities. Construction of the barrage, sluice gates, and hydropower 
plant will require excavations to bedrock. Uncompacted material (earth, sands and gravels) will 
be excavated by 88kw bulldozer and loaded by 2.0m3 backactors onto 15t dump trucks. Sandy 
gravels will be stockpiled, with suitable material processed for construction, used directly in the 
coffer dams, used in backfill, or removed to the spoil disposal sites.  
 
281. Rock excavation will be conducted in layers down to the required depth. The rock will be 
drilled using 01-30 type hand-held drill followed by manual placement of charges and blasting. 
The side slopes and basement surface will be removed by pre-split blasting. Some of the spoil 
will be used to fill the cofferdam and the remaining materials will be removed to the spoil 
disposal areas. 
 
282. The structures will be constructed of reinforced concrete. Once the concrete is above 2m 
consolidation grouting will be undertaken using a 01-30 type hand-held drill and pumping the 
grout into place. Curtain grouting will be performed using a 150 type geological drill and 
pumping grout into place. 
  
283. Roller-compacted concrete will be transported to site in 10t dump trucks and spread and 
levelled by a 88kw bulldozer, and rolled and compacted using vibratory rollers. At higher 
elevations the concrete will be transferred into 3 m3 horizontal buckets and lifted by a gantry 
crane and/or a caterpillar crane, poured into position and compacted by an electric vibrator. 
 
284. Aggregate for construction will be dredged from the islands upstream using a 250m3/h 
ladder dredger, transported by sand barge, and transferred to the river bank via conveyor belt. 
The material would then be used for backfill and excess disposed of at the spoil sites.  
 
285. A concrete batching plant will be set up on construction sites on both banks of the river. 
The concrete will be carried by dump truck and poured as described above.  
 
286. Bank protection works will involve slope excavation, the construction of rock filled 
gabions, and the placement of the rock cages, stone masonry, and rip rap.  
 
287. Dredging will be undertaken to provide sufficient draft through shallow sections of the 
channel. Different types of dredgers are available, but a cutter suction dredger is most likely. 
About 13,000m3 of dredging is required through the Tugutang reach. 
 
288. Bill of Quantities. The detailed BOQ for the project is being prepared and the current 
estimated quantities for the Tugutang River Barrage and the river ports are listed in Tables 4.5 
and 4.6.  
 

Table 4.5: Estimated Quantities for the Tugutang River Barrage 
No.  Item Unit Total Quantity, m3

1 Earth-rock excavation  104m3 179 
2 Concrete 104m3 71.3 
3 Dredging 104m3 30 
4 Reinforcement 104t 1.79 
5 Curtain and consolidation grouting 104m 3.5 

Source: 2010, FSR. 
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Table 4.6: Estimated quantities for the Yunji and Songbai Ports 
Project Unit Yunji Songbai 
M 10 mortar laid stone m3 6,808 7,014 

Earthwork stone excavation m3 37,696 4,870 

Earthwork stone backfill m3 19,074 7,410 

Dredging m3 23,941  

heap m2 3,460 3,395 

Warehousing m2 1,134 1,134 

Parking lot m2 484 467 

Office buildings m2 540 540 

Roads inside the port m2 3,731 3,545 

Roads leading to the port linear metre 175 468 
 
289. Construction Wastewater.  Drainage water from the construction site would include: 
seepage water behind the cofferdam, groundwater pumped from excavations, construction 
wastewater and rainwater. Most of the water is likely to be rainwater, which will not be polluting. 
Seepage water would have similar characteristics to the river water or groundwater depending 
on the source. The construction wastewater after the wastewater treatment is reused to the 
construction. 
 
290. The largest volume of construction water generated on site is expected to come from the 
sand washing facilities. An estimated 1.81 million t of aggregate is required for concrete. Wash 
water from the rock and sand processing is characterised by high levels of suspended 
sediment. The proposed capacity for the wash water treatment system is 380 m3/hr and 280 
m3/hr on the left and right banks respectively. Assuming that 10% of the water is lost to 
evaporation, seepage or is bounded to the aggregate, the wastewater produced would be in the 
order of 342 m3/hr and 252 m3/hr, or 0.095 m3/s and 0.07 m3/s on the left and right banks 
respectively.  
 
291. Wastewater from concreting activities would have high pH (11-12) and suspended 
sediment levels (possibly 2,000 mg/l). The volumes of wastewater are estimated to be 40 m3/hr 
in the peak and 120 m3/day. The wastewater is flushed after each 10 minute shift, discharging 
about 0.07 m3/s.  
 
292. Oil pollution in the river may occur as a result of fuel leaks from vehicles, plant and 
machinery. Oily wastewater comes from the maintenance and repair of plant. The quantity of 
wastewater is estimated to be small – wastewater from workshops would typically be 30m3/d 
and 1.2 m2/h. 
  
293. Domestic wastewater consists of washing, showering, and sewage from the canteens 
and offices. The maximum labour force is estimated to be 1,500 people during the peak period. 
Assuming water consumption of 250 l/cap/d, the discharge of wastewater is estimated to be 360 
m3/d. The wastewater would be characterised by high organic contaminants as indicated by 
BOD and COD, ammonia, suspended solids, oil and grease, and bacteriological contaminants. 
A bio-filter wastewater plant will be installed on each bank of the river to treat domestic 
wastewater.  
 
294. Construction Noise. Construction noise will arise from many activities on site including: 
earth excavation, blasting, concrete batching and pouring, sand washing system, construction 
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vehicles, etc. The noisiest activities are expected to be the blasting.   
 
295. Air Pollution. There are two types of air pollution: dust from earthworks, aggregate 
handling, concreting and transportation, and the second is exhaust emissions from machinery 
and vehicles. The main pollutant on construction sites is dust as measured by Total Suspended 
Particles (TSP).  
 
296. Restoration. Where appropriate, temporary construction sites will be restored including 
sowing grass, planting turf and shrubs, and restoring land to agricultural use. 
  

4.7 Reservoir Inundation and Resettlement 
 
297. The Tugutang barrage will create a reservoir with an area of 31.9 km2 at normal 
operating level and a backwater length of 50 km up to the Jinweizhou barrage. This will result in 
inundation of land in three counties, namely Hengnan County, Changning County, and Leiyang 
County, affecting 13 townships and 81 villages. The proposed reservoir area and dam site would 
require a total area of permanent land take of 596 ha (8,940 mu). The details are provided in 
Table 4.7 and the location of flooded areas is shown in Appendix VII.  
 
298. In the reservoir area, an estimated 831.66 m2 of houses and 7911.75 mu of land will be 
inundated. Of the 7911.75 mu of inundated land, 55% (4354.19 mu) comprises cultivated land, 
5.5% (438.99 mu) is woodland, 3.6% (285.11 mu) are ponds, and the remaining 31% (2461.21 
mu) is classified as other land.  
 
299. At the Tugutang Dam site, the works will affect Xintangzhan, Baohe and Binghe Villages 
in Yunji Town, Hengnan County and Pengci Village in Xiang Town. The permanent land take 
required for the physical works totals 68.5ha (1028.18 mu), of which 70% is currently paddy rice 
and 5% is dryland agriculture.  
 

Table 4.7: Summary of Assets Affected by Inundation 
 Items Unit Number 

A Rural Part   
Ⅰ Land  7911.75 
(a) Farmland  4354.19 
1 Paddy Field mu 4263.46 
2 Dry Land mu 90.73 
(b) Pond mu 285.11 
(c) Woodland  438.99 
1 Commercial Forest mu 133.28 
2 Shrubbery mu 305.71 
(d) Overflow Land mu 17 
(e) Wasteland mu 2461.21 
(f) Traffic Land mu 39.77 
Ⅱ Buildings   
(a) Public House  831.66 
1 Brick Concrete m2 126.81 
2 Brick Timber m2 46 
3 Auxiliary House m2 658.85 
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 Items Unit Number 

(b) Auxiliary Facilities   
 Sunning Ground m2 441.5 
Ⅲ Subsidiary Business Facilities   
1 Grit Ground  58 
2 Canal km 43.57 
3 Well  72 
4 Siphon Pipe m 60 
B Specific Part   
(a) Traffic Facilities   
1 Simple Road km 1.895 
2 Tractor Road km 6.03 
3 Pedestrian pavement (rural paved footpaths) km 5.668 
4 Bridges and Culverts  17 
5 Highway Bridge  13 
6 Car Ferry  9 
7 Passenger Ferry  177 
8 Sand Terminal  60 
9 Freight Terminal  16 

(b) Power Facilities   

1 220v Line km 0.95 

2 380v Low Voltage Line km 21.8 

3 10kv Line km 7.21 

(c) Telecommunication Facility   

1 Cable km 8.58 

2 Optical Cable km 14.13 

(d) Water Conservancy and Hydropower 
F iliti

  

1 Irrigation Stations place 1 

2 Culvert with Gate place 34 

3 Culvert place 98 

4 Culvert Pipe place 28 

5 Water-retaining Dam Place 30 

6 Hydropower Station place 3 

(e) Auxiliary Facilities of Industrial and Mining 
E t i

  

1 River Gas Station place 1 

2 Drain Outlet place 1 

3  Intake for Water Treatment Works place 2 

Note: 1 ha = 15 mu. 
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300. Reservoir Protection Measures. The project includes two types of measures to offset 
the impact of land-take from the works and reservoir creation. 
 

• Farmland Protection. In order to mitigate inundation and waterlogging of 
farmland, it is proposed to raise the land at some 45 locations to about 59 masl. 
This measure will reduce the area of farmland flooded from 290.2 ha (4354.19 
mu) to 68.9 ha (1033.58 mu), a reduction of 76%. The material required for land 
raising will be taken from nine sites in nearby hills and spread on low lying 
farmland (See Table 4.8). The donor soil areas will be treated with soil and water 
conservation measures. The soils in the area to be flooded are not of sufficient 
quality to be re-used in agricultural land. 
 

Table 4.8: Summary of borrow sites for earth 

Location Distance 
km 

Depth  
m 

Gross 
volume 

10,000m3 

Net 
volume 

10,000m3 

Area 
hm2 Existing land type 

Lipingcun 1.0 5 41 34.4 6.88 Forest and grassland 

Shitang 1.0 6 25 20.7 3.45 Forest and grassland 

Yanqingtang 1.0 4 74 61.8 15.46 Dryland farming, forest and grassland 

Songjiangzhen 1.0 6 23 18.8 3.29 Forest and grassland 

Zhuchongcun 1.0 5 92 76.8 22.36 Dryland farming, forest and grassland 

Yushi 1.0 3 20 16.5 4.43 Forest and grassland 

Xiangjiang 1.0 3 28 23.5 7.83 Forest and grassland 

Mashicun 1.0 6 18 14.6 4.86 Forest and grassland 

Songbaizhen 1.5 5 122 101.6 18.7 Dryland faming, forest and grassland 

Totals   443 368.7 87.26  

 
• Reservoir Bank Protection. Flood embankments have been raised along both 

banks of the Xiangjiang River. The embankments are composed of silty clay and 
clay built on the alluvial river terraces and occasionally on bedrock. The 
embankment slopes are subject to bank erosion, especially during high flows due 
to scouring or prolonged immersion by floodwaters. Nineteen sites suffering from 
slope collapse have been identified, extending over 47.2 km in total (see 
Appendix VII for their locations). The situation is likely to worsen with the scheme 
in place due to the raising of the water levels, wave erosion, and bank and bed 
erosion. It is proposed to carry out repair works to 40.3 km of the identified 
sections, and to keep the remaining 6.9 km of bank on a watch list to be 
monitored after inundation and repaired if necessary.    
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301. Resettlement Plan. The plan will consider three lines of action: resettlement of people 
in the reservoir area; resettlement of people in the dam area; and relocation of households in 
the dam area. 
 

• Production Resettlement in the Reservoir Area. The farmland impacted by 
the reservoir lies in 54 villages of 11 towns. Some 1,226 people will be 
resettled (rising to an estimated 1,233 by 2013) within the existing villages. It 
will be necessary to re-allocate farmland within and in some locations 
between villages so that the resettled people have access to land.  

• Production Resettlement in the Dam Area. In total it will be necessary to re-
allocate about 545.82 mu of farmland affecting an estimated 541 persons. 

• Relocation in the Dam Area. It will be necessary to relocate some 133 
households (550 people) from the dam site area (rising to 557 people by 
2013). The people will be resettled within their villages on dryland farming 
areas.  
 

302. Reconstruction plan for specific facilities. The inundation will impact upon existing 
industrial and mining enterprises, roads, water conservancy and hydropower facilities and 
electricity and telecommunication transmission lines, which will be relocated.  
 
303. Auxiliary Facilities of the Industrial and Mining Enterprise. A river fuel station, a drain 
outlet, and two in-takes for Water Treatment Works will be affected by the reservoir inundation. 
It is proposed to pay a single compensation fee to the facility managers to reconstruct these 
facilities.  
 
304. Traffic Facilities. The project will inundate an estimated 1.895 km of simple roads, 6.03 
km of tractor tracks, and 5.668 km of footpaths. It is planned to raise and reconstruct the simple 
roads and tractor tracks, and pay compensation to the farmers to restore the footpaths. Some 
191 bridges will be affected by the inundation, comprising 13 highway bridges, 14 tractor 
bridges and 164 pedestrian bridges. It is planned to reconstruct or strengthen the highway 
bridges and the tractor bridges, and pay farmers compensation to restore the pedestrian bridges 
by themselves.  
 
305. The scheme will affect a total of nine car ferries, 177 passenger ferries, and 131 
riverside docks comprising 55 floating docks, 60 docks for sand, and 16 freight docks. Following 
inundation, it would be possible to continue to use the docks and ferries in the reservoir area, 
but it will be necessary to pay compensation to maintain and strengthen the slope and toe of the 
docks and ferries which will be permanently submerged.  
 
306. Water Conservancy and Hydropower Facilities. The Lijiang Electric Pumping Station in 
Liajiang Town, Hengnan County will be affected, requiring the replacement of all mechanical and 
electrical equipment and the reconstruction of part of the works. 
  
307. There are numerous drains on the river whose operation would be jeopardised by the 
increased water levels. These comprise 30 culverts with gates, 98 culverts, and 28 culverted 
pipes, which will be reconstructed, relocated or closed.  
 
308. There are three hydropower stations on the Xiangjiang tributaries. The Lijiang and 
Daping Hydropower Stations will not be able to generate electricity after raising the water levels 
in the reservoir, so these facilities will be closed and the operators paid a single compensation 
fee. The Qinren hydropower station on the Chongling tributary will not be affected. The 30 
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water-retaining dams which will be inundated by the reservoir will be raised, strengthened, or 
abandoned and the owners paid compensation.  
 
309. Power Transmission, Transformer and Telecommunication Facilities. Inundation will 
affect a total of 0.95 km of 220v transmission line, 21.8 km of 380v transmission line, 7.21km of 
10kv transmission line, 8.58 km of telecommunications cable, and 14.13 km of optic cable. All of 
these power transmission and telecommunication lines will be relocated. 
 

4.8 Operation Mode 
 
310. The normal operating volume of the reservoir is 196.7 million m3 and the dead storage is 
168 million m3, with a regulation capacity of 28.7 million m3 and working depth of 0.5 m.  
 
311. Operation mode of the reservoir. The following modes of operation apply, including 
operation to attenuate flood flows: 
 

• When river flow is equal or less than the turbine rated flow of 1771.2 m3/s, all 
sluice gates are closed to maintain the normal water level at +58m, all inflow is 
discharged from the powerhouse and the turbine flow regulated accordingly; 

• When river flow is greater than the turbine rated flow but less than the minimum 
submerging flow of 1,800 m3/s, all units are under full operation with surplus flow 
to be discharged from one sluice gate with partial opening; 

• When river flow is greater than 1,800 m3/s (most probable in the wet season) and 
the flood alarm system indicates negative, the water level will be gradually 
reduced by opening successive sluice gates until all are opened, if necessary. As 
the flood subsides, the gates will be closed gradually in order to maintain the 
normal water level at +58m.  

 
312. Ship lock operation. Depending on the volume of traffic, the ship lock can be operated in 
a single shift, double shift or triple shift. When operating at triple shift, the ship lock would be 
working for 21 hours, with the ship lock in use about 28 times and a daily average water 
consumption of about 10 m3/s.  
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5. DESCRIPTION OF THE ENVIRONMENT 
 

5.1 Introduction 
 
5.1.1 Assessment Process 

 
313. The description of the potentially affected environment is organised under four major 
headings, in accordance with the ADB Environmental Assessment Guidelines (2003): 
 

• Physical Resources – climate and air quality, topography, geology and 
hydrogeology, soils, surface water resources and water quality; 

• Biological Resources – terrestrial habitats, flora and fauna; aquatic flora 
and fauna including fisheries; and nature reserves; 

• Economic Development – economic sectors, industry, infrastructure 
facilities, land use, and tourism;  

• Social and Cultural Resources – population, health, socio-economic 
conditions, poverty, physical cultural resources and noise and vibration. 

 
5.1.2 Definition of the Project Area  

 
314. The project area has been defined in relation to two factors: 
 

• the nature and scale of the proposed activities; and 
• the sensitivity and characteristics of the environment in which the 

proposed activities will occur. 
 

315. The project area comprises the construction sites, the reservoir inundation area, and 
urban areas affected by the project activities including resettlement. These areas are defined in 
Table 5.1 in relation to each assessment topic.  
 

Table 5.1: Definition of the project area for specific topics of assessment 
Topic Scope 

Water 
Environment 

Main stream of Xiangjiang River from the Jinweizhou Complex to the dam site for the 
Tugutang Complex ( including the 50 km long reservoir), and the 38km section from Tugutang 
dam site downstream to Hengyang Municipality (Dingjiaqiao). The total length is about 88 km. 
The tributaries include the Yishui River and Chongling River. 

Ecological 
Environment 

Aquatic ecosystem: 50 km along the Xiangjiang River in the new reservoir, a 100 km reach 
along the Xiangjiang River from the new dam site to the Dayuandu Complex, and the reaches 
of the tributaries of the Xiangjiang River that would be affected by backwater. 
Terrestrial ecosystem: the study area covers the area of land occupied by the new works, the 
areas to be inundated, the resettlement areas, and a buffer zone of about 2000m width above 
the are to be inundated. 

Atmospheric 
Environment 

An area defined by a 2.5 km radius around the construction site at the proposed Tugutang 
barrage covering approximately 19.63 km2. 

Acoustic 
Environment 

An area around the construction site boundary defined by a distance of 200m and a corridor 
200 m from the centreline of roads used for haulage and access.  

Social 
Environment 

Towns and villages affected by the project, namely Changning City, Leiyang City, and the 11 
villages (towns) in Hengnan County. 
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5.1.3 Setting 

 
316. The province of Hunan is located in the southern catchment area of the middle reaches 
of the Yangzhi River. Hunan Province is situated between 109°-114° east longitude and 20°-30° 
north latitude. Hunan borders Hubei Province in the north, Jiangxi to the east, Guangdong to the 
south, Guangxi to the southwest, Guizhou to the west, and Chongqing to the northwest. The 
capital of Hunan Province is Changsha.  
 
317. Hunan Province is surrounded by mountains and hills, such as the Wuling Mountains to 
the northwest, the Xuefeng Mountains to the west, the Nanling Mountains to the south, and the 
Luoxiao Mountains to the east. The mountains and hills occupy more than 80% of the area and 
low lying plains comprise less than 20% of the whole province. Hunan's climate is subtropical, 
with mild winters and high precipitation. January temperatures average 3 to 8°C while July 
temperatures average around 27 to 30°C. Average annual precipitation is 1200 to 1700 mm. 
 
318. Hunan is divided into fourteen prefecture-level divisions, of which thirteen are prefecture-
level cities and the remaining division is an autonomous prefecture. The fourteen prefecture-
level divisions of Hunan are subdivided into 122 county-level divisions (34 districts, sixteen 
county-level cities, 65 counties, and seven autonomous counties). These are in turn divided into 
2587 township-level divisions (1098 towns, 1158 townships, 98 ethnic townships, 225 
subdistricts, and eight district public offices). 
 
319. The broad, flat terraces and floodplains of the Xiangjian River have been extensively 
occupied by human settlement for centuries. The river valley supports fertile farmland with 
villages set back on the foot slopes of the hills. There are also many towns and cities. 
 

5.2 Physical Resources 
 

5.2.1 Climate and Air Quality 
 
320. General. The study area belongs to the subtropical humid monsoon climate with an 
abundance of rainfall unevenly distributed throughout the year. In summer, the warm air masses 
from the ocean bring warm, moist weather resulting in high rainfall in the spring and summer. 
The winters are influenced by the cold Siberian weather system. Consequently, the summers 
are hot and humid, while the winters are cold and dry. Affected by the monsoon, the north and 
north easterly winds prevail all year. The average wind velocity lies between 1.9 and 2.8 m/s, 
with velocities gradually abating from north to south. The mean temperature in the Xiangjiang 
River valley lies between 16 and 18°C, with the highest mean monthly temperatures of 24 to 
29°C from July to September. The maximum recorded temperature is 43.6°C and the minimum 
is -12°C. 
 
321. Climate in Hengnan. A summary of climate data for the Hengnan Meteorological 
Station is presented in Table 5.2.  
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Table 5.2: Mean monthly temperature, rainfall and evapotranspiration for the Hengnan 
Meteorological Station (1961–1990) 

Parameters Unit 
Month Total 
J F M A M J J A S O N D  

Temperature °C 5.6 6.8 11.5 17.5 22.7 26.2 29.7 29.0 24.6 19.0 13.3 7.7 17.8 

Rainfall mm 58.7 89.3 115.4 177.8 198.1 180.5 87.2 106.1 53.5 85.2 74.6 45.2 1271.6 

Evapo-
transpiration 

mm 37.9 38.2 59.1 92.4 127.6 158.1 243.7 208.8 147.9 106.2 74.3 56.2 1350.3 

 
322. Temperature. For the historical record (1961-1990), the mean average temperature is 
17.8°C, with the five months between May and September averaging above 20°C. The lowest 
mean monthly temperature occurs in December, January and February with mean temperatures 
below 10°C. The maximum temperature was 40°C recorded on 26 July 1971 and the minimum 
temperature was -9.9°C recorded on 9 February 1972. 
 
323. Rainfall. The mean annual rainfall along the Xiangjiang River lies between 1300 and 
1500 mm, with the rainfall unevenly distributed throughout the year. Rainfall mainly occurs 
between April and June, accounting 40% to 45% of the annual rainfall. Mean annual rainfall also 
varies spatially, with higher rainfall in the south and north of the Xiangjiang River basin and 
lower rainfall in the middle reaches. The mean annual rainfall in Hengnan County is 1271.6mm, 
with 43% falling between April and July. The highest mean monthly rainfall occurs in April with 
198.1mm and the minimum mean monthly rainfall occurs in December with 45.2mm. The 
maximum daily rainfall recorded was 198.5mm on 31 May 1984. 
 
324. Humidity, Evaporation and Sunshine. The mean annual relative humidity is 80% and the 
minimum relative humidity is 13%. The mean potential annual evaporation rate is 1350.3mm. 
The potential evaporation rate is closely related to temperature, with seasonal variations in 
evaporation, peaking between June and August. The mean annual hours of sunshine is 1645.3 
hrs. 
 
325. Soil temperature. The annual average soil temperature is 20.3°C, with a maximum of 
72.3°C (26 July 1990) and a minimum of -13.5°C (1 February 1990). 
 
326. Wind Speed and Direction. The mean annual wind direction and speed from the 
Hengnan Meteorological Station are illustrated in the wind roses in Figure 5.1. The dominant 
wind direction is from the north and north-north-west with frequencies of 18% and 11.5%. The 
wind speeds are generally light, with an average wind speed of 2.2 m/s and maximum of 18 m/2. 
The highest wind speeds are from the south-south-west.  
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Figure 5.1: Mean Annual Wind Direction And Wind Speed 

 
327. Air Quality in the Study Area. The proposed construction areas are located outside the 
county town. The dam site is located in an agricultural district with no nearby industrial sources 
of air pollution. Current air quality was monitored for the parameters: dust (PM10), sulphur 
dioxide (SO2), and nitrogen dioxide (NO2). The monitoring results showed that with isolated 
exceptions the parameters in the assessment area met the Class II Standard for Ambient Air 
Quality Standard (GB3095-1996) of NO2 0.08 mg/m3, PM10 0.15 mg/m3, and SO2 0.15 mg/m3 
and overall the air quality is considered to be good (see Tables 5.3 and 5.4). 
 

Table 5.3: Mean Air Quality Data for PM10, SO2 and NO2 (mg/m3) 
Location Date PM10 SO2 NO2 

No. 1 Binhe village (left bank)  

8 March 2010 0.053 0.025 0.006 
9 March 2010 0.096 0.013 0.017 
10 March 2010 0.060 0.008 0.012 
11 March 2010 0.083 0.004L 0.006 
12 March 2010 0.107 0.007 0.007 
13 March 2010 0.158 0.005 0.007 
14 March 2010 0.156 0.006 0.005L 

No. 2 Pengci Village (right bank)  

8 March 2010 0.038 0.008 0.013 
9 March 2010 0.085 0.010 0.015 
10 March 2010 0.060 0.005 0.013 
11 March 2010 0.079 0.004L 0.017 
12 March 2010 0.096 0.005 0.010 
13 March 2010 0.065 0.004L 0.017 
14 March 2010 0.110 0.007 0.007 

Class II Standard 0.15 0.15 0.08 
Note: L indicates the limit of detection. 
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Table 5.4: Weather Conditions During The Air Quality Monitoring Campaign 
Date Temperature 

(℃) 

Atmospheric 
pressure 

(Kpa) 

Relative humidity 
(%) 

Wind 
direction 

Wind 
velocity 

(m/s) 

Weather 
conditionsMonth Day 

3 8 9.0 102.4 78 330 1.4 rainy 

3 9 7.5 103.5 72 10 3.4 sunny 

3 10 10.0 103.2 46 210 3.5 sunny 

3 11 15.0 102.2 52 / 0 sunny 

3 12 15.0 101.9 55 / 0 cloudy 

3 13 17.0 101.7 72 / 0 sunny 

3 14 24.0 100.7 60 240 0.8 cloudy 

 
5.2.2 Topography, Geology, and Hydrogeology 

 
328. Topography. The study area is located in the upper and middle reaches of the 
Xiangjiang River which drains highlands to the east, south and west, and flows northwards 
along a broad, low lying valley. The highlands are generally over 1000masl and rise to 1608masl 
in the east, 1981masl in Haiyang Mt to the south, and 1041masl in the west. To the north, the 
terrain falls along the main river valley to below 50masl where most of the flat, low lying land is 
found. In middle and lower reaches, the Xiangjiang River has incised creating asymmetrical 
river terraces. In the vicinity of the proposed dam site the upper terrace of the Xiangjiang river 
lies between 60-80masl about 15-25m above the average water level of the Xiangjiang and the 
lower terrace lies between 50-61masl some 5-15m above the river water level.  
 
329. Geology. The project area is located in the middle-southern part of the Hengyang Basin 
which has been formed from the denudation of a structural tectonic basin. The Upper Xiangjiang 
River rises in the Qiyang Arc along the southern limb and reflex arcs while the lower part of the 
river basin lies in the red sandstone basins of Hengyang, Zhuzhou and Xiangtan. The geological 
formations mainly comprise Sinian metamorphic sandstone and slate; Ordovician-Carboniferous 
sandstone, limestone, and dolomitic limestone; Eocene marls, mudstones, and conglomerates; 
and unconsolidated Quaternary clays, silts and loams.  
 
330. Previous tectonic movement is manifested in large-scale NNE-NE folding and fracturing. 
In the proposed reservoir area the folding mainly comprises Baoheyu synclines near the top end 
of the reservoir; Shuangduqiao overturned synclines, Yanzhu Lake anticlines and Yanhu 
inversion synclines in the middle of the reservoir area; and Badouqui synclines towards the tail 
of the reservoir. The main fractures are the Xiangyang Bridge-Danshui Lake fault, Laomeng Mt. 
fault, Shuikou Mt. fault and Liutangchong fault. According to the 2001 Seismic Parameter 
Zoning Map in China (scale of 1:400,000), the seismic dynamic peak acceleration is less than 
0.05g, the characteristic period of the seismic response spectrum is 0.35s, and the basic 
seismic intensity is less than VI degree, indicating a low risk earthquake zone. 
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331. Mineral Resources. Hengyang has some 55% of the total mineral resources of Hunan 
Province including nonferrous metals and precious metals. The main minerals are iron, coal, 
gold, copper, sodium sulphate, and tin. According to the Evidence of the Construction Land Use 
Tugutang Navigation & Hydropower Complex Project not over Important Minerals provided by 
the Department of Land & Resources of Hunan Province, the reservoir inundation zone of the 
Tugutang Navigation & Hydropower Complex does not cover important mineral resources and 
there are no risks of inundating exploitable industrial minerals. The mineral wealth provides raw 
materials for mineral processing industries in the province. 
 
332. Hydrogeology. The reservoir area is underlain by Quaternary sediments and the 
Cretaceous red sandstones. Primary groundwater is found in the unconsolidated materials and 
secondary porosity is found in the bedrock fissures.  
 
333. Unconfined and artesian aquifers are found in the unconsolidated and poorly 
consolidated Quaternary sands and gravels. These aquifers are found along both banks of the 
main streams of the Xiangjiang River and its tributaries in narrow, discontinuous bands. Water 
bearing deposits vary between 500 to 12,500m long, 30 to 1,300m wide, and 0.5 to 22m deep. 
The depth to groundwater varies between 2 to 15m. The deposits mostly comprise terrace 
gravels, with the gravels of the Grade I terrace containing rich water supplies. Groundwater 
recharge occurs from direct rainfall and runoff from surrounding areas. The gravel aquifers are 
characterised by a relatively high permeability and good hydraulic connection with the rivers. 
During the wet season, higher flows in the rivers recharge groundwater, creating a slight 
artesian pressure due to the semi-confining nature of the covering deposits. In the dry season, 
the groundwater provides base flow to the river.  
 
334. The secondary aquifers mainly occur in the sandstones, slates, mudstones, and 
siltstones of various ages. These aquifers are characterised by medium to poor water content, 
with local and regional groundwater flow controlled by faults, joints and interlayer fractures in the 
rocks. These aquifers are recharged by rainfall, and some of the groundwater recharges the 
surface water resources.  
 
335. Artesian water is associated with the Xiangyangqiao to Danshuitang fault, which is 
located about 1.5 to 1.8km upstream from the dam site and crosses the river obliquely at a 
strike of N60° ESE 75-80°. The fault is characterised by a shattered zone of rock 6 to10m wide 
exposed over 50 km, and forms a relatively impermeable barrier. There is a marked changed in 
lithology in reservoir area. The calcareous sandstone is severely eroded and there are many 
dissolution zones between layers and corrosion cracks. Artesian water is associated with the 
right dam abutment and obliquely to the left bank in the dam area. According to drilling results, 
the depth of artesian water is about 7.5 to 17.5m, with maximum artesian pressure reaching 
5.9m and maximum flow of 322 l/min. 
 
336. Groundwater Quality. Groundwater quality was monitored at three locations, on the left 
bank of complex project, at Songbai Town and Baifang Town. The monitoring results show that 
the groundwater chemical quality at the dam site is generally good but borderline for cadmium, 
whilst the total coliforms exceed the Class III standard for groundwater quality in GB/T14848-93 
(Table 5.5). 
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Table 5.5: Groundwater quality data monitored in March 2010 (mg/l) 

Parameters Class III 
Standard 

Location and Sampling Dates 

Left Bank Dam Site Songbai Town Bofang Town 

8 March 9 March 8 March 9 March 8 March 9 March 

pH 6.8 - 8.5 6.19 5.99 5.84 6.92 7.24 6 

CODMn - 1.9 1.8 2.8 3.7 1.9 4 

NH4 - 0.04 0.1 0.17 0.45 0.02 0.05 

Cu 0.05 0.01L 0.01L 0.01L 0.01L 0.01L 0.01L 

Cd 0.001 0.0009 0.0013 0.0029 0.0029 0.0005 0.0006 

Pb 0.01 0.0056 0.0062 0.0114 0.0013 0.0009 0.0009 

Hg 0.000051 0.00005L 0.00005L 0.00005L 0.00005L 0.00005L 0.00005L 

Cr6+ 0.01 0.004L 0.004L 0.004L 0.004L 0.004L 0.004L 

Cl 150 15.9 15.7 16.9 9.92 10.6 14 
Total 
hardness 300 63.3 55.8 171 273 340 76.3 

PO4
3- - 0.01 0.01 0.01 0.01 0.01 0.01 

Total 
coliforms 
(No./L) 

3 >230 >230 27 36 >230 230 

 
5.2.3 Soils and Soil Erosion 

 
337. Soil Types. Nine soil types have been identified in Hengyang City comprising zonal and 
azonal soil types. The zonal soils include mountain meadow soil, yellow brown soil and red soil 
and the azonal soil include black limestone soil, red limestone soil, purple soil, paddy soil and 
alluvial soil. The most widely distributed soils are the red soil, purple soil and paddy soil. The 
soils on both banks of the Xiangjiang River mainly belong to zonal red soil which is developed 
from parent materials such as shale, sandstone, purple rocks and Quaternary red clay, with acid 
or strongly acid characteristics. 
 
338. Soil Quality in the Middle and Lower Xiangjiang River Valley. The Graduate Institute 
of Environmental Engineering of the Central South University School of Metallurgical Science 
and Engineering together with the Environment Restoration Centre of the Institute of 
Geographic Sciences and Natural Resources Research carried out an investigation into heavy 
metals in soils along the banks of the Xiangjiang River from Hengyang to Changsha in 2005. 
They collected surface soils from 0 to 20cm depth from farmland along both banks of the 
Xiangjiang River. Some 219 samples were taken and analysed for As, Cd, Cr, Cu, Ni, Pb and 
Zn. Most of the farmland within the area is given over to rice paddy and vegetables. The results 
showed that the concentration of heavy metals varied widely, in the range of 0.05 to 107 mg/kg 
for Cd, 9.85 to 1067 mg/kg for Cu, 11.9 to 2730 mg/kg for Pb, and 55.0 to 2828 mg/kg for Zn, 
indicating widespread contamination of farmland soils with heavy metals from the mining 
industry. The average concentration of Cd, Cu, Ni, Pb and Zn in the soils in the study area is 
higher than the background values of the corresponding soil types in Hunan province. In 
particular, the concentrations of Cd (2.44 mg/kg), Pb (65.00 mg/kg) and Zn (144.13mg/kg) are 

                                           
1 NB: The limit of detection (L) should be lower than the standard and not the same as the standard. 
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especially high, exceeding the standard by 8, 3.7 and 1.6 times respectively. The spatial 
distribution of heavy metal contamination shows decreasing concentrations with distance from 
the main industrial sources of pollution. In the mid region along the Xiangjiang River between 
Hengyang and Zhuzhou, which is distant from the smelting industries, the Cd contamination of 
farmland soils indicates light pollution. Concentrations of heavy metals in farm soils between 
Zhuzhou and Changsha is much higher, resulting from the dramatic impact of human activities 
such as industrial production, mining and metallurgy activity in the region of Changzhutan. 
 
339. Soil Quality in the Reservoir Area. Heavy metal contamination was analysed for 15 
soil monitoring points within the proposed reservoir area (Tables 5.6 and 5.7). Of these, 13 
sampling points were located on both banks of the reservoir area, comprising one in the area 
downstream from the Jinweizhou complex (outside the flood line), two in the copper mining area 
of Baifang (within and above the flood line), two in Baifang Town (within and above the flood 
line), one at the mouth of the Sujiang tributary (within the flood line), two at Dayuwan (within and 
above the flood line), two at Songbai Town (within and above the flood line), one at Songjiang 
(within the flood line), one at Xiangjiang Village (within the flood line) and one at Shitang Village 
(above the flood line). In addition there are two soil monitoring points on the boundary of the 
tailings pond for the Lead Zinc Ore of Songbai of Shuikoushan Company. 
 
340. Ten parameters were analysed: pH, Eh, Pb, Cd, Mn, Cr6+, Cu, Zn, As, and Hg, and 
compared to the Class II standards specified in GB15618-1995.  At the proposed dam site, the 
pH value of the soil samples is relatively low and, with the exception of Cd, none of the heavy 
metals exceeded the standard and the soil quality is considered to be good (Table 5.6). 
However, the results show that the soil around the reservoir has been seriously polluted by 
heavy metals (Table 5.7). Many of the heavy metals exceed the standard and Cd seriously 
exceeds the standard. The results also show that the heavy metal concentrations are often 
higher for those samples below the proposed flood line than above the flood line, which 
suggests that the contamination of soils is linked with industrial wastewater discharges from 
various enterprises on both banks of the Xiangjiang River. The soil around the tailings pond is 
polluted with heavy metals, but the level of pollution falls towards background levels with 
increasing distance (Table 5.8). 
 

Table 5.6: Heavy metal concentration at the dam site (mg/kg) 

Location 

Parameters (mg/kg) 

pH Eh 
(mv) Cu Pb Cd Zn Mn Hg As Cr6+ 

Left bank 5.11 490 26.4 31.2 0.684 92.4 155.2 0.105 13.1 0.76 

Right bank 5.08 510 43.6 59.2 0.710 126.5 135.3 0.118 2.28 0.66 

Standard 6.5～7.5  100 300 0.3 250 443 0.5 25 300 

Source: HydroChina Zhongnan Engineering Corporation EIA Report. 



91 

Table 5.7: Heavy metal concentration of soils in the reservoir area (mg/kg) 

Location 

Positi
on re: 
floodli
ne 

Parameters (mg/kg) 

pH 
Eh 
(mv
) 

Cu Pb Cd Zn Mn Hg As Cr6+ 

Jinweizhou 
 
Above 

7.31 415 16.8 15.1 0.305 51.8 157.6 0.027 3.69 0.64 

Baifeng Cu 
mine 

Below 6.77 470 72.4 96.8 5.26 226.8 608.8 0.135 21.0 0.70 

Above 5.54 504 96.0 39.8 1.42 195.0 112.9 0.026 4.65 0.74 

Baifeng Town 
Below 7.43 450 170 195 20.3 282.2 2.02×103 0.268 65.1 0.62 

Above 5.56 461 36.4 62.3 0.700 53.4 182.6 0.071 28.4 0.79 

Sujiang Below 7.96 360 386 276 7.22 429.1 2.33×103 0.244 560.9 0.85 

Dayuwan 
Below 7.04 426 28.6 43.8 3.71 69.3 299.0 0.086 17.2 0.91 

Above 7.39 440 39.6 60.2 8.86 114.6 583.7 0.040 22.8 0.77 

Songbai Town 
Below 7.74 432 42.1 73.8 1.05 111.0 442.0 0.059 18.4 0.92 

Above 7.47 466 73.0 104 5.30 136.4 1.99×103 0.250 29.6 1.03 

Songjiang Below 4.96 501 27.4 50.7 0.625 16.9 216.1 0.018 19.5 0.88 
Xiangjiang 
Village 

Below 7.30 430 194 169 9.06 390.3 2.66×103 0.364 448.5 0.93 

Shitang Village Above 4.92 505 23.9 42.7 0.796 86.7 191.3 0.070 8.75 0.78 

Standard GB15618-1995 
6.5～
7.5 

 100 300 0.3 250 443 0.5 25 300 

Source: HydroChina Zhongnan Engineering Corporation EIA Report.  
 

Table 5.8: Heavy metal contamination near the tailings pond for the Lead Zinc Ore of 
Songbai of Shuikoushan Company (mg/kg) 

Distance from 
boundary 

Parameters (mg/kg) 

pH Eh 
(mv) Cu Pb Cd Zn Mn Hg As Cr6+ 

50m 7.04 505 2130 8790 74.4 463.6 1370 0.324 498.2 0.82

200m 7.27 510 45.5 112 1.83 46.4 590.1 0.179 42.9 0.70

Standards 6.5～7.5  100 300 0.3 250 443 0.5 25 300 

Source: HydroChina Zhongnan Engineering Corporation EIA Report.  
 
341. Present Situation of Soil Erosion. The total land area in the project counties and cities 
is about 7,400 km2 of which some 1,852 km2 or 25% is deemed to be suffering soil erosion. Of 
this area, some 429.71km2 or 23% is considered to be suffering slight soil erosion; 1,390 km2 or 
75% is under moderate erosion; 33 km2 or 2% is under high and very high erosion. Typical 
erosion rates across the administrative areas by vegetation type are presented in Table 5.9. The 
highest erosion rates are associated with dryland farming, followed by grasslands. Erosion rates 
on paddy are low, reflecting the low slope and basin configuration of the fields.  
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Table 5.9: Estimated Erosion Rates from Various Land Use Types  
in the Assessment Area (t/km2/y) 

Terrain Administrative 
Division 

Vegetation Type 
Paddy 
Field 

Dry 
Land Woodland Wild Grass 

Ground 
Flood 
Land Others 

Hilly 
Region 

Hengnan County 100 2300 1000 2000 1000 1150 
Changning City 100 2600 1300 2200 1200 1250 
Leiyang City 100 2400 1100 2100 1100 1200 

 
342. Soil and Water Conservation Practices In The Project Area. In recent years local 
government has increased their efforts to treat soil erosion, with the area under soil and water 
conservation (SWC) practices now reaching 127 km2. Good progress has been made on forest 
and grassland conservation, and the renewal of plantations and complementary planting for 
open forest land have further increased forest and grass cover. The adoption of SWC measures 
and changes in land management practices has produced benefits in soil erosion treatment. 
There have also been advancements in the enforcement of SWC practices, including the 
establishment of a law enforcement system for SWC and county-level monitoring stations.  
 
343. The land cover types in the assessment area are paddy, grasslands and woodland, with 
relatively high forest and grassland cover. After years of cultivation, paddy fields, garden plots 
and dryland farming have been largely terraced with relatively complete drainage facilities and a 
high level of soil and water conservation. However, where SWC measures have not been 
implemented, the level of soil erosion is estimated to be moderate, followed by light, based on 
the high rainfall intensity and rugged topography. 
 

5.2.4 Surface Water Resources 
 
344. General Setting of the Xiangjiang River Basin. Xiangjiang River basin is located 
between 24°31′ and 29°00′N and 110°30′ and 114°00′E. Xiangjiang River is the fifth largest 
tributary of the Yangzhi River and is the largest river in Hunan Province covering the eastern 
half of the province. The river flows from Nanling Mountain in the south to the Yangzhi further 
north, joining the Yangzhi on its right hand bank. The Xiangjiang River Basin is separated from 
Poyang Lake by Mufu Mountain and Luoxiao Mountain to the east, from the Zhujiang River 
Basin by Nanling Mountain to the south, and from the Zishui River Basin by Dongjia Mountain 
and Leigong Hill to the east.  
 
345. The Xiangjiang River rises in Longmenjie of Haiyangping in Lingui County, Guangxi 
Province. It flows through Xing’an and Quanzhou in Guangxi Province and enters Hunan 
Province at Xiajiangyu in Dongan County. The river continues to flow through Pingdao, 
Lengshuitan, Hengyang, Zhuzhou, Xiangtan, and Changsha, entering Dongting Lake at 
Haohekou in Xiangyin County where it meets the Zishui River, Yuanshui River and Lishui River. 
The water flows along the Xiangjiang flood passage in the eastern Dongting Lake and enters 
the Yangzhi River at Chenglingji. 
  
346. The drainage area of the Xiangjiang River is 94,660 km2, of which 90.2% lies in Hunan 
Province and covering about 40% of the total area of the province. The total length of the 
Xiangjiang River is 856 km, of which 660 km lies in Hunan Province. The average slope of the 
river is 0.134‰. In recent years, it has become normal practice to include the 113 km of the 
Xiangjiang flood passage from Haohekou to Chenglingji as part of the Xiangjiang River, in which 
case, the total length of the Xiangjiang River is 969 km.  
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347. The drainage pattern of the Xiangjiang River is well developed with a main river and 
many tributaries forming a dendritic pattern. There are ten reservoirs on the Xiangjiang River 
which supply drinking water but not hydropower and drain a catchment area of 25,963 km2. Five 
barrages have already been built on the Xiangjiang River for hydropower, but they provide little 
by way of flood attenuation due to the lack of storage. The following paragraphs describe the 
main characteristics of the upper, middle and lower reaches of the Xiangjiang River. 
 
348. Upstream of Pingdao in Yongzhou (Upper Reaches): This section is 252km long draining 
the high and precipitous mountains upstream of Lingqu Canal, the middle and lower mountains 
and hills. The river valley is generally V-shaped, with the river 110 to140m wide and an average 
gradient of 0.61‰. There are many rocks in the river bed, with floodlands and rapid flows with 
large variations in flow rates and water levels characteristic of mountainous rivers. The large 
tributaries include the Guanhe River and Zixi River.  
 
349. Pingdao to Hengyang (Middle Reaches): This section is 278 km long with low hills on 
both banks and well developed river terraces. The valleys gradually become wider and U-
shaped. The river varies between 250 and 600m width with an average gradient of 0.13‰. 
There are many cobbles and shoals along the river bed with many floodlands and areas of 
shallow water characteristic of hill streams. The large tributaries include the Xiaoshui River, 
Chongling River, Luhong River, Qishui River, Baishui River, and Yishui River. 
  
350. Hengyang to Haohekou (Lower Reaches): This section is 326 km long with extensive 
alluvial plains and low hills along the river. The valleys are wide and the water course meanders. 
The river is 500 to 1000m wide with an average gradient of 0.05‰. The river bed mainly 
comprises gravels with sporadic sections of bedrock and lots of shoals. The discharge is large 
with gentle flow rates characteristic of a mature floodplain river. The large tributaries include the 
Leishui River, Zhengshui River, Mishui River, Lushui River, Lianshui River, Liuyang River, 
Juanshui River, Laodao River, and Weishui River.  
 
351. The river section from Haohekou to Chenglingji is known as the Xiangjiang flood 
passage in Dongting Lake. It is 113 km long with an average gradient of 0.04‰. This river 
section forms part of the Lake during the flood season and is a separate river in the low water 
season. The large tributaries include the Zishui River, Yuanshui River, Lishui River, Miluo River, 
and Xinqiang River.  
 
352. Within the proposed reservoir areas of the Tugutang Navigation & Hydropower Complex, 
the two largest tributaries are the Chongling River with a drainage area of 6,623 km2 and the 
Yishui River with a drainage area of 1,056 km2.  
 
353. Hydrology. The Xiangjiang River is fed mostly by rainfall and runoff, with a short flood 
season strongly correlated with the summer monsoon rains in May and June and low flows from 
October to March.  
 
354. There are several hydrological stations on the Xiangjiang River and the two closest to 
the dam site are located at Guiyang and Hengyang. The hydrological characteristics for the 
Tugutang Dam Site have been interpolated from the historical record for these two stations 
(1970 to 2008). The mean annual flow at the proposed dam site is estimated to be 1030 m3/s 
(Table 5.10) and the mean annual runoff flow is estimated to be 32.5 billion m3. The mean 
monthly discharge gradually increases from January, peaking in May, and then decreases to the 
end of the year. At the dam site, the minimum mean monthly flow is estimated to be 77.6 m3/s 
(January 1999) and the minimum mean daily flow is estimated to be 24.5 m3/s (28 March 1999).  
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Table 5.10: Estimated mean monthly discharge of the Xiangjiang River  
at the proposed Tugutang Dam site 

Months 1 2 3 4 5 6 7 8 9 10 11 12 Summary

Mean monthly discharge 
(m3/s) 435 745 1090 1720 2280 2050 1230 904 566 506 480 380 1030 

% 4.2 7.2 10.6 16.7 22.1 19.9 11.9 8.8 5.5 4.9 4.7 3.7 100.0 
Source: HydroChina Zhongnan Engineering Corporation EIA Report. 
 
355. The historic record (1970-2008) shows that there have been 20 years with below 
average annual flow, 15 years with above average annual flow, and 4 years with average annual 
flows (Figure 5.2). The wettest year was 2002 with a mean discharge of 1660 m3/s and total 
annual discharge of 52.4 billion m3. The driest year was 1971 with a mean discharge of 691 
m3/s and total annual flow of 21.8 billion m3. 
  

Figure 5.2: Annual flows estimated for Tugutang based  
on the hydrological record (1970-2008) 

 
356. Floods. Flooding mainly occurs due to rainstorms, with the temporal and spatial 
properties of floods closely linked with patterns of cyclonic rainstorms and occasionally 
typhoons. Storms mostly occur between April and July and last for up to one day. Few storms 
last more than two days. Light rains occur between the storms. Frequent and intense rainfall is 
conducive to creating floods, with saturated soils and rapid runoff. The flood season occurs 
between April and August every year, with the largest floods most likely to occur in May and 
June. Data from the Guiyang Hydrological Station indicate that the probability of large floods 
occurring in May and June is 69% compared with 1.7% in February and March. Table 5.11 
shows predicated river discharges for given frequencies for the Guiyang and Hengnan 
Hydrological stations and the interpolated results for the Tugutang dam based on catchment 
area. Flows that occur with a 50% frequency are estimated to be 7,530 m3/s at Guiyang, 8,700 
m3/s at Tugutang, and 10,300 m3/s at Hengnan. 
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 Table 5.11: Discharge Frequencies estimated at Guiyang, Tugutang and Hengnan (m3/s) 

Name of 
station 

Catchment 
area 
km2 

Frequency (%) 

0.1 0.2 0.5 1 2 3.33 4 5 10 20 50 

Guiyang 27983 20100 18900 17300 16100 14800 13900 13500 13100 11600 10100 7530 

Tugutang 37298 23500 22100 20200 18800 17300 16200 15700 15200 13500 11700 8700 

Hengnan 52150 28100 26500 24200 22500 20700 19300 18800 18200 16200 13900 10300

Source: HydroChina Zhongnan Engineering Corporation EIA Report. 
 
357. The staging curve for Tugutang was estimated for the existing situation (Figure 5.3). A 
water level of 58masl is indicative of a discharge of 7750 m3/s. The backwater effect of 
Dayuandu Dam Complex raises the water level for a given discharge for the lower flows as 
indicated by the yellow line in Figure 5.3. Under low flows, with the barrage open, the pink line in 
Figure 5.3 shows the water depth through the open gate.  
 

Figure 5.3: Staging curve (water depth (masl) against discharge (m3s)  
for the Tugutang Dam Complex (see text for explanation) 

 
 

5.2.5 Surface Water Quality 
 
358. Water quality data for the period January 2007 to December 2009 were obtained from 
the Hunan Province Environmental Protection Bureau for the Hengyang section of the 
Xiangjiang River. The monitoring stations include four routine water quality monitoring locations 
at Qishan, Songbai, Xintangpu and Huangchaling on the mainstream of the Xiangjiang River 
and one routine monitoring station on the mouth of Chongling tributary. The monitoring stations 
at Qishan, Songbai and on the mouth of Chongling are located upstream of the Tugutang dam 
site, while the stations at Xintangpu and Huangchaling are located downstream of the dam site. 
The monitoring stations are located on Figure 5.4. 
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Figure 5.4: Locations of Routine Monitoring Sections in the Study Area 

     
 
359. The twenty-three parameters monitored are namely pH, total suspended solids (TSS), 
dissolved oxygen (DO), permanganate index (CODMn), chemical oxygen demand (CODcr), 
biochemical oxygen demand (BOD5), ammoniacal nitrogen (NH6), total phosphorus (TP), total 
nitrogen (TN), copper (Cu), zinc (Zn), fluoride (F), selenium (Sn), mercury (Hg), cadmium (Cd), 
hexavalent chromium (Cr6+), lead (Pb), cyanide, volatile phenol, oil, anionic surfactant, sulphide, 
and faecal coliforms. The results for selected parameters are illustrated in Figures 5.5 and 5.6 
and the data are presented in Appendix II.  
 
360. Comparison of the results with the Environmental Quality Standards for Surface Water 
(GB3838-2002) show that:  
 

• Water quality at Qishan meets the requirements for Class III waters  
• Water quality at Songbai meets the requirements of Class IV waters, with the 

exception of ammoniacal nitrogen, and  
• Water quality at Xintangpu and Huangchaling meets the requirements of 

Class III with the exception of coliforms. 
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Figure 5.5: Spatial variation in selected pollutants from the upstream 
to downstream station on the main stream of the Xiangjiang River  
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Figure 5.6: Temporal variations in the concentration of selected pollutants 
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361. The main pollutants on the Xiangjiang River in the study area are ammoniacal nitrogen 
and faecal coliforms, indicating pollution due to domestic and industrial wastewater from 
Shuikoushan. Overall, the water quality changes relatively little spatially. The lowest 
concentrations of pollutants were found in the Qishan section at the upstream end of the study 
area. The highest pollution concentrations for ammoniacal nitrogen, selenium, cadmium and 
lead were found in the Songbai section. The concentration of fluoride and faecal coliforms 
increases in the downstream direction. Over time, the data show a reduction in industrial 
pollution in river section on the Xiangjiang River within the construction area.  
 
362. The Hunan Hydropower Design Institute commissioned the Environmental Monitoring 
Centre of Hengyang City to monitor water quality at six locations in the assessment area in 
March and May 2010. The monitoring locations were: downstream area of dam (reservoir tail) of 
the Jinweizhou complex, the mouth of the Yishui tributary, the Songbai section, the mouth of the 
Chongling tributary, the Tugutang dam site, and the intake for the Water Plant Hengnan County 
(Quanzi section). The locations of surface water quality monitoring section are shown in Figure 
5.7. 
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Figure 5.7: Locations of Monitoring Sections of Surface Water 
of Project 

 

 
 
363. The same 23 parameters were monitored following standard procedures and the results 
compared with the relevant Class of river in the Environmental Quality Standards for Surface 
Water (GB3838-2002). The results show that total nitrogen exceeds the relevant standard at all 
locations; CODMn and faecal coliforms exceed the relevant standards at some location; and the 
remaining parameters comply with the relevant standards (see water quality data in Appendix 
II).  
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364. Water Temperature. According to the data from the Hengyang Hydrological Station, the 
mean annual water temperature is 19.4°C, the maximum water temperature is 35.2°C 
(measured on 20th July, 1971), and the minimum water temperature is 1.0°C (measured on 8 
February 1972) (Table 5.12). 
 

Table 5.12: Mean monthly river temperature (°C) 
Month 1 2 3 4 5 6 7 8 9 10 11 12 Mean 

Temperature 
°C 8.6 10.8 13.2 17.9 22.8 24.5 28.2 30.4 26.3 22.5 17.6 10.4 19.4 

Source: HydroChina Zhongnan Engineering Corporation, EIA Report. 
 

5.2.6 Sediment Transport and Heavy Metal Pollution in River Bed 
Sediments 

 
365. Sediment Transport. Soil erosion rates in the catchment were estimated at between 100-
600 t/km2. The concentration of suspended solids will vary seasonally, with the highest 
concentrations during the flood season. The mean annual sediment concentration at the 
Tugutang dam site is estimated to be 820 mg/l (or 0.082 kg/m3), the mean annual suspended 
sediment load transportation capacity is estimated to be 2.65 million tons, and the mean annual 
bed load transportation capacity is estimated to be 55 thousand tons. According to data from the 
Hengyang Hydrological station, the mean particle size of the suspended solids is 0.042 mm in 
the sand fraction.      
 
366. Heavy Metal Contamination of River Bed Sediments in the Study Area. Pollutants enter 
into water body from the atmosphere, wastewater discharges, soil leaching and bed scour. They 
settle out of suspension and become incorporated into the river bed sediments. The river bed 
sediments are mainly polluted with heavy metals, nutrients, and organic pollutants. A baseline 
survey of heavy metals in the river bed sediments in the study area was undertaken. The 
parameters analysed were Pb, Cd, Mn, Cr6+, Cu, Zn, As, and Hg. Nine monitoring sampling 
points were selected, namely, starting upstream, the downstream area of Jinweizhou complex, 
the Baifang copper mine area, Baifang town, Dayuwan, Songbai town, the mouth of the 
Chongling tributary, 200m upstream the dam site of Tugutang, Quanzi village and Chejiang town 
(Figure 5.8). The river bed samples were collected in March 2010.  
 
367. The results of the analysis of heavy metal concentrations in the river bed sediments are 
presented in Table 5.13. The river bed sediments in the Hengyang reach are seriously 
contaminated by heavy metals. All the samples exceeded the standard for cadmium and most 
exceeded the standard for manganese. There were also exceedances for arsenic, mercury, 
zinc, and lead. The right bank by Songbai Town is the most heavily polluted reach.  
 
368. The potential ecological risk index of the heavy metals found in the river bed sediments 
was evaluated based on the approach by Lars Hakanson2, which allows the rapid assessment 
of heavy metal the level of pollution in water bodies by assessing the concentrations of heavy 
metals and polychlorinated biphenyls in their sediments. The results are summarised in Table 
5.14. The potential ecological risk coefficients of heavy metals are higher than 40 and the 
potential ecological risk of Hg, Pb and Cd on right bank of Songbai section is very serious. The 
order of the potential ecological risk coefficients of heavy metals is: Cd > Hg > As > Pb > Cu 

                                           
2 Hakanson, L (1980), An Ecological Risk Index for Aquatic Pollution Control. A Sedimentological Approach, Water Research 

Vol 14, No 8, p 975-1001. 
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>Zn > Cr6+, with the ecological risk for Cd and Hg being very serious; As is moderate; and Pb, 
Cu, Zn and Cr are light. The integrated potential ecological risk index (RI) is 1,758.0, indicating 
an overall very strong ecological risk. The most serious ecological risk from the heavy metals 
occurs in the Songbai reach followed by Dayuwan.  
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Figure 5.8: Monitoring sites for heavy metals in river bed sediments 
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Table 5.13: Heavy Metal Concentrations in the Study Area (mg/kg) 

Sampling point 
Parameters 

Cu Pb Cd Zn Mn Hg As Cr6+ 
Downstream of 
Jinweizhou Complex 72.5 175 1.78 249.5 360 0.026 20.7 1.07 

Baifang Copper Mine 83.1 86.8 4.81 171.5 1.73×103 0.054 11.9 1.28 

Baifang Town 69.9 110 5.39 157.6 1.19×103 0.046 18.2 1.06 

Dayuwan 215 127 115 236.8 766.8 0.445 16.7 1.01 

Songbai 
Town 

Left 135 285 37.5 414.5 1.27×103 0.729 207.7 0.97 

Right 220 838 36 2.06×103 2.09×103 35.86 321.9 0.9 

Mouth of Chonling 38.7 37.3 0.732 29.64 367.9 0.275 23.3 0.79 

Tugutang 
Dam site  

Left 52.8 73.8 6.38 207.4 631.7 0.2 31.2 0.47 

Mid 45.8 70.9 4.49 203.5 617.8 0.169 2.97 0.43 

Right 62.2 79.5 3.66 204.6 657 0.246 18.5 0.47 

Quanzi Town 51.6 66.1 1.7 159.5 469 0.147 20.3 0.68 

Chejiang Town 184 249 10.6 316.2 968.8 0.252 88.4 0.97 

Standard 100 300 0.3 250 443 0.5 25 300 

 
Table 5.14: Ecological Risk Index (RI) of Heavy Metals in the River Bed Sediments 

Sample Point 
i
rE  (note 1) RI 

(note 2) 
RI 

Order Cu Pb Cd Zn Hg As Cr6+ 
Downstream of 
Jinweizhou Complex 

12.1 35.0 106.8 3.1 4.2 13.8 4.3 179.2 10 

Baifang Copper Mine  13.9 17.4 288.6 2.1 8.6 7.9 5.1 343.6 7 
Baifang Town 11.7 22.0 323.4 2.0 7.4 12.1 4.2 382.8 6 
Dayuwan 35.8 25.4 6900.0 3.0 71.2 11.1 4.0 7050.6 2 

Songbai 
Town 

Left 22.5 57.0 2250.0 5.2 116.6 138.5 3.9 2593.7 3 

Right 36.7 167.6 2160.0 25.8 5737.6 214.6 3.6 8345.8 1 

Mouth of Chongling 6.5 7.5 43.9 0.4 44.0 15.5 3.2 120.9 12 

Dam Site 
of 
Tugutang 

Left 8.8 14.8 382.8 2.6 32.0 20.8 1.9 463.6 5 
Mid 7.6 14.2 269.4 2.5 27.0 2.0 1.7 324.5 8 
Right 10.4 15.9 219.6 2.6 39.4 12.3 1.9 302.0 9 

Quanzi Village 8.6 13.2 102.0 2.0 23.5 13.5 2.7 165.6 11 
Chejiang Town 30.7 49.8 636.0 4.0 40.3 58.9 3.9 823.6 4 
Mean Value 17.1 36.6 1140.2 4.6 512.7 43.4 3.4 1758.0  

i
rE Order 5 4 1 6 2 3 7   

Note 1: i
rE <40 = low ecological risk, 40-80 = moderate ecological risk, 80-160 = considerable ecological risk, 160-

320 = very high ecological risk 
Note 2: RI <150 = low ecological risk, 150-300 = moderate ecological risk, 300-600 = considerable ecological risk, 

>600 = very high ecological risk 
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369. Heavy Metal Concentration in River Bed Sediments on the Tugutang Dam Axis. The 
Environmental Monitoring Centre in Hengyang City was commissioned to sample river bed 
sediments along the Tugutang Dam axis on the left, mid and right hand sides of the channel and 
at various depths. It was difficult to collect samples in some sections due to the dredging 
operations. The results are shown in Table 5.15. 
 

Table 5.15: Monitoring Results of Sediment Quality on Riverbed of Dam Line 

Sampling Point 

Parameters (mg/kg) 

Eh (mv) 

(note 1) Cu Pb Cd Zn Mn Hg As Cr6+ 

Left 

Up 315 63.7 91.9 7.46 245.9 835.8 0.313 31.3 0.51 

Mid 283 69.5 96.8 7.13 302.8 958.0 0.200 35.3 0.45 

Down 265 42.5 46.5 2.11 139.8 797.2 0.107 819.3 0.52 

Mid 

Up 260 54.2 70.1 2.62 181.1 823.0 0.156 7.26 0.53 

Mid 208 88.3 138.0 5.09 330.1 843.1 0.074 5.33 0.49 

Down 197 44.9 87.9 5.12 143.6 1.16×103 0.086 20.8 0.70 

Right 

Up 275 55.9 70.0 2.10 200.4 462.2 0.146 75.5 0.59 

Mid 270 71.3 120 3.12 178.1 694.2 0.173 39.9 0.64 

Down 250 84.9 99.5 8.76 289.6 722.8 0.202 28.8 0.66 

Standards Class II 100 300 0.3 250 443 0.5 25 300 
Notes:  1. The oxidation-reduction potential (Eh) in sediments belongs to non-measurement certification item. 
 2. The thickness of stratified sediment sample is about 10cm to 15cm. 
 
370. The concentrations of Cd, Zn, Mn and As exceeded the standards for Class II based on 
the Environmental Quality Standard for Soil GB15618-1995. The value of 819.3 mg/kg for As on 
the left bank is very high, exceeding the standard 32.8 times. There are no significant variations 
in pollution load relating to geographical position in the channel. The heavy metal concentration 
in the mid stratum of various sampling points is generally higher than that of the upper and 
lower strata, although sometimes the maximum concentration is found in the lower stratum. This 
indicates that pollution of the river bed sediments has been going on for years.  
 

5.3  Ecological Resources 
 

5.3.1 Terrestrial Habitats, Flora and Fauna 
 

371. Approach. The baseline studies have been based on the collection and review of 
available data and maps, the study of remote sensing imagery using LandSat 5 Thematic 
Mapper, and field studies to ground truth the satellite imagery and observe habitats, flora and 
fauna at selected sites. The field work was conducted twice, in April and July 2010. The study 
areas included the proposed construction sites, reservoir area, islands, soil borrow sites, and 
transects along existing roads. The surveyors noted the GPS location, elevation, habitat type 
and vegetation community, slope, soil type, and species observed. They also took photographs 
of vegetation structure. Vegetation surveys were based on quadrats 20x20 m2 for trees, 5x5 m2 
in shrublands, and 2x2 m2 or 1x1 m2 for grasslands. Species abundance and diversity was 
analysed using the Braun-Blanquet method. Ancient trees (more than 100 years old) were 



106 

identified in the field, noting their location, species and age. The field workers asked farmers 
about the presence of old trees. Terrestrial fauna surveys were undertaken between March and 
May 2010 based on field observation and interviews with farmers.  
 
372. Main Types of Habitat. The main habitat types in the Xiangjiang River Basin are forest, 
shrubland, grassland, and agricultural land. The forest is mainly distributed in middle and upper 
reaches of the Xiangjiang River Basin, especially in the Xiaoshui Basin. The main forest type 
along the Xiangjiang main stream is a belt of subtropical evergreen broad-leaved forests with 
more than 700 tree species. The valleys are farmed, with plantations of pines, taxodium, and 
cypress, remnant shrublands and grasslands left on the hills.  
  
373. Typical Vegetation Assemblages in the Study Area. Ten terrestrial plant assemblages as 
defined in Vegetation in China (see Appendix II) were found in the study area. These are: 
Cinnamomum camphora forest, Castanopsis sclerophylla, Pinus massoniana forest, 
Cunninghamia lanceolata forest, Pinus felliottii forest, Robinia pseudoacacia forest, Pistacia 
chinensis forest, Rhus chinensis shrubland, Broussonetia papyrifera shrubland and Arundo 
donax shrubland. 
 
374. Wetland vegetation is found in ponds, rivers and waste farms, mostly in small areas.  
The main communities were Alternanthera philoxeroides, Nymphoides peltatum, Ludwigiax 
Taiwanensis, Vallisneria spiralis Community, and Ceratophyllum demersum Community: The 
aquatic vegetation in the river was not surveyed as the river was in flood, fast flowing and the 
water was turbid.  
 
375. Vegetation Diversity and Characteristics of Region and System. There are some 153 
families, 447 genera and 686 species (including the classes lower than species) of vascular 
plants in the assessment area, excluding crops and garden plants. The diversity is reduced due 
to the small variation in elevation, habitat niches and long standing human occupation and this 
area has the worst vegetation diversity in Hunan Province. Three species new to the area were 
found during the studies, Triodanis biflora an exotic originally cultivated in America, Mexico, and 
in South America, Melilotus albus which is mainly distributed in the northwest and north of China 
and in Sichuan and Yunan in the southwest of China, and Ludwigiax taiwanensis.  
 
376. Nationally Protected Wild Plants. There are five species of nationally protected wild 
plants in the assessment area which are identified in Table 5.16. 
 

Table 5.16: Species of Nationally Protected Wild Plants in the Study Area 
Name of Species Protection 

Class Distribution 

Glycine soja II Vast distribution, often seen 
Fagopyrum dibotrys II Relatively vast distribution, often seen 
Cinnamomum camphora II The prevailing tree species in the hills and mountains. 
Camptotheca acuminate II Nearby the village, seen by chance
Ormosia henryi II Seen by chance

 
377. Ancient Trees. Some 57 old trees were observed in the project construction area. 50 
were found in Hengnan County, of which 46 were located in Songjiang Town, 2 in Yunji Town 
and 2 in Sujiang Town. In addition, 1 tree was observed in Tanxia Village, Leiyang City and 6 
trees were found in Songbai Town, Changning City. The two oldest trees were found in Tianqin 
Village, Songbai Town, Changning City. These were specimens of Cinnamomum camphora with 
a diameter at breast height of 147cm and 198cm respectively, which were estimated to be c350 
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years old and are included in the National Grade II key protection old trees. The other 55 trees 
are between 100 and 299 years old, and are classified as National Grade III key protection old 
trees. Of the 57 old trees, 36 are Bischofia polycarpa, 8 are Cinnamomum camphora, 6 Pistacia 
chinensis Bunge, 2 Cupressus finebris, 2 Liquidambar formosana, 1 Sapium sebiferum, 1 
Gleditsia sinensis, and 1 Vitex quinata. All the old trees are located near villages or in the scenic 
forest and are not in the potential reservoir area.  
  
378. Terrestrial Fauna. Based on the literature reviews and the field studies undertaken in 
May 2010, some 131 species of amphibians, reptiles, birds and mammals are believed to occur 
in the study area (Table 5.17). The most common class of fauna is birds with 80 species, 
followed by mammals with 21 species, reptiles with 20 species and amphibians with 10 species. 
Some 81 of the 131 species identified originate from the Oriental region, 32 are widespread and 
18 species (mostly birds) are Palaearctic in range. Eleven species, nine of them birds, are Class 
II protected species. Lists of species found in the study area are presented in Appendix III.  
 

Table 5.17: Terrestrial Fauna identified in the Study Area, May 2010 
Classification Rank Region and System of Animals Protected Animals 

Class Order Family Species Oriental
region

Palaearctic
region

Widespread
species II Animals important for

economic or scientific value
Amphibia 1 5 10 8 / 2 1 9 

Reptiles 3 8 20 11 / 9 / 19 

Birds 14 30 80 48 15 17 9 62 

Mammals 6 11 21 14 3 4 1 12 

Total 24 54 131 81 18 32 11 102 

 
379. Birds. Of the 80 bird species recorded 62 were observed in the project area. The most 
numerous of these was the Chinese Bulbul Pycnonotus sinensis. 11 general species were 
observed namely Little Egret Egretta garzetta, Chinese Pond Heron Ardeola bacchus, Cattle 
Egret Bubulcus ibis, Spotted Dove Streptopelia chinensis, Barn Swallow Hirundo rustica, Red-
rumped Swallow H. daurica, Collared Finchbill Spizixos semitorques, Long-tailed Shrike Lanius 
schach, Crested Myna Acridotheres cristatellus, Eurasian Tree Sparrow Passer montanus and 
White-rumped Munia Lonchura striata. Some 50 species less frequently observed were the 
Little Grebe Tachybaptus ruficollis, Intermediate Egret Egretta intermedia, Great White Egret 
Egretta alba and the Black-crowned Night Heron Nycticorax nycticorax.  
 
380. Mammals.  Some 21 species of mammals are believed to exist in the study area. The 
most common family of mammals are Rodents accounting for almost half of all species. Other 
species include Carnivores, Insectivors, Chiroptera (bat), Lagomorpha (hares and rabbits), and 
Artiodactyla (even toes ungulates). 14 of the 21 species of mammals found in the assessment 
area are from the Oriental region. Three species originate from the Palaearctic region, namely 
European Hedgehog Erinaceus europaeus, Formosa yellow-throated Marten Martes flavigula 
chrysospila and Chinese Ferret Badger Melogale moschata. Four species are considered to be 
geographically widespread, namely the Japanese House Bat Pipistrellus abramus, House 
Mouse Mus musculus, Hog Badger Arctonyx collaris and wild boars. The most commonly 
observed species in this area are Chinese Hare Lepus s. sinensis, Brown Rat Rattus norvegicus 
and Siberian Weasel Mustela sibirica. 
 
381. Amphibia and Reptiles. According to previous records and observations during the 
field investigations, there are believed to be 10 species of Amphibia in the study area, 
comprising together True Toads Bufonidae (1 species), Tree Frogs Hylidae (1 species), True 
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Frogs Ranidae (5 species), Shrub Frogs Rhacophoridae (1 species) and Small Frogs 
Microhylidae (2 species). There are some 20 species of Reptiles, mostly snakes and two 
species of turtle. The severely poisonous snakes are the Many Banded Krait Bungarus 
Multicinctus, Chinese cobra Naja atra and Short tailed Mamushi (pit viper) Gloydius 
brevicaudus. 
 
382. Nationally Protected Fauna. The number of nationally protected fauna in the study 
area is relatively small given the extensive human occupation. These comprise nine species of 
bird, one mammal and one amphibian. Five of these species are Common Buzzard Buteo 
buteo, Chinese Bullfrog Rana rugulosa, Common Kestrel Falco tinnunculus, Asian Barred Owlet 
Glaucidium cuculoides, and Grass Owl Tyto capensis. A further six bird species are of foreign 
origin but live in the study area, namely Chinese Sparrowhawk Accipiter soloensis, Besra A. 
virgatus, Collared Scops Owl Otus bakkamoena, Eurasian Scops Owl O. scops, Short-eared 
Owl Asio flammeus and Yellow-throated marten Martes flavigula. 
 
383. Reservoir area. Within the reservoir area, only four species of amphibians were 
observed and they are not protected. Very few snakes were observed and none of them is 
protected. No Class I protected birds were observed, but a few Class II birds were seen flying 
over. Most of the mammals observed were rats and not nationally protected.  
 
384. Resettlement area. In the resettlement areas, seven species of frogs and ten species of 
snakes are believed to occur. None is nationally protected. None of the bird species observed 
are nationally protected. The mammal Small Indian Civit Viverricula indica is a protected 
species.   
 

5.3.2 Aquatic Ecology: Plankton, Benthos and Fisheries 
 

385. Approach. The aquatic ecology of the main stream of the Xiangjiang River and the main 
tributaries was analysed. Eleven monitoring stations were identified, comprising nine stations on 
the main stream (Jinweizhou d/s of the Dam, Chongling River, Tugutang Dam Site, u/s of 
Dayuandu Dam, d/s of Dayuandu Dam, u/s of Zhuzhou Dam, d/s of Shuzhou Dam, Changsha 
Dam Site, and Haokekou), and three on the tributaries (Chongling River, Lei River and Mi 
River). The wide distribution of the sampling sites was undertaken to evaluate the aquatic 
resources at a regional level, in particular to cover the semi-migratory and migratory species. 
  
386. Phytoplankton and Zooplankton. Plankton were collected from the sampling sites during 
the dry season (November to December 2009) and the wet season (April to May), and returned 
to the laboratory for identification. The results are presented in Appendix IV. 
 
387. Zoobenthos. Zoobenthos were collected from the sampling sites during the dry season 
(November to December 2009) and the wet season (April to May), and returned to the 
laboratory for identification. The results are presented in Appendix IV.   
388. Fish. The fish studies were based on fish surveys, investigations of local markets, and 
consultation with the local Fishery Bureau and farmers. Fish obtained from fish surveys were 
identified in the field and a small sample were brought back to the laboratory and examined to 
identify the food consumed.  
 
389. Phytoplankton. Some 139 species of phytoplankton were found in the study area, with 
130 species found during the 2009 dry season and 123 species in the 2010 wet season. A 
summary of the main families, genus, and species is presented in Table 5.18 and the spatial 
distribution of the main families is illustrated in Figure 5.9.  
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Table 5.18: Summary of the main phytoplankton families 
 Genus Species Percentage of total 
Bacillariophyta 23 65 46.8% 
Chlorophyta 24 47 33.8% 
Cyanophyta 11 17 12.3% 
Pyrrophyta 1 1 0.7% 
Euglenophyta 3 5 3.5% 
Cryptophyta 1 2 1.4% 
Chrysophyta 2 2 1.4% 
Totals 65 139 99.9 

 
Figure 5.9: Distribution of species of phytoplankton species in the main river (from 

upstream to downstream) and in three tributaries 

 
 

Table 5.19: Summary of density and biomass of phytoplankton 
Family  Mean Density Biomass 

No. 
individuals/L 

Percentage Concentration 
mg/l 

Percentage 

Bacillariophyta 212,641 42.8 2085x10-4 36.2 
Chlorophyta 28,376 5.7 1415x10-4 24.4 
Cyanophyta 230,287 46.3 494x10-4 8.5 
Pyrrophyta     
Euglenophyta 2,838 0.5 72x10-4 1.2 
Cryptophyta 103,572 20.7 1721x10-4 29.7 
Chrysophyta     
Totals 497,3743 100.0 5787x10-4 100.0 

 
390. The mean density of phytoplankton was estimated to be 497,374 individuals/L, with 
673,216 individuals/L in the wet season and 482,212 individuals/L in the dry season.  The main 
types of phytoplankton were Cyanophyta (blue green algae) and Bacillariophyta, with the former 
dominant during the wet season and the latter dominant in the wet season. The mean biomass 
of phytoplankton was 5,787x10-4 mg/l, with Cryptophyta dominant in the wet season and 
Bacillariophyta in the dry season. Overall the quantity of plankton is relatively low. On the main 
stream of the Xiangjiang River, the type and quantity of phytoplankton are similar during the wet 

                                           
3 The percentages are calculated using the mean density of phytoplankton of 497,374 individuals/L. 
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and dry season, but on the tributaries, there are more phytoplankton during the dry season. 
 
391. Zooplankton. Zooplankton play an important role in the ecosystem structure, function 
and biological productivity, and are generally divided into four groups: protozoa, rotifera, 
cladocera, and copepods. Some 80 genera and 161 species of zooplankton were found in the 
study area during the dry and wet seasons.  
 
392. Most zooplankton were Rotifera, with 68 species or 42.24% of the total species 
identified, followed by Protozoa with 66 species (41% of the total), Cladocera with 15 species 
(9.32% of the total) and Copepods with 12 species (7.45% of the total) (see Table 5.20). The 
predominance of Rotifera and Protozoa is typical of river biotope structures. Zooplankton 
diversity is good. The highest diversity was found downstream of Dayuandu dam site and the 
lowest diversity was found around Zhuzhou and Tugutang dam sites. The highest diversity was 
found upstream of Dayuando in the wet season and on the Mishui tributary in the dry season 
(Figure 5.10).  
 

Table 5.20: Summary of Zooplankton Families in Different Reaches  
of the Xiangjiang River 

Location 
Protozoa Rotifera Cladocera Copepods Totals 

No. 
species (%) No. 

species (%) No. 
species (%) No. 

species (%) No. 
species (%) 

M
ai

n 
S

tre
am

 

Jinweizhou d/s of Dam 24 47.06 25 49.02 1 1.96 1 1.96 51 100 
Chonglingshui 23 47.92 22 45.83 0 0 3 6.25 48 100 
Tugutang Dam Site 13 29.55 26 59.09 2 4.55 3 6.82 44 100 

U/s of Dayuandu Dam 24 42.11 23 40.35 6 10.53 4 7.02 57 100 

D/s of Dayuandu Dam 26 36.62 37 52.11 5 7.04 3 4.23 71 100 
U/s of Zhuzhou Dam 19 43.18 20 45.45 2 4.55 3 6.82 44 100 
D/s of Zhuzhou Dam 14 41.18 15 44.12 2 5.88 3 8.82 34 100 
Changsha Dam Site 22 44 20 40 5 10 3 6.0 50 100 
Haokekou 22 39.29 26 46.43 5 8.93 3 5.36 56 100 

Tr
ib

ut
ar

ie
s 

Chonglingshui 24 50 21 43.75 1 2.08 2 4.17 48 100 
Leishui 18 40 20 44.44 5 11.11 2 4.44 45 100 

Mishui 30 48.39 28 45.16 1 1.61 3 4.84 62 100 

Totals 66 40.99 68 42.24 15 9.32 12 7.45 161 100 
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Figure 5.21: Spatial Distribution of Zooplankton in the Main Stream from upstream to 
downstream, in the three Tributaries, and the total 

 
 
393. The mean density of zooplankton was 1118 individuals/L: with Protozoa accounting for 
92% with 1031 individuals/L, followed by Rotifera with 7.6% and 86 individuals/L. The density of 
Cladocera and Copepods was very low with 0.05 individuals/L (0.004%) and 1.14 individuals/L 
(0.102%) respectively. The mean density and biomass of zooplankton was higher in the main 
channel than the tributaries, and increased in the downstream direction. The highest densities 
were found at Changsha dam site and the lowest at Tugutang dam site. The highest biomass 
was found upstream of Dayuandu dam and the lowest at Tugutang dam site. Protozoa 
dominated the density and biomass of zooplankton. 
 
394. Zoobenthos. Zoobenthos are small animals that live on or in aquatic substrates. The 
distribution of zoobenthos is strongly influenced by the type of substrate of the river bed, be it 
hard substrate, coarse gravels, sands or fine muds. Three groups of zoobenthos were studied, 
arthropods (invertebrates with an external skeleton, segmented body and jointed appendages), 
molluscs (invertebrates with an external shell such as snails), and annelids (segmented worms).  
 
395. Some 40 species of zoobenthos were identified divided into 18 species of arthropods 
accounting for 45% of the total number of species, 6 species of mollusc accounting for 40%, 
and 6 species of Annelids accounting for 15%. The dominant benthos species were Limnodrilus 
hoffmeisteri, tubificid worms, Bellamya purificata, Bellamya aeruginosa, Limnoperna lacustris, 
Cloeon dipterum, and Caridina sp. 
  
396. The Xiangjiang River bed is mostly comprised of gravels and sands. Some 38 species of 
zoobenthos were found in the main channel, dominated by arthropods (44.7%), followed by 
molluscs (39.5%), and annelids (15.8%) respectively. The river bed sediments in the tributaries 
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mainly are sand and silts. In these reaches 14 species of zoobenthos were found, dominated by 
molluscs and arthropods accounting for 50% of species each.  
 
397. The mean density of zoobenthos in the assessment area was 188 individuals/m2, 
dominated by molluscs with 101 individuals/m2 (53.7% of the population), annelids with 52 
individuals/m2 (27.7%), and arthropods with 35 individuals/m2 (18.6%). The total biomass of 
zoobenthos was 53.35 g/m2, which was dominated by molluscs with 49.95 g/m2 (93.6%), 
followed by arthropods with 2.55 g/m2 (4.8%), and annelids with 0.85g/m2 (1.6%).   
 
398. The variation between sampling locations was not large. There were higher densities in 
the dry season than the wet season, which may be due to the removal of benthos downstream 
during flood conditions. 
 
399. Aquatic vascular plants. In the assessment area the Xiangjiang River is largely 
embanked, with a broad channel, with strong variations in flow between the wet and the dry 
season, high suspended sediment and bed loads during floods, and low water transparency. 
These conditions are not conducive to supporting emergent and floating aquatic plants. A small 
number of aquatic vascular plants grow in subcritical flow areas in the main channel and on 
sand bars and mudflats in the channel, but these habitats are relatively small in area. Species 
identified in the study area included: eel grass, mezreb, hornwort, Potamogeton malaianus, 
Myriophyllum spicatum, and aquatic vascular plants such as water peppers, reeds, Scirpus 
tabernaemontani, Altemanathera philoxerodes, and water hyacinth.  
 
400. Fish. Based on previous surveys4, published works5, and the fish surveys conducted for 
this project, there are some 152 fish species including subspecies in the Xiangjiang River 
system (see Appendix IV), which belong to 11 orders and 24 families, and include 41% of the 
total fish species (370 species) found in the Yangzhi River System. The main Order of fish are: 
 

• Cypriniformes: 105 species accounting for 69.1% of the fish species in the  
Xiangjiang River System;  

• Silurformes: 20 species accounting for 13.2% of the total fish species 
• Perciformes: 12 species (7.8%);  
• Other Orders: 15 species in total accounting for 9.9%.  

 
401. The most abundant families of fish are:   
 

• Cyprinidae: 88 species accounting for 57.9% of fish in the Xiangjiang River 
System; 

• Bagridae: 15 species accounting for 9.9% of the total fish;  
• Cobitidae: 12 species 7.9% of the total fish;  
• A further 21 families account for the remaining 37 species and 24.3% of the 

total fish in the Xiangjiang River. 
   

402. This project investigated 93 fish species, which account for 61.2% of the total fish 
species believed to occur in the Xiangjiang River System. The number of species found in the 
main river varied from 29 species in the Jinweizhou to Dayuandu Dam section; 32 species 
between Dayuandu and Zhuzhou dam; and 47 species from Zhuzhou to Haohekou. In the four 

                                           
4 Hunan Province general fish survey of 1973 and the Province fish regionalisation of 1983.  
5 Hunan Ichthyography, Slivnformes Osteichthyes Fauna of China, and Cypriniformes Osteichthyes Fauna of China. 
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main tributaries, there were 57 species in the Liuyanghe, 23 species in the Chonglingshui, 24 
species in the Leishui, and 45 species in the Mishui.  
 
403. The largest family investigated during the study were the Cyprinidae with 54 species 
accounting for 58.05% of the total, followed by Bagridae with 3 genus and 10 species, Cobitidae 
with 3 genus and 7 species, and Serranidae with 1 genus and 6 species. The number of other 
families is small with 1 to 2 genus and 1 to 2 species. 
 
404. The Xiangjiang River is one of three spawning grounds for the “Four Major Chinese 
Carp” on the Yangzhi River according to a study in the 1960s. These migratory fish live in Lake 
Dongting, but migrate up the Xiangjiang during the main flood season between April and June to 
spawn and then return to Dongting Lake. The fish eggs float downstream back to Lake 
Dongting.    
 

• Black carp Mylopharyngodon piceus 
• Grass carp Ctenopharyngodon idellus 
• Silver carp Hypophthalmichthys molitrix 
• Big-headed carp Aristichthys nobilis 

 
405. Ecological Features. The fish species can be grouped according to their main feeding 
habits, their habitation (migratory or non migratory), and habits for egg-laying.  
 
406. The main feeding habitats for the fish species in the study area are:  

• Carnivorous fish: fish that eat animals e.g. herring, yellowcheck carp, 
Ochetobibus elongates, Long spikyhead carp, culter, catfish, Silurus 
meridionalis Chen, Yellow catfish, Barcheekgoby, mandarin fish, 
snakeheaded fish, dark sleeper, Coilia ectenes, etc. 

• Omnivorous fishes: fish that eat animals and vegetable matter e.g. Chinese 
sturgeon, carp, crucian carp, silver xenocypris, Onychostoma sima, 
Squaliobarbus curriculus, Cirrhinus molitorella, gudgeon, Largefin longbarbel 
catfish, Reeves shad, Common eel, Botia robusta Wu, etc. 

• Herbivorous fishes: fish that eat vegetable matter e.g. grass carp, 
Parabramis pekinensis, Chub, etc. 
 

407. The main types of migratory and non-migratory fish are:  
• Migratory Salt-To-Fresh Water Fish, e.g. Chinese sturgeon, Reeves shad, 

Coilia ectenes, Shortnose noodlefish, Common eel etc. These species of fish 
are seldom seen. 

• Half-Migratory Fish, e.g. Chub, Bighead carp, grass carp, herring, 
yellowcheck carp, Ochetobibus elongates, Long spikyhead carp, bream, 
Xenocypris argentea Gunther etc. These species of fish are in a state of 
decline. 

• Sedentary Fish, e.g. carp, crucian carp, Yellow catfish, catfish, Largefin 
longbarbel catfish, Xenocypris davidi, Topmouth culter, Mongolian culter, 
snakeheaded fish, Silurus meridionalis Chen, etc. These species of fish form 
the main body of fish species in the Xiangjiang River. 

• Sedentary fish in mountain stream, e.g. Discogobio tetrabarbatus, Clarias 
fuscus, Lepturichthys fimbriata, Sinogastromyzon hsiashensis, Vanmanenia 
pingchowensis, Pseudogastromyzon fangi, etc. These species of fish 
resource are relatively few. 
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408. The main groups of spawning habits are: 
 

• Open water spawning. These fish spawn in the water body and the fertilised 
eggs grow within the water column or on the surface, i.e. epipelagic eggs 
and floating eggs. The epipelagic egg membrane is not sticky and the egg 
has a specific gravity which is less than water, and contains oil globules that 
allow the eggs to float on the water surface or in remain suspended in the 
water column to hatch. These eggs are commonly found in still waters, e.g. 
those of Snakeheaded fish. Floating eggs are demersal eggs, which initially 
sink to the bottom of the water column, but as the egg membranes expand 
through absorption of water the specific gravity of the egg approaches that of 
water, allowing the eggs to float and be carried downstream. Fish species 
belonging to this group include the Four Major Chinese Carp – black carp, 
grass carp, silver carp, big-headed carp – as well as chub, yellowcheek carp, 
Ochetobibus elongates, Long spikyhead carp, and bream. The reproduction 
of these fish requires flood conditions as the spawning takes place in the 
upper reaches and the fertilised eggs drift downstream to hatch and mature 
in the downstream river and Dongting Lake. 

• Spawning among aquatic plants by fish with adhesive eggs, e.g. Cyprininae, 
Cultrinae, and Siluriformes. Eggs are smeared over the stem and leaf of 
aquatic weeds and left to develop. 

• Spawning in river gravel beds, e.g. Chinese sturgeon, Abbottina rivularis, 
Yellow catfish, and Cobitidae. Fish lay their eggs among the stones, gravels 
and sands of the river bed. 

• Spawn in shellfish, e.g. Acheilognathinae. During the spawning season, the 
female develops an ovipositor to spawn in freshwater mussels. 
 

409. Fish Resources and Composition of Fish Catches. The following section describes 
the resources of the reaches of the Xiangjiang River.  
 
410. River Section from Jinweizhou to Dayuandu Dam. Some 25 species were caught in this 
section, the most common species caught in terms of numbers were Opsaeiichthys uncirostris 
bidens, Xenocypris davidi, and Ctenopharyngodon idellus. Five species accounted for 83% of 
weight of the fish catch, namely black carp Mylophargngodon piceus (39%), grass carp 
Ctenopharyngodon idellus (18%), carp (12%), Xenocypris davidi (9%), and Squalidus 
argentatus (5%), of these two of the Four Major Chinese Carp, the black carp and grass carp 
accounted for 57% of the catch by weight. Table 5.21 summarises information on the weight and 
length of fish caught.  
 

Table 5.21:  Morphology of fish caught in the survey 
Species Weight (g) % by 

Weight No. % Mean 
weight (g) 

Length  
range (mm) 

Weight range 
(g) 

S. scherzeri  17 0.07 1 0.35 17 93 17 
Ctenopharyngodon idellus  4208.6 18.12 11 3.86 382.6 145 - 550 50.3 - 3,400 
S. roulei Wu 13.4 0.06 1 0.35 13.4 103 13.4 
Rqualiobarbus Curriculus 219.5 0.95 1 0.35 219.5 235 219.5 
S. nigripinnis nigripinnis 5.9 0.03 1 0.35 5.9 70 5.9 
Sinibrama wui  28.7 0.12 5 1.75 5.7 62 - 78 3.9 - 7.7 
Pelteobagrus fulvidraco 332.1 1.43 8 2.81 41.5 60 - 185 4.5 - 106.3 
 Xenocypris davidi  2096 9.02 21 7.38 99.8 135 - 265 38  - 400 
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411. River Section from Dayuandu to Zhuzhou Dam. Some 29 species were caught in this 
reach, with Pseudorasbora parva, crucian carp, Pseudobrama simony, Yellow catfish, and 
Largefin longbarbel catfish accounting for 71% of the catch.  The largest percentage of the 
catch by weight was crucian carp (21.9%), followed by carp (19.0%), Largefin longbarbel catfish 
(7.2%), Pseudobrama simony (6.9%), Parabramis pekinensis (6.0%), Siniperca kneri Garman 
(5.5%), and Yellow catfish (5.4%). The size of the fish caught in this section was small, mostly 
under 500g, except for Cyprinus Carpio haematerus.  
 
412. River Section from Zhuzhou Dam to Haohekou. Some 36 species fish were caught in 
this section. Six species accounted for 57% of the catch, namely Distoechodon hupeinensis, 
Squalidus argentatus, crucian carp, Longnose gudgeon, Yellow catfish, and Pelteobagrus 
vachelli. The main species by weight were chub (23%), grass carp (14%), Parabramis 
pekinensis (13.6%), carp (13.1%), and Distoechodon hupeinensis (11.1%). The size of fish 
caught was small, mostly below 500g, with a few species more than 1000g. The heaviest fish 
caught was a specimen of Ctenopharyngodon idellus at 2585.1g. 
 
413. Important Fish Habitats. There are three important fish habitats, spawning sites, 
feeding grounds and overwintering grounds.  
 
414. Spawning Sites. There are two main types of spawning sites, those favoured by fish that 
lay floating eggs and those that lay sticky demersal eggs.   
 
415. Spawning sites for fish that lay floating-eggs. There are five spawning sites for fish that 
lay floating-eggs in the study area, four are located in the main stream and one in the Chongling 
tributary (see Table 5.22 and Figure 5.11). Water samples were collected from spawning 
grounds between 15 April and 30 May to count the amount of spawn and identify the species. 
 

Table 5.22: Distribution of Spawning Sites for Fish that lay Floating-eggs in the Tugutang Reservoir 
Area (April- May, 2010) 

No. Name Development Stages 
Time from 
fertilization 

(h) 

Floating 
distance 

(km) 
Range Length 

(km) 
Interval 

time 
(km) 

1 Dabao Otoliths growth phase-
Muscular contraction 30～25 98～88 Tuqiaowan～Dabao 10  

2 Baifang Neurula－Appearance 
of Somite 15～13 50～45 Wansong～Baifang 5 38 

3 
Songjiang River 

(intersection area of 
Chonglingshui River) 

Late gastrula－early 
gastrula 9～7 28～22 Songjiang 

River～river mouth 6 17 

4 Yushi late blastula－morula 
stage 4～2 11～6 Yushi～Shitang 5 11 

5 Yanzhou 
(Chonglingshui River) 

Late gastrula－early 
gastrula 9～7 28～22 Yanzhou～Wanyang 6  

 

Species Weight 
(g) 

% by 
Weight No. % Mean 

weight (g) 
Length  

range (mm) 
Weight range 

(g) 
Cyprinus Carpio haematerus 2804 12.08 3 1.05 934.7 110 - 450 35.9 - 2,700 
Opsaeiichthys uncirostris bidens 663.1 2.86 27 9.48 24.6 95 - 155 15.9 - 76.9 
 Misgurnus anguillicaudatus 10.3 0.04 1 0.35 10.3 98 10.3 
Mylophargngodon piceus 9135 39.35 2 0.70 4567.5 198 - 610 135 - 9,000 
Opgiocephalus argus   430 1.85 1 0.35 430 275 430 
H. bleekeri bleekeri  14.1 0.06 2 0.70 7.1 75 - 88 5.7 - 8.4 
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Figure 5.11: Main Spawning Grounds and Distribution of Floating Eggs in the Tugutang 
Hydropower Station of Xiangjiang River 

 
416. Based on the sampling programme undertaken in April-May 2010 the scale of spawning 
was estimated to be 6.72×108 eggs. A summary for the Four Major Chinese Carp, economically 
important species and other species is presented in Table 5.23. The spawn from the Four Major 
Chinese Carp only account for a little over 1% of the spawn collected, and this is dominated by 
two species, the grass carp and the black carp. Almost 40% of the spawn was for economically 
important fish, with Squaliobarbus curriculus and Mongolian culter dominating. Almost 60% of 
the spawn was laid by non-economic species.  
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Table 5.23: Summary of the scale of spawning in the Xiangjiang River 
(April – May 2010) 

Fish species Spawning scale – 
approx. no. of eggs 

Percentage of spawn in the 
sampling period 

Four major Chinese carp 
 
- grass carp  
- black carp 

8.87×106

 
5.31×106 
3.43×106 

1.32 
 

0.79 
0.51 

Major economic species 
 
- Squaliobarbus curriculus 
- Xenocypris microlepis 
- Xenocypris davidi 
- Mongolian culter 
- Topmouth culter 

2.64×108 
 

1.16×108 

3.97×107 
1.475×107 
8.495×107 
8.24×106 

39.72 
 

13.31 
5.91 
2.19 

12.63 
1.22 

Other non-economic fish 
- Lepturichthys fimbriata 
- Parabotia fasciata Dabry 
- Squalidus argentatus 
- Ochetobibus elongates 

4×108 59.41 

 
• Dabao Spawning Site. This is a small spawning ground in the upper reaches 

of the proposed Tugutang barrage. The main species spawning here are 
Squalidus argentatus and Squaliobarbus curriculus which laid approximately 
7540x104 eggs accounting for 61% of the total. The Four Major Chinese 
Carp laid about 470x104 eggs accounting for less than 4% of the spawning 
scale.  

• Baifang Spawning Site. This is a large spawning site on the Xiangjiang River. 
The main spawning species are Squaliobarbus curriculus and Squalidus 
argentatus, laying some 23,624X104 and 5,661x104 eggs respectively and 
accounting for 74% of all spawning here. Two of the Four Major Chinese 
Carp, the black carp and grass carp, together laid about 209x104 eggs 
accounting for 0.5% of all spawning.  

• Songjiang River Spawning Site. Three species, Squalidus argentatus, 
Mongolian culter and Squaliobarbus curriculus, account for 92% of all 
spawning, laying approximately 7480x104, 2946x104, and 2379x104 eggs 
respectively. Two of the Four Major Chinese Carp, black carp and grass carp, 
laid approximately 208x104 eggs and accounted for 1.5% of spawning.  

• Yushi Spawning Site. This is the smallest spawning site on the Xiangjiang. 
Three species account for 82% of spawning, namely Squalidus argentatus, 
Xenocypris microlepis, and Squaliobarbus curriculus, which laid 
approximately 387x104, 270x104, and 334x104 eggs respectively. This site 
used to be a main spawning site for the Four Major Chinese Carp, but 
spawning has stopped due to local economic development and sand 
excavation which damaged the river bed and habitat.  

• Yanzhou Spawning Site. This is a large spawning site upstream of the 
proposed Tugutang barrage site. The main species spawning here are 
Squaliobarbus curriculus and Squalidus argentatus, laying some 9449x104 
and 2325x104 eggs respectively and accounting for 74% of all spawning. The 
Four Major Chinese Carp no longer spawn here.   
 

417. Three floating-egg fish spawning sites exist below Zhuzhou Dam with an estimated 
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combined spawning scale of some 67,283x104 eggs The main species spawning in these areas 
are Mongolian culter (36.8%), Squaliobarbus curriculus (24.4%), Xenocypris microlepis (10.2%), 
X. davidi (9.1%), and Silver carp (0.2%).  
  
418. Spawning sites for fish laying sticky demersal eggs. Some species of fish in the 
Xiangjiang River lay sticky demersal eggs. These are mainly from the families Bagridae, 
Siluridae, and Sisoridae, carp, crucian carp, Semilabeo prochilus, and Procyptis rabaudi. The 
breeding season for these fish is from March to April. These fish require sandy and gravelly river 
bed sediments and aquatic weeds to reproduce. After spawning, the fertilised eggs are placed in 
gaps in the gravels and stick to the sand and plants. Biotopes meeting the conditions of these 
fish are common in the Xiangjiang River, but their spawning sites are small scale, unstable, and 
scattered. The main sites are downstream of Jinweizhou Dam, downstream of Dayuandu Dam 
the mouth of the Chonglingshui, the mouth of Mishui and mouth of the Weishui. 
 
419. Feeding Grounds. Dongting Lake is an important feeding ground in the project area. It 
forms part of a large river-lake ecosystem between the four main rivers that drain to the lake 
and the Yangzhi River. Since the construction of the Three Gorges Dam, the lake has become a 
more important resource in the middle Yangzhi basin. 
 
420. As the water temperature begins to rise in March, fish from the overwintering grounds 
swim upstream to feed. The fish chiefly feed on organic detritus and benthic invertebrates. 
Shallow waters with good light conditions, and the gravel shoals and river beaches support rich 
benthic invertebrates, which are important food sources. From April to May, the water levels in 
the Xiangjiang River increase and fish swim upstream and into the tributaries. Fish that prefer 
torrential waters move into the rapids while fish that prefer slow-flowing or still water keep to the 
deep pools and slow flowing waters in the backwater sections of river meanders, open and 
gentle river sections, the mouths of tributaries, and the tributaries themselves. From May to July 
every year the Xiangjiang River is in flood. Fish swim upstream to the proposed reservoir 
inundation areas and tributaries to feed as the water level increase and the fish enlarge their 
range to find food. The study reach supports suitable conditions for spawning and rearing 
juveniles, where the flow is gentle and tributaries are well developed. The main feeding grounds 
are the mouth of the Chonglingshui, Leishui, Mishui, and Weihu, the Dayuandu reservoir area, 
the Zhuzhou reservoir area, etc. 
 
421. Overwintering Grounds. After every November the flow, water level and temperature of 
the Xiangjiang River and fish activity decreases. A small number of fish from the tributaries or 
shoals swim into deeper water to overwinter where there are rich food resources and stable 
temperatures. A large number of fish swim into Dongting Lake to overwinter. Other important 
overwintering grounds include: Songjiang River, Shitang, Yunji Bridge, Chejiang, Dayuandu 
reservoir area, and Zhuzhou reservoir area.  
 
422. Historic Trends on Fish Resources. The fisheries of the Xiangjiang River have 
declined markedly in recent years. The main reasons are likely to be the construction of river 
barrages, overfishing, sand mining and water pollution.  
 
423. The fish records point to several changes in recent years to demonstrate the declining 
fisheries: 

• The amount of fry for the Four Major Chinese Carp is estimated to have 
fallen from about 500 million in the last century to about 10 million at present 

• The proportion of fry for the Four Major Chinese Carp has fallen from about 
20% in the 1960s and 1970s to <2% at present 
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• The main period of fish fry has shifted forward by a month from end April to 
end May in the 1960s and 1970s to June at present 

• Between 1998 and 2003, perch fry has reduced and was not found in three 
successive years. 

• Fish catches and the size of fish caught are becoming smaller, and the catch 
per unit effort (CPUE) is a fifth of that in the 1980s.  

• The presence of rare fish is declining and rare fish such as hilsaherring are 
becoming endangered.  

• The presence of migratory fish in the Xiangjiang has almost disappeared. 
Prior to the 1970s, migratory fish such as the Chinese sturgeon, Anguilla 
japonica, and hilsaherring were found in the river. Hilsaherring, which 
migrates to the sea, have not been found in the Xiangjiang for 20 years. 
Chinese sturgeon and Anguilla japonica have not been found since before 
the construction of the Zhuzhou and Dayuandu projects as their migration is 
obstructed.  Mullet was common in the lower Xiangjiang and Dongting Lake 
in the 1970s, but is difficult to find in the Xiangjiang. Leptobotia elongate was 
not caught in the Xiangjiang in 2009-2010. 
 

424. The fish surveys undertaking for this study show that the different reaches of the river 
are dominated by different communities of fish. For example, the Hengyang Changning section 
is dominated by carp, crucian carp, catfish and Pelteobagrus, with the Four Major Chinese Carp 
only accounting for 10.8%. The Changzhutan section has abundant bass, carp, crucian carp, 
bream, catfish and Pelteobagrus, while the proportion of the Four Major Chinese Carp has fallen 
from about 40% to 25%. Dongting Lake is dominated by carp, crucian carp, catfish and 
Pelteobagrus which account for more than 92% of fish. The fishery resources of the Xiangjiang 
River are becoming more dominated by non-migratory, sedentary fish, than the migratory and 
semi-migratory fish.  
 
425. Overfishing. Overfishing may be the main cause for the decline in fisheries. Poor 
regulation coupled with strong demand for fish has encouraged fishing, especially for 
communities on the river bank with no land for agriculture. The Administration has introduced a 
closed season for fishing but has not dealt with compensation for loss of income, and many 
fishermen have limited alternatives.   
 
426. Cascade of River Barrages. The cascades, which have been built without fish passes, 
form a physical barrier to the movement of fish and floating eggs. During the flood season, the 
gates are open to allow the flood through due to the lack of upstream storage, and migratory 
and semi-migratory fish can pass up river provided that they are not disturbed by the structures 
and that they can still swim against the flow velocities. Similarly the fish can return downstream 
after spawning, provided that the gates are still open during the floods or by using the ship 
locks. Again this depends on the fish not being disturbed by the changing hydrological 
conditions and physical presence of the structures. The reduction in flow velocities in the 
reservoirs and the closure of the gates once the floods have passed mean that the floating eggs 
do not travel sufficiently downstream to replenish fish stocks in the lower part of the river and in 
Dongting Lake. The environmental impact assessments undertaken for the construction of the 
Zhuzhou and Dayuandu Complexes assessed impacts on fish by identifying presence of fish 
and noting migration and spawning areas. They did not identify any new pollution or damage 
caused by the proposed dams, and concluded there would be no impact. However, this was 
dependent on a fish pass being provided in the construction for migrating fish.  However, it is 
understood that no fish passes have yet been constructed and thus the dams are believed to 
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have created major obstacles for migratory fish. Since their construction such fish species are 
no longer found upstream of these barrages. Other hydropower schemes built on the tributaries 
including the Leishui, Mishui and Conglingshui are believed to have interrupted the movement 
of fish between the main stream and the tributaries.  
  
427. The creation of a series of reservoirs has changed the hydrology along the river, 
resulting in the increased depth in sections of the river, potentially including spawning and 
feeding grounds, and resulting in lower flows in the downstream part of the reservoirs which 
favours certain species of fish and prejudices others.  
 
428. Water (and Sediment) Quality. The water quality of the river may have contributed to the 
decline in fisheries. The level of water pollution is generally light, but there is localised 
degradation due to the discharge of industrial and domestic wastewaters at major towns and 
cities. A key indicator for fish, dissolved oxygen, is good and sufficient to support a fishery. 
There are reports of algal blooms in the tributaries during low flows, which can cause de-
oxygenation of the water and lead to fish kills. Another problem may be the heavy metal 
contamination of the water and sediments, which can pass into the food chain and accumulate 
in the fish, especially for fish that feed in the bottom muds. Aluminium is particularly toxic for 
fish, but this is not monitored on the Xiangjiang River, reportedly because it does not occur.  
 
429. Sand Mining. Sand mining occurs along the Xiangjiang River using river dredgers. The 
process is controlled through a licensing system administered at the Province level and 
enforced at the city or county level. The system is supposed to prohibit sand mining at certain 
times of the year (including the spawning season and flood season) and at certain locations 
(including spawning grounds). Notwithstanding, there is evidence that the sand mining activities 
have seriously degraded sections of the river bed and habitats for fish feeding and spawning by 
removing substrate, over-deepening sections of the channel and causing turbid water 
conditions. The reduction in sedimentation in the river due to upstream barrages results in the 
inability of the river to recuperate its bed form during future flood seasons. 
 
430. The pressures described above are expected to continue for the foreseeable future, 
resulting in further decline in the fisheries and loss of endangered species, unless remedial 
action is taken to improve the situation. 
  

5.3.3 Designated Habitats  
 

431. Dongting Lake is internationally recognised as a Ramsar Site under the Ramsar 
Convention and an Important Bird Area by BirdLife International. There are three Ramsar 
citations covering Hunan East Dongting Lake National Nature Reserve, Nan Dongting Wetland 
and Waterfowl Nature Reserve in the southern part of the lake, and Xi Dongtin Lake (Mupinghu) 
Nature Reserve. The lake qualifies as a Ramsar Site under the following criteria: 
 

• 1a: extraordinarily large inland freshwater lake wetland in central south China 
• 1c: good example of freshwater lake wetland 
• 2a: large numbers of rare and endangered species, including rare fish such 

as the Chinese sturgeon and Reeves shad and important bird species 
• 3a: some 2 million wintering waterfowl 
• 3c: over 800 White Stork (Ciconia ciconia) and over 400 Siberian Crane 

(Grus leucogeranus) 
• 4: Migration of rare birds such as Cranes and Storks 
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• 5: more than 20,000 overwintering waterfowl. There are 114 species of fish, 
including 103 or 90% which are endemic. Some of the fish are migratory and 
live in the lake but migrate upstream to spawn.  

• 6: number of Lesser white-fronted geese overwintering is more than 7,000. 
 

432. Dongting Lake lies about 110km north of Changsha in Hunan Province. Dongting Lake 
comprises a vast freshwater lake, river-lake, and surrounding marshes and plains. The lake 
receives water from the Yangzhi River and four major rivers in Hunan Province including 
Xiangjiang. It plays an important hydrological role in attenuating the summer floods on the 
various rivers. The lake supports noteworthy flora and fauna, especially migratory and 
sedentary birds. East Dongting Lake is a major base for fisheries production and overfishing has 
been identified in the Ramsar Citation as one of the activities adversely affecting the site’s 
ecological character.  
 
433. There are no other internationally or nationally designated sites in the study area.  
 

5.4 Economic Development 
 
5.4.1 Economy and the Main Economic Sectors 

 
434. Economic Development. Socio-economic indicators for the project area (the whole 
administrative jurisdictions within which the project would be developed) and the directly 
affected project area (DAPA) are presented in Table 5.24. The total population was 13.95 million 
in 2008, of whom 52.7% was male and the agricultural population was 60.1%. Within the DAPA, 
the total population in 2008 was 3.19 million with the male percentage 52.9% and agricultural 
population percentage 63.3%.  
 
435. In the project area, the total GDP was CNY170billion in 2009, accounting for 66.4% of 
provincial total GDP. Per capita annual GDP in the project area was CNY12,184 in 2008, 30% 
lower than the provincial average. GDP composition: Primary industry, secondary industry and 
tertiary industry proportion was 24.7%, 37.7% and 37.6% respectively.   
 
436. In the DAPA, total GDP reached CNY38.2 billion in 2008 and per capita annual GDP 
was CNY12137 in 2008, around 30% lower than the provincial average. GDP composition: 
Primary industry, secondary industry and tertiary industry proportion was 28%, 40% and 32% 
respectively.   
 

Table 5.24: Socio-economic indicators for the study area (2008) 

 Area Whole 
Hunan 

Project Area Directly Affected Project Area (DAPA) 

Hengyang Yongzhou Guiyang 
Sub-

total of 
PA 

Hengnan Changning Leiyang Subtotal 
of DAPA 

Population 
('0000) 6845.2 731.14 583.22 80.85 1395.21 102.35 125.97 86.29 314.61 

Rural population 3959.95 311.25 212.66 32.98 556.89 72.61 74.99 51.48 199.08 
Urban population 
('0000) 2885.25 419.89 370.56 47.87 838.32 29.74 50.98 34.81 115.53 

Urban population 
(%) 43.2 42.57 36.46 40.79 39.9 29.1 40.5 40.3 36.7 

Per capita GDP  
(Yuan) 17,251 14,858 11,554 14,943 12,184 13,334 14,905 17,756 15,176 
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 Area Whole 
Hunan 

Project Area Directly Affected Project Area (DAPA) 

Hengyang Yongzhou Guiyang 
Sub-

total of 
PA 

Hengnan Changning Leiyang Subtotal 
of DAPA 

Rural per capita 
annual net 
income  (yuan) 

 5,617 3,911 5,269 4,945 5,446 5,515 5,778 5,558 

Rural per capita 
living expenditure  
(yuan) 

 4,047 3,222 4,128 3,737 4,312 4,087 4,090 4,170 

Urban per capita 
annual 
disposable 
income (yuan) 

13,821 12,420 11,992 12,901 12,258 11,150 12,829 12,955 12,435 

Urban Per capita 
annual 
expenditure of 
residents (yuan) 

13,309 10,669 9,740 8,342 10,125 6,969 8,213 9,313 8,224 

Engler's 
coefficient of 
urban people % 

40 42 41 44 40-44 41 42 38 38-42 

Rural per capita 
cultivated land 
(mu) 

0.86 0.92 1.17 1.87 1.36 0.93 0.78 0.91 0.87 

Number of health 
care beds per 
1000 people 

2.7 2.4 2.2 2.0 2.0-2.4 1.4 1.3 1.7 1.3-1.7 

Number of health 
care 
professionals 

4.1 4.0 3.0 2.4 2.4-4.0 2.3 2.4 3.4 2.3-3.4 

Total length of 
Highways 184,568 17,384 18,580 N.a 220,532 - - - - 

Number of civil 
motor vehicles 

4,589,2
48 375,844 431,956 N.a 5,397,0

48 - - - - 

Number of civil 
motor vehicles 
per 100 people 

7 5 7 N.a 40,305 - - - - 

Income of 
tourism (CNY100 
million) 

851.78 63.51 33.39 N.a 96.90 0.05 1.0 1.2 2.25 

As % of whole 
province 100 7.5 3.9 N.a 11.4 0.01 0.12 0.14 0.26 

Population 
coverage of radio 
% 

91 93 83 N.a 83-91 - - - - 

Population 
coverage of TV 
% 

96 98 91 N.a 91-98 - - - - 

Population with 
cable TV access 26 23 17 N.a 17-26 - - - - 

Sources: Hunan Provincial Statistics Year Book. 
 
437. Industry. The industrial centre of Hunan Province is centred along the Xiangjiang River 
in the cities of Changsha, Zhuzhou and Xiangtan. According to the statistical yearbook from 
1998 to 2007 of Hunan Province, the annual GDP of Yongzhou, Hengyang, Zhuzhou, Xiangtan, 
Changsha and Yueyang cities along Xiangjiang River accounted for 58 to 62% of the province. 
The proportion of GDP generated by these centres would be expected to increase gradually, 
with an annual growth rate of GDP about 2 points higher than the provincial average level. 70% 
of the province’s large and medium-sized enterprises are concentrated along the Xiangjiang 
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River, which forms an industrial corridor. The total foreign-trade volume accounts for about 80 to 
90% of the province. The indirect hinterland covers Changsha, Zhuzhou, Xiangtan, and 
Yueyang cities along the Xiangjiang River; the cities along the middle and lower reaches of the 
Yangzhi River; and  Chenzhou, Shaoyang, and some neighbouring areas of Guilin, Quanzhou 
of Guangxi Province.  
 
438. Industrial Development and Pollution. Mining is an important contributor to the 
economy as a commodity for sale and as an input to many industries in the study area. The 
concentration of mining and related processing has also been a major contributor to the 
pollution of soils and water resources in the study area. The extent of pollution is clear from the 
environmental studies. The Hunan Province is undertaking projects to improve the control of 
pollutants to air, land and water.   
 
439. Industrial Pollution Sources. The main pollutants of industrial wastewater in Hengyang 
City are chemical oxygen demand (COD), biochemical oxygen demand (BOD), ammoniacal 
nitrogen (NH3-N), nutrients (nitrogen N and phosphorous P), and the heavy metals cadmium 
(Cd), arsenic (As), and lead (Pb). The main industrial pollution sources in the project areas of 
Changning City and Hengnan County are listed in Appendix V. The major industrial pollution 
sources in the reservoir area are concentrated in the rural towns of Songjiang and Songbai. 
 
440. Domestic Pollution Sources. The main domestic pollution sources in the reservoir area 
are from cooking and washing in the villages and towns, hospital wastewater, and leachate from 
household garbage. The reservoir area will cover 11 villages and towns including Yunji, 
Songbai, Songjiang, and Jinweizhou of Hengnan County, Changning City and Leiyang City. The 
estimated agricultural population is about 230,000 accounting for 83% of the total population 
and the non-agricultural population is about 47,000 or 17%. The amount of domestic sewage 
discharged to the river is estimated to be 20.22 million t/y.  
 
441. The domestic wastewater pollutants mostly comprising easily degradable organic matter 
(as measured by BOD and COD) and nutrients (total phosphorus and total nitrogen). Overall, 
domestic wastewater is not thought to have a significant impact on water quality in the reservoir 
due to scattered distribution of villages in the reservoir area, low population density, small 
volume of domestic sewage, and degradation of wastewater prior to entering the reservoir. The 
domestic wastewater from the villages and towns is not treated and is discharged directly into 
the Xiangiang River where it causes a relatively large impact on water quality. 
 
442. Agricultural Non-Point Pollution Sources. The main sources of pollution in the reservoir 
area come from diffuse agricultural sources, mostly livestock, agro-industry, and aquaculture. 
Most agricultural pollution comes from the chemical fertilizers used on farmland and fruit-
bearing trees, which reaches the rivers from surface runoff or throughflow through the soil. 
According to research, the use of chemical fertilizers in 2009 within the drainage area of the 
Tugutang reservoir reached 3.84x104 t, with nitrogenous fertilizers accounting for 90% of the 
total. There is some research to indicate that some 30% to 50% of chemical fertilizers used on 
paddy fields and 40% to 60% used in dryland farming is used by the crop. The wastage rate of 
nitrogen fertilizers may exceed 60%, of which about 20% reaches the rivers. In 1999, the 
volume of ammonia fertilizers reaching the Tugutang reservoir area of the Xiangjiang River was 
estimated to be 0.72x104t. 
 
443. Industrial Solid Waste. By 2007, industrial solid waste disposal sites in Hengyang City 
reached 307x104 t, with debris from mining china clay and granite accounted for 96% of the 
total. The waste is mostly dumped on wasteland. A summary of stockpiles around the reservoir 
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area is provided in Table 5.25 and located in Figure 5.12. 
 

Table 5.25: Summary of Stockpiles and Processing Plants for Industrial  
Solid Waste Sites around the Reservoir 

Name Location Position to the 
Xiangjiang River 

Elevation 
Range Scale Solid Waste 

Category 

Songjiang 
Next to Leidazao 

Longfeng Company 
of Jinpen Village 

Left bank, the 
minimum distance 

to river is 5m 
72m～88m 

Land occupation is 
1.2hm2. Dumped 

slag is about 
18×104m3 

Slag of Lead & 
Zinc smelting from 
Longfeng Chemical 

Industry 

Songjiang 
Lengshuichong of 
Songzhu Village 

Left bank, the 
minimum distance 

to river is 120m 
73m～93m 

Land occupation is 
5.0hm2. Dumped 

slag is about 
18×104m3 

Slag from 
Cadmium & Lead 

smelting 

Songjiang 
Tailings slag yard of 
Old Sulfur Plant of 

Songjiang 

Left bank, the 
minimum distance 

to river is 12m 
68m～74m 

Land occupation is 
1.1hm2. Dumped 

slag is about 
15×104m3 

Washery refuse 
from Old Sulfur 

Plant 

Songbai Slag yard of Songbai 
Right bank, the 

minimum distance 
to river is 2.5km 

75m～97m 

Land occupation is 
3.3h m2. Dumped 

slag is about 
210×104m3 

Washery refuse, 
household garbage 

Songbai 
Tailing pond of 

Baoshiling 

Right bank, the 
minimum distance 
to river is 8.2km 

82m～95m 

Land occupation is 
2.6h m2. Dumped 

slag is about 
280×104m3 

Slag tailings from  
Lead & Zinc 

smelting 

Songbai 
Tailing pond of 
Zhaijiachong 

Right bank, the 
minimum distance 
to river is 8.8km 

78m～95m 

Land occupation is 
4.2h m2. Dumped 

slag is about 
311×104m3 

Slag tailings from 
Lead & Zinc 

smelting 

Baifang 
Copper smelting slag 

yard of Baifang 

Right bank, the 
minimum distance 
to river is 3.8km 

68m～72m 

Land occupation is 
3.1 m2. Dumped 

slag is about 
28×104m3 

Slag tailings from 
copper smelting 

Baifang 
Smelting slag yard of 

Kaitai Chemical 
Industry 

Right bank, the 
minimum distance 

to river is 30m 
71m～83m 

Land occupation is 
1.9hm2. Dumped 

slag is about 
33×104m3 

Slag tailings from 
Lead & Zinc 

smelting 
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Figure 5.12: Distribution of Stockpiling & Processing Plants for Industrial Solid Waste 
around the Reservoir 

 
 

5.4.2 Infrastructure Facilities 
 
444. Changsha is connected to the Pearl River Delta via the Beijing-Guangzhou Railway, the 
Beijing-Zhuzhou Highway and No. 107 National Road. Changsha is also linked with the Yangzhi 
River Delta via the Xiangjiang and Yangzhi Rivers and the Zhejiang-Jiangxi Railway. 
 
445. The Xiangjiang River downstream from the Hengyang section is suitable for class 1000-
ton vessels but is Class V upstream of the barrage to Songbai. The local road network is well 
connected to the regional highway network. The left bank of the proposed Tugutang barrage lies 
4 km from Hengnan County and 30 km to Hengyang City. On the right bank, it is 2.5 km to 
National Highway 107. The Hengnan Bridge located 4.1 km downstream of the proposed dam 
site links roads on both sides of the river.  
 

5.4.3 Present Land Use 
 

446. Land Use in the Affected Counties. The present land use of the area affected by the 
proposed project is summarised in Table 5.26. Most of the land is rural in nature, occupying 
between 75 and 85% of the area in each administrative district. Of this, woodland accounts for 
between 50 and 60% of the rural land use and arable land for about 30%. Garden plots account 
for about 2% and the areas of grassland are very small. Most of the land in urban areas is built 
over.  
 
 

松柏

松江
松江

松柏 松柏
柏坊

柏坊

松江

Baifang 1 

Baifang 2 

Songjiang 1

Songjiang 2 Songjiang 3 

Songbai 1

Songbai 2 Songbai 3 
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Table 5.26: Present Land Use of the Area Affected by the Project 

Land Type 
Administrative District 

Hengyang City Hengnan County Leiyang City Changning 
City 

Agricultural Land 

Total 1,242,785.5 197,028.6 223,879.4 166,605.6 
Arable Land 370,978.8 59,772.1 61,135.7 46,888.4 
Garden Plot 29,375.7 2,768.3 1,852.4 4,015.4 
Woodland 676,519.6 92,810.8 137,562.0 98,121.4 
Grassland 26.6 0 0 0 
Others 165,884.8 41,677.3 23,329.2 17,580.4 

Developed Land 

Total 130,840.3 23,305.7 20,142.2 14,999.0 
Urban & Rural 
Construction Land 104,217.4 18,400.5 14,939.3 12,221.6 

Land Used for 
Transportation & 
Conservancy 

21,503.5 3,939.6 3,494.4 2,281.0 

Others 5,119.4 965.6 1,708.4 496.5 
Land Resource Unexploited 156,652.2 41,907.3 20,885.8 23,547.3 

Total Area 1,530,278.0 262,241.5 264,907.4 205,151.9
 

447. 
resent Land Use in Assessment Area. The total project area is 1,024.77 hm2, of which paddy 
field accounts for over half at 566.39 hm2; wild grassland covers another quarter at 264.27 hm2; 
woodland covers 102.22 hm2; dryland farming covers 22.45 hm2; floodland covers 36.0 hm2; 
water covers 25.52 hm2; and others a further 7.92 hm2.  
 

5.4.4 Tourist Resources 
 

448. There are no nationally protected sites in the study area. Hengshan Mountain, one of the 
four famous mountains in China, is located in the south of the Xiangjiang river basin.  
 

5.5 Social and Cultural Resources 
 

5.5.1 Population 
 
449. Population statistics for the study area are presented in Table 5.27. By the end of 2008, 
the total population of Hengyang City reached 7.25 million with a growth rate of 0.7% over the 
previous year. The urban population was 2.27 million with a growth rate of 10% and accounted 
for 31.6% of the total population. The rural population was 4.91 million, with a decrease of 3.1% 
over the previous year. The birth rate was 12.56‰; the mortality rate was 7.0‰; and natural 
increase rate was 5.56‰. There are no ethnic minorities in the study area. 
 

Table 5.27: Population of the project area (10,000 persons) 

Region Total 
Household 

Total 
population 

Sex 
Agricultural and 
Non-agricultural 

Population 
Ethnic 

Minority 

Male Female Non-
agro. Agro. Number % 

Hunan Province 2113.88 6845.2 3549.3 3295.9 3959.95 2885.25 641.07 9.4 

Project 
Area 

Hengyang 206.62 731.14 384.6 346.54 311.25 419.89 - - 

Yongzhou 171.53 583.22 308.02 275.2 212.66 370.56 - - 

Guiyang* 24.31 80.85 42.19 38.66 32.98 47.87 - - 
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Region Total 
Household 

Total 
population 

Sex 
Agricultural and 
Non-agricultural 

Population 
Ethnic 

Minority 

Male Female Non-
agro. Agro. Number % 

Sub-total 402.46 1395.21 734.81 660.4 556.89 838.32 - - 

Directly 
Affected 
Counties 

Hengnan 28.28 102.35 54.06 48.29 72.61 29.74 - - 

Leiyang 33.08 125.97 66.7 59.27 74.99 50.98 - - 

Changning 22.16 86.29 45.69 40.61 51.48 34.81 - - 

Sub-total 83.52 314.61 166.45 148.17 199.08 115.53 - - 
* A county of Chengzhou prefecture level city. 
Source: Hengyang Statistical Year Book and Hunan Year Book, 2009. 
 

5.5.2 Community Health and Safety 
 
450. Infectious Diseases. In recent years, the main infectious diseases in the study area 
have included intestinal infectious diseases, insect-borne diseases and natural foci diseases 
such as hepatitis, dysentery, measles, gonorrhoea, encephalitis, mumps and diarrheal diseases. 
There are no epidemics in the area.  
 
451. In 2009, there were no reports of Category A infectious diseases in Hengyang City. 17 
Category B notifiable diseases were recorded with a total of 15,071 cases and an annual 
incidence rate of 219.66/105 and a growth rate of 8.39% over 2008 (Table 5.28). The main types 
of diseases covered respiratory infectious diseases, blood, and sexually transmitted illnesses 
(STIs) and intestinal infectious diseases. The main causes of mortality included natural focal 
diseases (rabies), blood and STIs (AIDS). Seven types of Category C infectious diseases were 
reported with 5,833 cases and no deaths, with an annual incidence rate of 85.02/105.  

Table 5.28: Statistics for infectious diseases in the study area for 2007-2009 

Diseases 
Hengyang City Hengnan County Changning City Miyang City 

2007 2008 2009 2007 2008 2009 2007 2008 2009 2007 2008 2009 

Total 14,279 13,874 15,071 1,819 1,649 2,032 1,464 1,388 1,487 2,220 2,391 2,125 

Viral hepatitis 4,516 4,290 5,159 707 580 741 379 339 475 499 587 598 

Tuberculosis 7,697 6,938 7,149 934 800 1,014 724 800 822 1,415 1,223 1,051 

Amoebic dysentery 651 854 759 42 96 99 138 124 68 91 216 143 

Measles 545 888 466 53 81 46 95 82 9 76 186 137 

Gonorrhoea 142 141 111 10 10 9 11 1 8 4 5 5 

Syphilis 297 399 516 24 43 67 10 10 15 27 31 40 

Typhoid 278 174 173 43 23 13 93 26 10 59 77 76 
Mumps 277 635 847 24 54 83 36 69 80 22 35 199 

Haemorrhagic fever 48 74 43 1 1 2 6 4 1 35 57 29 

AIDS 44 89 126 0 12 26 4 1 17 2 3 6 

Rabies 28 9 13 3 0 0 3 1 3 4 1 1 

Encephalitis B 4 0 4 0 0 0 0 0 2 2 1 1 

Malaria 9 6 0 1 0 0 0 0 1 4 1 0 
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Diseases 
Hengyang City Hengnan County Changning City Miyang City 

2007 2008 2009 2007 2008 2009 2007 2008 2009 2007 2008 2009 

Scarlet fever 1 4 3 0 1 0 0 0 0 0 0 2 

 
452. The top five recorded diseases were tuberculosis, hepatitis, dysentery, A H1N1 
influenza, and syphilis, which together accounted for 93.72% of the total number of incidences 
of category B notifiable diseases.  
 
453. HIV/AIDs. Large-scale construction projects carry with them the risk of spreading 
HIV/AIDS. By the end of 2009, Hunan has reported a cumulative total of 8,724 HIV positive 
cases, including 2,708 AIDS cases, and 1,862 recorded deaths from HIV/AIDS. Hunan has 
become one of the provinces significantly affected by HIV/AIDS. The prevalence of reported HIV 
infection in Hunan Province varies according to geographical location. All 14 prefectures/cities in 
Hunan have reported HIV cases, while Hengyang City, one of the project areas, ranks No.1 in 
number of reported HIV positives. In Hunan, in terms of transmission patterns, sexual 
transmission has increased greatly, along with needle sharing among intravenous drug users. 
Migrants, especially male construction workers, have been identified as a group vulnerable to 
HIV infection.  
 
454. 
o respond to the rapid spread of HIV/AIDs, Hunan Provincial AIDS Prevention and Control 
Committee developed and issued the Hunan Provincial Action Plan for AIDS Prevention and 
Control (2006-2010), with a target of scaling up prevention interventions to over 90% high-risk 
groups and migrant population, and treatment to over 80% AIDS patients. In addition to the 
national level policy focusing on HIV/AIDS control, called “Four Free One Care”, Hunan 
Provincial Government has also developed its own policies and strategies with a focus on 
prevention, health education plus behaviour change. Several local nongovernment 
organizations (NGO) are also involved in HIV prevention and control.  
 
455. Integrating HIV/AIDS into construction safety management was highlighted as a means 
of fitting HIV/AIDS prevention into current construction management systems, leading to the 
suggestion that HIV/AIDS and other transmissible diseases prevention and control indicators 
should be added into safety management schemes. Given that infrastructure construction 
involves assembling a large number of construction workers, the Project presents a medium risk 
for the spread of HIV/AIDS and other sexually transmitted diseases. 
  

5.5.3 Socio-economic Conditions 
 

456. The data collected during the socioeconomic survey has been analyzed using the 
Household Livelihood Framework. The framework involves consideration of four different 
aspects of household socioeconomic characteristics: 
 

• Human Resources: demographic and education/skill characteristics 
• Natural Resources: land, forests and access to water supply 
• Physical Resources: ownership of productive and consumer assets 
• Financial Resources: household incomes, expenditure and access to credit. 

 
457. The following sections examine each of these in turn. 
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458. Human Resources. The average household size of the population surveyed was 4.65 
persons. A high proportion of households (64%) have 3 to 5 persons and there are very few 
small or very large families. Around 21% of the population is aged under 17 years and 14% are 
over 60 years. The labor population (aged 18~59 year old) accounts for 64% of the sampled 
population. Out of the population interviewed, about 40% are farmers relying on farming only, 
the others are engaged in non-agricultural occupations, including 3% official employment and 
11% of farmers with second job of non-agriculture. Men are more likely than women to have a 
second occupation or work outside agriculture which is approved by women fully engage in 
agriculture more than twice of man. When the husband is working outside the village, the wife 
normally stays at home to take care of the children and parents. Overall, the surveyed 
households (excluding poverty households) have at least one member working full or part-time 
in a non-agricultural occupation and over half the households have a member working as 
migrant labor. Migrant workers include people that travel outside the prefecture for employment 
for seasonal or year-round employment. Local officials estimate that 10% of migrant workers are 
away 1-3 months during periods when farm labor is minimal, 10% are away 4-9 months; and 
80% are away from 10-12 months (permanent employment outside or return only for harvest or 
festivals). 
 
459. Over 85% of the population aged 6 years and over have at least primary education; 56% 
have been to middle school but only 19% have been to high school or college. Over half of 
households have at least one member with high school or tertiary education. Proportionately 
more women have no education at all but the incidence is low and most illiterate people are 
elderly. School attendance among those aged under 15 years is almost 100%. 
   
460. Among the adult population, illiteracy (no formal education) is concentrated amongst 
those aged over 60 years. In contrast, most of those aged from 18 to 49 years have been to 
middle school or beyond. The household data suggest that most of the adult APs have 
completed middle school education or more. This represents a considerable foundation on 
which to strengthen the skills-base through vocational and technical training, or simply 
facilitating off-farm opportunities.  Some basic training would make this transition quite effective. 
 
461. Natural Resources. All villages in the project area have sufficient water resources for 
agriculture facilitated by developed irrigation systems. Therefore, the paddy land within the 
project affected area is more than dry farmland and forest land, which is even less than dry 
farmland. The households surveyed cultivated a total of over 1,057 mu land. All households had 
some irrigated land and some dry farmland. The average cultivated land per capita amongst the 
households interviewed is 1.36 mu, which is higher than the average obtained from village level 
data (0.88 mu). Per capita farmland area is 1.63mu in Hengnan, 0.85mu in Changning as 
against 2.23mu in Leiyang. Some 19% households have less than 0.5 mu per capita (in Hunan, 
0.5 mu per capita is the minimum holding considered to be adequate for subsistence).  
 
462. Physical Resources. The majority of housing in the affected villages belongs to the 
structure of brick/concrete or brick/wood of average quality. Infrastructure provision is however 
good: all houses have access to road and electricity and only 10% have tap water into the 
house or yard, others have water available from hand-pressure wells. About 36% of households 
have home telephone and average 2.5 cell phones per family. Over 80% have sunning grounds 
(often concrete) for drying crops. The ownership of major productive assets are thresher, pump 
and power engine. Water pump is owned by almost all household, threshers by three quarters of 
households, and power engine by 29% of households. Ownership levels of household durables 
are indicators of the relative wealth of selected households. TV (many are connected to the 
cable network) is owned by all households with 2 or more TV sets in 1/4 of households 
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surveyed. VCD and motorcycle are owned in 2/3 households, refrigerators in 4/5 households, 
computer in 1/5 households, and air conditioner in 1/10 households. 
 
463. Financial Resources. Information was obtained on the distribution of household 
incomes in the surveyed villages and households. The village distributions are based on 
average incomes and other indicators such as households experiencing food shortages, 
recipients of the 5-guarantee (wu-bao) program. Income data provided by the villages leaders 
indicates that around half of the households have annual net incomes above CNY6,000 per 
capita and around 7% have annual net incomes of less than CNY1,200 per capita. 
 
464. Income data obtained from the individual household surveys reveals a similar pattern 
with the majority of households having incomes over CNY8,000. Overall however, the results 
are significantly higher than village average: nearly 3/4 have incomes over CNY6,000 and only 
7.8% have incomes less than CNY1,200, revealing a generally prosperous rural economy with 
relatively few poor households. 
  
465. The villages surveyed derive their income from a wide variety of sources. Migrant labour 
represents the most important income source in the great majority of villages. Of the 23 
surveyed villages, half ranked the migrant work as the first source of income. The cash crops 
grown vary considerably within the project area. The most common are tobacco, rape and 
vegetable production. Grain is of vital importance to the local economy, virtually every 
household cultivates it, but it is used mainly for domestic consumption rather than as a cash 
crop in its own right. Local off-farm income sources (e.g. local factories and business) are also 
frequently mentioned. Enterprises providing employment includes mines, township enterprises, 
and ferrous alloy plants, especially in Changning city. 
 
466. A ranking of income sources in surveyed households shows that the income migrant 
workers accounts for 53% and is ranked first; followed by the non-agricultural business income 
and fowl and aqua-products, accounting for 19% and 13% respectively. The income from grain 
(8%), cash crops (4%) and fruit (3%) account for a relatively small proportion of household 
income. This has a significant implication for income rehabilitation of affected households, i.e., 
the income from both grain production and cash crops accounted for about one eighth of the 
total household gross income; so if the affected households lose 20% of their land, the impact 
on gross income loss would be only 2%. 
 
467. Based on data of the expenditure of 181 households, each member in the sample 
families spent an average of CNY7,065 in 2009. There are large discrepancies in expenditure 
per capita in different areas. The largest single item in the APs’ average consumption pattern is 
for basic needs, e.g. food, clothing and housing, which represent around 65% of total 
consumption expenditure. The other two largest expenditures items are medical care (11%) and 
children’s education (10%). The per capita net income less the per capita expenditure (10,438 - 
7,065 = 3,375) equals the per capita savings plus the value food self-consumed. However, 
these are average figures and the situation varies considerably from household to household. 
 
468. Poverty and Poverty Alleviation in Hunan Province. Hunan is a relatively less 
advanced Province of central China. The per capita GDP in Hunan Province was CNY17,521 in 
2008, 77% percent of the national average of CNY22,660. There are a total of 88 counties and 
county-level cities in the Province, of which 20 are designated as national poverty counties, and 
another 24 are provincial poverty counties. In 2009, the Province further identified a total of 
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7,000 poverty villages to target poverty households. The total poverty population in Hunan was 
4 million6 in 2009 below the poverty line of RMB1196 annual income per person. Whilst Hunan’s 
rural poverty population is most strongly concentrated in counties outside the project area, this 
distribution is nonetheless broadly distributed in the western area of the Province. From 2005, 
the Minimum Living Standard Scheme (MLSS) was extended from urban to rural people. Since 
then, two major poverty reduction schemes have been operating in rural areas, namely the 
Poverty Reduction Program and MLSS. In 2010, the MLSS targeted 2.68 million rural poor 
below the MLSS. 
  
469. There is no standard poverty line for urban areas in Hunan Province7: levels of poverty 
are assessed using the number of people below the MLSS threshold, which varies from city to 
city. A total of 1.48 million urban poor were under MLSS support in 2010.  
 
470. The major achievement of the previous poverty reduction efforts in Hunan included 
infrastructure improvement such as roads, drinking water supply, electricity, housing, village 
clinics and capacity building for income generation.  
 
471. The major existing poverty reduction programme include 1) integrated village 
development for poverty villages; 2) hands in hands poverty reduction programme supported by 
government agencies and large enterprise; 3) minimum living standard scheme (MLSS) and 
others e.g. micro credit for poor households and food for work. The total poverty reduction 
investment in Hunan is around RMB600 million in 2010 excluding funds from partner 
organizations for hands in hands poverty reduction program.  
  
472. Starting from 2009, one of the major poverty reduction efforts now in Hunan is 
demonstrating effectively integration of the two poverty reduction schemes, MLSS and the 
Poverty Reduction Programs. The objective of this effort is to differentiate the scope and 
function of MLSS and the Poverty Reduction program in order to effectively use poverty 
reduction resources. For those households with income lower than the poverty line with no work 
force, they will not be part of the poverty Reduction Programs target but covered by the MLSS. 
The Poverty Reduction Programs focus only on the poor households with at least one working 
person or potential workers, e.g. young children. It is estimated that some 2 million people are to 
be targeted by the Poverty Reduction Programs. Around 0.5-0.7 million rural poor would be 
targeted by both MLSS and the Poverty Reduction Program.  
 
473. As discussed below, waged salary is the number one income source of the households. 
Based on this trend, the poverty reduction organizations put greater effort on poverty reduction 
through facilitation of off-farming or waged employment for the poor households. The target is to 
eliminate zero employment for urban poor households with work ability members. For the rural 
poor households, the aim is to ensure that each household has at least one family member in 
migrant labour or off-farming income generation. The means including supporting income 
generating efforts of the households, e.g. plantation, livestock, small business and as trained 
workers. Each household could receive RMB400 per person by providing practical business 
plan or a maximum RMB 20,000 loan with interest subsidized by the Government. For those 
households with young children who are willing to continue his/her two year professional study 
                                           
6 Include the rural poor of 2.68 million under MLSS support (July 2010). 
7 In 1997, with urban poverty increasing, the Government established the urban Minimum Living Standard Scheme 

(MLSS), requiring each municipality to set an income level below which financial subsidy would be provided by 
local government. This subsidy line is not the same as the poverty line. But in practice, the level of urban poverty is 
assessed using the number of people below the MLSS threshold. In year 2005, MLSS extend to rural area. The 
MLSS subsidy line differs from conventional poverty line.  
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in a vocational school after secondary school, the poverty reduction program provides tuition 
fees and first years living expenses. The total subsidy could amount to a maximum of CNY4000 
per student. In 2010, the poverty reduction program will target 600,000 poverty households.  
 
474. To target the real poor effectively, identification and documentation of poverty 
households is an essential preparatory task which is in hand all over Hunan Province. Up to July 
2010, more than 60% counties had completed the poverty household identification and 
documentation through a standard process. This process includes “households head 
application, assessment by the village group, review by village committee, checking by township 
government, approving by county government Poverty Alleviation and Development Office”, and 
then posting on the website for public monitoring.  
 
475. Overall poverty and livelihoods in the project areas. There are three categories of 
poverty in the project area: i) rural poverty below the MLSS subsidy line, ii) rural poverty above 
the MLSS subsidy line and below the poverty line, and  iii) urban poverty below the urban MLSS 
subsidy line. Among the total population of 13.95 million in the project area, about 6.8% or 0.953 
million people are considered to be in poverty. Within the project directly affected counties/city in 
Hengnan, Changning and Leiyang, a total of 155,589 rural poor and 36,211 urban poor have 
been identified, equivalent to 7.8% and 3.1% of the total rural population and urban population 
respectively. The overall poverty incidence (including both rural and urban) in the directly 
affected project area is 6.1%. Out of a total 7,000 poverty villages identified by the Provincial 
Poverty Alleviation and Development Office, only 773 are distributed in the project area and 50 
in the DAPA, accounting for 11% and 0.7% of the provincial total poverty villages identified. The 
details are shown in Table 5.29.   
 

Table 5.29: Poverty Population in the Project Area and Project Affected Cities 

* Rural Poverty Line: CNY1196. 
 **It is estimated that poverty incident rate in poverty villages are 20% in addition to the poor below MLSS.  
Urban Poverty line: RMB180 in Hengnan and Changning, RMB210 in Leiyang (July 2010). 
Source: Ministry of Civil Affairs, Hunan PADO and Labor and Social Security Insurance Bureau and PADO reports and 
interview 

 
476. As indicated in Table 5.30, wage and off-farming income amounts to 54.6%, 58.9% and 
68.1% of the rural household income in Hennan, Leiyang and Changning county level cities 
respectively.   
 
 

Area PA
(‘0000) 

Among PA, the directly affected county/city
Hengnan Leiyang Changning Sub-total

Total population 1,395.21 1,023,500 1,259,700 862,900 3,146,100 
Rural population 838.32 726,100 749,900 514,800 1,990,800 
Urban population 556.89 297,400 509,800 348,100 1,155,300 
Rural MLSS (Yuan/month) 55-160 60 60 57 57-60 
Rural poor population under MLSS support 63.69 48,332 60,214 39,475 148,021
Rural poverty below MLSS incidence % 7.6 6.7 8 7.7 7.4 
Rural poor above MLSS but below poverty line* 4.3* 2,223** 1,690** 3,655** 7,568
Sub total of rural poor 68.0  50,555 61,904 43,130 155,589 
Rural poverty incidence % 8.1 7.0 8.3 8.4  7.8 
Urban MLSS (Yuan/month) 140-250 180 210 180 180-210 
Urban poor population under MLSS subsidy 27.3 11,951 13,429 10,831 36,211 
Urban poor incidence % 4.9 4.0 2.6 3.1  3.1 
Overall poverty population 95.3 62,506 75,333 53,961 191,800 
Overall poverty incidence % 6.8 6.1 6.0 6.3  6.1 
Number of poverty villages identified 773 10 10 30 50 
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Table 5.30: Income Sources of Rural HH in Direct Project Counties in 2008 
Project Counties Annual rural expendable income Wage and Off-farming As % of expendable income 
Hengnan 5362 2925 54.6 
Leiyang 5612 3303 58.9 
Changning 5441 3704 68.1 
Source: Hengyang Prefecture City Sixty Years. 
 

477. In the villages surveyed in the rural area, leaders attributed the poverty of individual 
households within villages to illness, disability, age, number of children going to school, and 
disasters. In the household survey, poor8 households gave lack of land, age, disability or 
sickness as the main causes of their poverty.  
 
478. Village leaders interviewed in the poverty villages attributed the relative poverty of their 
villages to a mixture of causes, including their remote location from county centre, no 
specialized cash crops production but grain, less land and high transport costs. Agriculture is 
the mainstay as there are no developed industries.  
 
479. The different villages in the DAPA vary in terms of both their livelihood activities and their 
income level. In general, however, waged salaries were the first cash income source for about 
half the households interviewed, followed by off-farming business and livestock. In terms of 
expenditure items, food is the biggest item, followed by housing, health care and education and 
entertainment. The major differences between poor and non-poor group in expenditure is the 
housing and health care. The poor’s health care expenditure proportion is almost 5 times that of 
the non-poor’s while the non-poor’s housing expenditure proportion is almost five times of the 
poor’s. However, the food expenditure proportions of these two groups are similar. Details see 
table 5.31. 
 

Table 5.31: Expenditure Structure by Poor and Non-poor Groups 

Expenditure Items  Poor HH % Non-Poor HH % Average % 

Food 1,338 31.0% 2,384 33.0% 2,323 32.9% 
Clothes 189 4.4% 502 6.9% 483 6.8% 

Housing 282 6.5% 2,382 32.9% 2,260 32.0% 

Electronic devices 2 0.1% 75 1.0% 71 1.0% 

Transport and communication 168 3.9% 500 6.9% 481 6.8% 

Education and entertainment 387 8.9% 722 10.0% 702 9.9% 

Health care 1,956 45.3% 670 9.3% 745 10.5% 

Total 4,322 100.0% 7,234 100.0% 7,065 100.0% 

Sources: field household survey. Total valid cases: 167. Poor HH: 13 households 731people with income per person 
below CNY1067.  
  
480. When the livelihood of poor and non-poor households in surveyed villages are 
compared, not only is the income level of the poor households much lower than that of the non-
poor, but also the income source (see Table 5.32). The first source of income for the greatest 
percentage of poor households was livestock. Relatively more non-poor households derived 

                                           
8 When villagers talked about ‘poor’ or ‘very poor’, their perceptions were based on relative poverty between 

households within their particular village. 
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their first source of income from waged salaries or off-farming business or livestock. Group 
discussion revealed that Non-poor households also had marginally more members with non-
farming skills. Thus any unskilled jobs created in the area by the Project are likely to 
disproportionately benefit poor households, not only in providing sources of additional income, 
but in providing work experience and skills. 
 

Table 5.32: Income sources by social groups 

Incomes sources Poor HH % Non-Poor 
HH % Average % 

Grain 577 3.3 5,551 8.3 5,164 8.2 
Cash Crops 277 1.6 2,770 4.1 2,576 4.1 

Fruit tree 635 3.6 1,898 2.8 1,799 2.9 

Livestock 8,585 49.3 8,059 12.1 8,100 12.9 

Non-farming business 1,154 6.6 12,760 19.1 11,856 18.8 

Wage 6,185* 35.5 35,736 53.5 33,436 53.1 

Total 17,412 100.0 66,774 100.0 62,932 100.0 

Sources: field household survey. Total valid cases: 167. Poor HH: 13households with income per person below 
CNY1067. Table 5.33 shows the relative importance of income sources in the surveyed villages.  
 

Table 5.33: Relative Importance of Income Sources in Surveyed Villages 
County Township Village Grain Cash 

crop 
Animal 

husbandry 
Migrant 

labor 
Off-farm 
activities Others 

Hengnan Yunji Town Xintang 3 4 5 1 2 6 
Binhe 5 2 4 1 3  
Liping 2 3 4 1 5  

Shitang 1 4 5 2 3  
Songjiang Yuebao 3 5 4 1 2  

Jinpeng 1 3 3 3 1  
Yaotang 4 3 5 1 2  

Lijiang Longzhou 2 3 5 1 4  
Tianzhou 5 3 2 1 4  

Xiangyang Zhuchong 5 2 4 1 3  
Pengzi 3 3 4 1 2  

Liaotian Huangshi 1 4 3 2   
Changning Songbei Shuanfa 1 3 4 2 5  

Xintong 3 4 5 1 2  
Songyu 0 0 1 2 2  
Beifang 3 4 5 1 2  
Dongbei 3 4 5 1 2  

Shuikoushan Songyang 4 3 5 2 1  
Sucai 5 2 4 3 1  

Qingnian 1 5 4 3 2  
Yanzhou Mashi 1 3 5 2 4  

Leiyang Tanxia Shiden 1 5 3 2 4  
Daheshu Xinhua 2 4 3 1 5  

Note: *1=ranked first, the highest importance.  
Source: Field Survey, Hunan University, 2010 

 
481. With respect to public services in the DAPA, every administrative village has a medical 
clinic, and usually one or more village doctors. All have electricity and access to television. 
Primary schools exist in all the villages – the enrolment rate for primary school children in DAPA 
is around 98%. Administrative villages have good vehicular access. Villages along the 
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Xiangjiang river secondary and tertiary river have waterway access for small boats. Access to 
water for domestic consumption in the DAPA is mainly from piped water. 
 
482. When the village leaders talked of health problems in their community, they highlighted 
influenza, gall stones, arthritis and diarrhoea, as key health issues. Apart from diarrhoea, no 
water-borne diseases were raised as common health problems. When discussing transportation 
problems in their community, they highlighted high costs (particularly the transportation of house 
construction materials and other big volume products) and safety.  
 

5.5.4 Physical Cultural Resources 
 

483. The XNCD commissioned a survey of Physical Cultural Resources in the affected areas. 
Some nine sites were identified, but none contained sufficient remains to classify them and they 
remain ungraded. The sites comprise deposits of pottery fragments and similar on the banks of 
the Xiangjiang River.  
 

5.5.5 Noise and Vibration 
 

484. Existing noise levels were monitored by the Environmental Monitoring Centre in 
Hengyang City at locations in the vicinity of construction area at the proposed Tugutang barrage 
on the left and right banks of the river, the proposed waste disposal site, quarry and haulage 
road. The monitoring programme was conducted over three days in March 2010 at each 
monitoring point during the daytime and at night (Table 5.34). 
 
485. The average daytime ambient noise levels (Leq) vary between 42 and 68.9 dB(A) and 
are typically 20 to 25 dB(A) higher than the average night-time noise levels. The main noise 
source is traffic noise, with traffic flows during the day and at night respectively reaching 258 
vehicles/h and 33 vehicles/h. The ambient noise levels met the requirements of the Category II 
standard. Both the background noise and the noise at sensitive residential sites met the 
requirements of the Environmental Quality Standard for Noise (GB3096-2008). 
 

Table 5.34: Noise levels (dB(A)) 

Location Class Date 
Noise levels 

Daytime Night time 
Leq L90 L50 L10 Leq L90 L50 L10 

Road on the right hand 
side 4 

9 March 66.7 41.9 49.1 69.9 40.2 33.0 37.0 41.4 
10 March 65.8 40.6 49.0 69.4 41.7 33.7 35.7 42.2 
11 March 56.1 33.9 43.0 56.9 37.0 30.0 31.7 37.6 

Habitats on the right 
bank 2 

9 March 53.4 40.7 45.8 55.9 37.4 34.7 36.6 39.6 
10 March 59.8 38.4 41.2 52.3 44.6 37.9 41.7 47.9 

11 March 51.9 34.9 41.5 52.0 32.8 30.8 32.0 34.6 

Stockpile on the right 
bank 2 

9 March 44.9 37.3 40.6 47.2 33.7 30.9 33.0 35.9 

10 March 47.1 31.4 35.4 47.7 39.3 30.0 33.2 43.8 

11 March 42.1 34.2 38.0 45.3 34.5 30.0 34.1 36.0 

Road on the right bank 4 
9 March 68.8 54.9 60.7 70.6 47.8 35.5 37.7 48.9 
10 March 69.1 56.2 61.4 69.5 51.1 34.1 36.2 51.2 
11 March 68.9 55.3 63.3 69.0 47.8 35.6 38.3 49.6 
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Location Class Date 
Noise levels 

Daytime Night time 
Leq L90 L50 L10 Leq L90 L50 L10 

Habitats on the left 
bank 2 

9 March 52.0 42.5 46.2 51.6 31.6 30.0 31.0 34.6 

10 March 46.4 40.6 43.3 48.8 34.2 30.0 31.7 35.8 

11 March 53.0 46.7 51.3 56.0 34.8 30.0 33.4 37.9 
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6. ALTERNATIVES  
 

6.1 Alternative Analysis 
 
486. According to the ADB Safeguard Policy Statement June 2009, the EIA must analyse 
alternatives to the proposed project site, technology, design, and operation in terms of their 
potential environmental impacts; the feasibility of mitigating these impacts; their capital and 
recurrent costs; their suitability under local conditions; and their institutional, training, and 
monitoring requirements. The assessment of alternatives must include the “no project 
alternative”, which assumes that the proposed project does not go ahead.  
 
487. During the development of the proposed project, XNCD and their Design Institutes 
examined options for the dam location, the operating flood level, the hydropower capacity and 
construction programme. The selection of the preferred options took into account previous 
experience in the construction of the Zhuzhou and Dayuandu Complexes, and was based on 
engineering, environmental and social impacts, and financial grounds. 
 

6.2 No-PROJECT alternative 
 
488. The “No Project Alternative” addresses the likely consequences of not undertaking the 
proposed project. In this instance, the decision not to develop the Xiangjiang River between 
Tugutang and Jinweizhou would effectively negate the investment in the upstream barrages as 
the river would not be navigable by ships during the dry season between the lower and upper 
sections. Cargo would have to be loaded off ships and onto road or rail freight and transported 
by land between Jinweizhou and Hengyang City (the backwater effect of Dayuandu reaches 
Hengyang City) a distance of about 88 km.   
 

6.2.1 ALTERNATIVE FORMS OF TRANSPORTATION 
 
489. Changsha is connected to:  
 

(i) the Pearl River Delta via: 

• the Beijing-Guangzhou Railway,  
• the Beijing-Zhuzhou Highway, and  
• No. 107 National Road 

 
(ii) the Yangtze River Delta via: 
 

• the Xiangjiang and Yangtze Rivers, and  
• the Zhejiang-Jiangxi Railway.  
 

490. To improve the movement of freight, strategic transport development options are: 
investment in the inland waterways, the highway network and the railway network. Table 6.1 
illustrates recent movement of goods by the main transport modes in Hunan.  
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Table 6.1: Hunan Freight Volume and Turnover by Mode 
Year Freight Volume Hunan Province (10^4 tonnes) Freight 

Turnover 
(100mt-km) 

Type 

Total Rail Highway IW Aviation Total Rail Highway IW Aviation

1995 49,930 5,017 41,272 3,556 85 1,055 751.8 235.5 67.6          0.1  
2000 50,925 4,649 42,868 3,406 2 1,074 632.1 297.8 143.8          0.1  
2004 69,680 5,400 60,291 3,986 3 1,572 896.5 513.5 162.2          0.3  
2005 76,876 5,218 67,040 4,615 3 1,660 930.3 538.6 190.3          0.4  
2006 84,998 5,643 72,457 6,894 4 1,781 951.7 592.4 236.7          0.4  
2007 99,501 5,831 85,432 8,234 4 1,982 1,038.4 682.7 260.1          0.5  
2008 107,823 5,552 92,148 10,119 4 2,019 971.5 773.7 273.7          0.5  
Source:  Hunan Statistics Yearbook, 2009. 

 
491. Most freight by volume is carried by highway with its share increasing from 83% to 86%. 
The volume of freight carried by rail has been relatively static, and the volume of freight carried 
by inland waterway has increased to almost double that of rail.  
 
492. In terms of freight turnover the picture is different. Road freight haulage lengths are 
much shorter than rail or IWT. Based on the provided data average rail haul lengths are around 
1,700km compared to 80km for road – as expected the modes are serving very different 
markets. IWT sits in the middle with an average haul length of 250-300km. 
 
493. Figure 6.1 shows the freight turnover share by mode for Hunan. Due to the high haul 
lengths, rail has the highest turnover but again is in decline with a corresponding increase in 
Highway share. IWT has a marginal increase (increasing volume but a decreasing haul length). 
 

Figure 6.1: Hunan Freight Turnover Share by Mode 

 
Source: Hunan Statistics Yearbook, 2009. 
 
494. The data suggests that IWT is already increasingly competing with both rail and road 
(longer haul lengths). As such the plans put in place to develop IWT already seem to be having 
some success which clearly adds confidence to the outlook for IWT.  
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495. IWT is competitive against road and rail for the following key reasons: 
 

(i) The geography of the Xiangjiang River Corridor is well suited to IWT with most of 
the major urban and industrial centers located along the river, thereby often 
reducing long, inefficient transfers. 

(ii) IWT has lower operating costs per tonne-km than both road and rail.  Despite 
average lower speeds this makes IWT potentially attractive for certain markets.  
In particular IWT is potentially very competitive for the export market (including 
containers). When potentially lengthy sea shipping times are factored into the 
overall journey duration, time savings on the China leg of the trip are relatively 
insensitive if significant cost savings can be achieved.   

(iii) IWT can be considered a reliable mode of transport with fairly reliable journey 
times – IWT does not experience road congestion or suffer from the capacity 
issues of the rail freight system in the Province. 

(iv) IWT is considered relatively safe and secure for the shipment of goods. 
 

496. Following the implementation of the project and the overall Xiangjiang Waterway 
Masterplan the competitiveness of IWT will increase further: 
 

(i) The master plan will increase water depth along the waterway enabling larger 
vessels (to 1000dwt) to access the sections around Tugutang Complex.  
Facilitating the shift to larger vessels will lead to further operational efficiencies.  
The anticipated unit cost savings from moving from smaller vessels to 1000DWT 
are potentially significant. 

(ii) The increase in water levels will increase the overall catchment in the waterway 
in particular increased accessibility to areas upstream of Tugutang 

(iii) Water draft reliability will increase as a result of the project (this is a considerable 
issue since some sections of the river currently can only be navigated by larger 
vessels during certain parts of the year).  
 

497. IWT in Hunan currently captures fewer than 10% of the total freight market against a 
national average of 11.4%m and 15% in leading provinces. There is clearly scope to expand 
freight movement by inland waterways. 
 
498. Water transport is considered to be more environmentally friendly than road and rail 
transport. The energy consumption for a unit transport turnover for water transport is about 65% 
of rail transport and 15% of highway transport. The CO2 emissions for water transport are 1.2 
times to that of the railway transport, and are 22% of highway transport. The development of 
inland waterways also requires much less land, which is important where there is land pressure. 
One kilometre of railway occupies 30 to 40Mu of land and one four lane express road will need 
110 to 140Mu of land per kilometre. By comparison, the development of inland waterways 
requires sufficient land for river ports.   
 
499. In the case of accidental spills of oil and other substances, water transport may pose 
greater environmental risks than land transport. In case of accidents, spills on land are often 
easily contained within the vicinity of the accident site. Whereas in a water body such as 
Xiangjiang River, the rapid downstream dispersion of spilled materials may occur if the spill is 
not quickly contained and cleaned up.  
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6.3 Location Alternatives 
 
500. The Tugutang River Barrage would be the sixth such barrage in a cascade of nine 
counting from the upstream barrage (Figure 6.2). The Jinweizhou Complex upstream and the 
Dayuandu complex downstream of the proposed Tugutang River Barrage have both been 
completed and lie approximately 150 km apart. The Tugutang River Barrage needs to be 
located in the general vicinity of Hengyang City in order to meet the requirements for water 
storage and depth for navigation between the two existing complexes.  
 
501. Downstream of Hengyang City, the backwater effect from Dayuandu dam still provides 
more than 3m of draft in the dry season, which is sufficient to meet current and future 
requirements. Consequently, the Tugutang barrage does not need to be located downstream of 
the city. Upstream of Hengyang City there are two dangerous shoals, one between Hengyang 
City and the Chejiang reach and one 16km upstream of Chejiang town. The backwater effect 
from the Dayuandu barrage is sufficient to provide adequate draft for the downstream shoal at 
Yunji town, but the area has been developed as a town and this is not considered to be a 
suitable location for a large construction site. The backwater effect from Dayuandu barrage is 
not sufficient to provide adequate water depth over the Changtan shoal upstream of Chejiang 
town. This reach also suffers from sedimentation. Consequently it was considered that the 
Tugutang barrage should be located between Hengyang City and Chejiang Town.   
  
502. Three sites were considered for the location of the Tugutang river barrage, an upstream, 
middle and downstream location approximately 15 km apart.  These are shown on Figure 6.2. 
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Figure 6.2: Alternative Sites for the Tugutang Navigation Complex 

 
 
503. The upstream site is located in a relatively straight section of the Xiangjiang River where 
the river is about 480-520m wide lying with embanked flood protection dykes about 570m wide 
with an elevation of 64.3 masl. The channel bed lies at about 46-48masl and the river is about 
1.0-1.8m deep during low water conditions. The valley on either side of the river at the proposed 
dam site is flat and wide, forming the first river terrace at an elevation of about 60 to 63 masl, 
which is farmed by rice paddy. The river is canalized over 50km and a relatively small amount of 
dredging (16,000 m3) would be required in the downstream reach to improve connectivity with 
the Dayuandu section. The site avoids impacting on Yunji town, which lies downstream. The 
Hengnan Water Treatment Plant in-take works is also located sufficiently downstream to be 
unaffected by the Complex during construction and operation. The construction of a barrage at 
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this location would require permanent land acquisition of 4354 mu (290 ha). As shown in Table 
6.2, this site requires the least volume of earth rock excavation. The ship lock is located in a 
straight section of the river resulting in a low risk of accidents.   
 
504. The mid site is located downstream of a meander in the river channel. The river itself is 
about 460-510m wide, 2.0-3.5m deep during low flows, and lies within the reach affected by the 
backwater from the Dayuandu reservoir. The river bed lies at an elevation of about 43-46masl. 
The flood embankments lie about 550m apart with a crest elevation of 63.2masl. On the left 
hand bank the land forms a Class I river terrace with an elevations of about 54-62masl. The left 
hand bank forms a Class II terrace at an elevation of 53-77masl. Some dredging works will be 
required to connect with the dead storage level for Dayuandu. The site is located at Yunji town 
and close to the Hengnan County Industrial Park. The wastewater discharges from these areas 
would have to be relocated downstream of the dam. The site is also close to the Hengnan Water 
Treatment Plant resulting in a risk of water pollution from heavy metals in the sediments during 
construction. Consideration is also being given to the construction of a new airport in the vicinity. 
The construction of the barrage at this location would require permanent land acquisition of 
5230 mu (349 ha). This site will require the largest amount of earth-rock excavation. The ship 
lock would be located in a winding section of the river, raising the risk of accidents. There is 
scope to landscape the barrage and improve the waterfront for Yunji town. 
  
505. The downstream site is located on a straight section of the river about 1 km upstream 
from the next meander. The backwater influence of the Dayuandu Complex means that the 
water levels are 2 to 3.5m at present. No dredging is required for this site as the water depth 
already meets the required navigational draft. The river at the downstream site is embanked 
with flood dykes reaching an elevation of 63 masl with farmland on either side. This site lies 
downstream of Yunji town, which discharges poorly treated water into this section of the river. It 
would be necessary to relocate the discharge point to a location downstream of the dam to 
improve the dispersion of pollutants. There is also a potential risk to the water quality around the 
water intake works for the Hengnan Water Treatment Works due particularly to heavy metals in 
the bottom sediments which could be re-suspended during the construction of the barrage. The 
left bank of the dam site lies close to Chejiang Town and dense residential development, which 
could result in significant disturbance during construction. The complex would result in the 
inundation of some 5848 mu (390 ha), which is higher than the other sites, resulting in greater 
environmental and socio-economic impacts on affected persons. The arrangement for the ship 
lock is located in a winding section of the river, which raises the risk of accidents. There is scope 
to landscape the river banks near Chejiang Town which would benefit the townspeople.     
 
506. The upstream site was selected as the river channel geometry was more favourable 
than the other two locations, and results in lower environmental and social impacts and 
permanent land acquisition. 
 
507. A summary of the analysis of the alternative locations is provided in Table 6.2. Although 
there are some benefits and disbenefits for each of the three sites, the upstream site best meets 
the combined project objectives related to navigation and hydropower generation.  All three sites 
have environmental and social impacts, with the upstream site being comparable to the middle 
site, but better than the downstream site. The middle site was ruled out during the pre-feasibility 
stage as presenting the least favorable technical option.  A more detailed assessment of the 
upstream and downstream sites then confirmed that the upstream site presents the best overall 
combination of meeting project objectives with manageable social and environmental impacts.  
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6.4 Technological Alternatives 
 
508. Normal Storage Level Selection. Consideration was given to three normal water 
storage levels – 57.5masl, 58.0masl, and 58.5masl – balancing the potential for energy 
generation and the operation of the ship locks with the area of land inundation and associated 
environmental and socio-economic impacts. The area of land to be inundated by the Project will 
be determined by the flood line which is controlled by the normal storage water level in the river 
and reservoir operation.  Comparison of the three different normal storage water levels (NSWL) 
of 57.5m, 58m and 58.5masl was made by the Design Institute during the pre-feasibility study.  
The results indicate that an increase in water level from 57.5m to 58m would result in more than 
309mu (20.6ha) of additional farmland being flooded (4162mu compared to 3853mu (or 65.7ha 
compared to 38.7ha)). However, a rise in water level from 58m to 58.5m would result in a much 
more significant increase in flooding: the total farmland flooded is 5144mu (96.9ha), an increase 
of  982 mu (65.5 ha). In order to optimize the complex’s functions of irrigation, navigation and 
power capacity, the water level of 58m was recommended by the DI as NSWL.  
 

Table 6.2: Comparison of Alternative Locations 
Items Upstream Middle Downstream Evaluation 

Effectiveness of the Project 
Engineering 
feasibility 

Suitable geological 
conditions exist. 
Topography more 
suitable than other sites. 

Suitable geological 
conditions exist 

Suitable geological conditions 
exist 

Upstream 
preferred 

Navigation 
conditions 

River section is straight 
– better for navigation 
entry and exit to Locks.  

Slight meandering river; 
upstream of dam site is 
90° turning section.  

Slightly meandering river 1km 
downstream dam site is 90° 
turning section.  

Upstream 
preferred  

River depth 1.0~1.8m 
during lower water 
period.  

River level affected by 
downstream Dayuandu 
reservoir, 2~3.5m in 
depth.  

Dayuandu dead water depth is 
2~3.5m. 

Investment 
cost 

Comparable to Middle 
site. 

Comparable to Upstream 
site 

Higher than Upstream and Middle 
sites due to higher height of 
barrage structure. 

Upstream or 
Middle 
preferred 

Hydropower 
generation 

Lower power generation 
than Middle and 
Downstream sites 

Comparable to 
Downstream site 

Comparable to Middle site. Middle or 
Downstream 
preferred 

Compatibility 
with 
Masterplan 
Strategy 

Compatible. Compatible. Conflicts with already built 
Dyuandu complex, and would 
reduce power generation there 

Downstream 
not viable 

Effects on People 
Resettlement Inundates approximately 

4 thousand mu of 
cultivated land. 

Inundates approximately 
4½ thousand mu of 
cultivated land. 

Inundates approximately 5 
thousand mu of cultivated land. 

Middle 
preferred 

Resettlement of similar 
number of people as 
Middle and 
Downstream. 

Resettlement of similar 
number of people as 
Upstream and 
Downstream. 

Resettlement of similar number of 
people as Upstream and Middle. 

Drainage and 
flood risk 

No impact on Yunji town Adjacent to Yunji town.   Adjacent to development 
downstream of Yunji town. 

Upstream 
preferred 
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Items Upstream Middle Downstream Evaluation 
Hengnan County 
Industrial Park on left 
bank of dam site. 

Requires major re-drainage 
works to discharge downstream 
of Barrage 

Construction 
impacts 

Relatively few adjacent 
residential areas  

Site potentially in conflict 
with Hengan County 
Industrial Park and 
proposed Hengyang 
Airport  

Left bank is adjacent to Chejiang 
Town, with densely populated 
residential area. 

Upstream 
preferred 

Effects on Environment and Sustainability 
Scale of 
excavation  

Excavation of 1.8 million 
m3. 

Excavation of 2.9 million 
m3. 

Excavation of 2.1 million m3. Upstream 
preferred  

Water Quality Upstream of major 
wastewater outfalls and 
waterworks inlets. 

Urban and industrial 
wastewater outfalls within 
the reservoir area. 

Urban and industrial wastewater 
outfalls within the reservoir area. 

Upstream 
preferred 

 
Water intake of Hengnan County 
Waterworks is within the reservoir 
area. 

Aquatic 
ecosystem 

Barrage coincides with 
fish spawning areas. 

Barrage coincides with 
fish spawning areas 

Barrage coincides with fish 
spawning areas 

No difference 

Dredging work Major dredging required 
downstream to connect 
with dead level of 
Dayuandu reservoir. 

Minor dredging required 
to connect with dead level 
of Dayuandu reservoir. 

No dredging required to connect 
with dead level of Dayuandu 
reservoir. 

Downstream 
preferred 

Green shading indicates preferred option(s); red shading indicates significant disadvantage). 
 

509. The amount of land to be inundated in the reservoir area will also be affected by the 
reservoir’s operating method.  To minimize the effects on the reservoir area, when water inflow 
into the reservoir is more than the maximum required by the turbine in flooding season, the 
water level in front of the dam will be gradually lowered until opening all sluices to restore 
natural flooding condition.    
 
510. Installed Capacity Selection. Three alternatives for the installed capacity of the 
hydropower plant were considered: 80MW, 90MW, and 100MW. The optimum installed capacity 
is a balance between energy revenue and capital cost. Energy revenue relates to the annual 
power generation, which would range from 342.70 GWh (80 MW) to 371.4 GWh (100MW). 
However, an increase in the installed capacity from 80MW to 100MW would require an 
additional investment of 139 million yuan.  The installed capacity of 100MW is not acceptable 
from an economic point of view, and the 90 MW alternative is considered to offer the optimum 
economic balance. 
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7. ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES 
 

7.1 Introduction 
 

7.1.1 Scoping of the Impacts and Protection Objectives 
 

511. The Tugutang Complex may result in beneficial and adverse impacts on the physical, 
biological and socio-economic environments. The identification of the potential impacts is called 
“scoping”. This process is undertaken during the early stages of the EIA in order to prioritise 
resources on the most important issues and is continued through the duration of the EIA to 
facilitate the consideration of new issues that emerge during the studies. Good scoping is vital 
to ensure that the resources available for the EIA studies are directed to the most important 
issues, to ensure that appropriate methodologies are used to assess impacts, to allow the 
consideration of new issues as they are identified, and to avoid the production of excessively 
lengthy and unfocussed reports.  
 
512. A scoping exercise was undertaken for the Project as part of the EIA General Outline 
(Draft for Consultation) (undated). This report examined the experiences of the construction and 
operation of multi-purpose barrages, including those on the Xiangjiang River, identified the key 
issues to be studied in more detail in the EIA, and described the proposed methodologies for 
undertaking the baseline surveys and the impact assessment. Table 7.1 below identifies the key 
activities associated with the project and the potential long and short term adverse and 
beneficial impacts. The main project influences and environmental mechanisms that could bring 
about these changes are illustrated in Figure 7.1. 
 
513. In addition to the environmental resources covered in Table 7.1, consideration was 
made of the risk of impacts related to urban and industrial waste disposal and the risks of these 
being flooded or of contaminants being mobilised by changes in hydrology. However, the 
nearest waste disposal site occupies two areas totaling approximately 14ha located 1km away 
from the reservoir that would result from the Project.  Measures in place to manage this site, 
including protection of soil, water and vegetation which are enforced by the Environmental 
Protection Bureau, would be unaffected by the Project and waste sites have therefore been 
scoped out of the impact assessment. 
 
514. The scoping exercise showed that during construction and operational phases the 
major negative environmental and social impacts are associated with: 
 

• Physical resources: changes in the hydrological regime of the 
Xiangjiang River from lentic to lotic conditions, and changes in water 
quality;   

• Biological resources: potential changes in the populations of fish 
species from conditions benefitting riverine species to lake species and 
the creation of a barrier to migratory fish; and 

• Socio-economic impacts: the need to relocate some 139 households 
(512 persons) in the reservoir area. 

 
515. The anticipated positive impacts are: 
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• Physical resources: potential benefits to air quality by promoting inland 
waterways over road or rail transportation and the generation of 
electricity from hydropower. 

• Biological resources: potential increase in biomass of fish that prefer 
lake habitats; and potential benefit to vegetation in low lying areas 
around the reservoir due to higher groundwater levels especially during 
the dry season.  

• Socio-economic impacts: improvement in navigation standards; 
potential regional economic growth; and short term employment 
opportunities during construction. 
  

Table 7.1: Scoping of Environmental and Social Impacts 
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Social 
Development 

Employment  ■ ∆ ∆      ∆  □  
Navigation          □    
Economic 

growth          □ □ □  

Flood control    ▲      ∆    
Travel          □   □ 

Land use ■ ■ ▲     ■ ▲ ■   □ 

Material 
Resources 

Hydrology    ▲     ▲ ■    
Water quality   ▲ ▲  ▲ ▲  ▲ ■    

Air quality   ▲ ▲ ▲ ▲ ▲    ■  □ 
Acoustic 

environment   ▲ ▲ ▲ ▲ ▲    ■  □ 

Soil erosion ▲  ▲ ▲    ▲ ▲    □ 

Ecological 
Resources 

Aquatic         ▲ ■    
Vegetation ■  ■     ▲     □ 
Terrestrial 
organisms ▲  ▲          □ 

Life Quality 
Landscape   ▲ ▲   ▲   □   □ 
Residence  □           □ 

Traffic    ▲  ▲    □ □   

Remarks □ Long term beneficial impact     ∆ Short term beneficial impact 
■ Long term negative impact      ▲ Short term negative impact 

Source: HydroChina Zhongnan Engineering Corporation EIA. 
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Figure 7.1: Scoping of Environmental and Social Impacts 
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516. The following sections describe the adverse and beneficial impacts in detail. The 
impacts have been grouped under three general categories: physical, biological and socio-
economic. Construction and operational phase impacts are considered separately. Potential 
impacts from the Project were considered under the following categories: 
 

• Direct Impacts – those directly due to the Project itself; 
• Indirect Impacts – those resulting from activities arising from the Project, 

but not directly attributable to it; and  
• Cumulative Impacts – impacts which in combination would exert a 

significant additive influence.  
 

517. Impacts in all three of above categories may be: 
 

• Short-term – impacts which occur during construction and affect land 
use, water quality and other factors. Many of these impacts will be short-
lived and without long-lasting effects. Even the effects of some relatively 
significant impacts such as spoil disposal may be rectified eventually if 
appropriate mitigation measures are implemented.  

• Long-term – impacts that exert an influence over years or the duration of 
the project, for example, changes to the hydrological regime of the river. 
 

518. Environmental and social impacts may be either beneficial or adverse. Short-term 
positive impacts could include, for example, the generation of employment opportunities during 
the construction period. Long-term benefits would include navigation improvements and 
electricity generation.  
 
519. The assessment process also considers potential environmental mitigation and 
enhancement measures. A threefold approach has been taken to minimise adverse 
environmental impacts: 
 

• Avoidance. Comprehensive alternative analysis has been conducted during 
the preparation of the EIA to minimise potential adverse environmental and 
social impacts. 

• Sound engineering. The project has been designed in cognisance of the 
main adverse environmental impacts and the lessons learnt from the 
previous barrage schemes, to minimise the impacts of the scheme on the 
most sensitive issues.  

• Comprehensive mitigation planning includes the detailed environmental 
management plan (EMP), the environmental monitoring plan to check the 
efficacy of EMP implementation, and best practices in construction 
management.  
 

520. The most efficient and cost-effective way to ensure that construction works are 
environmentally sound is to include environmental safeguards in the construction contract 
documents. The Project will follow the standard specifications and General Conditions of 
Contract for construction contract purposes. Provisions for the protection of the environment are 
included in the environmental management plan (EMP), which would also be included in the 
contract documents. In addition environmental protection clauses will be incorporated into the 
Contract documents. 
 



149 

7.2 Hydrological Regime  
 

7.2.1 Impacts on Hydrology 
 

521. The water quality during construction and operation was assessed using a computer 
water quality simulation model (MIKE3). The computer model is commercially-available 3-
dimensional modeling tool for free-surface flows, which can be applied to lakes, rivers and 
estuaries. It can be applied to investigations of a wide range of hydraulic phenomena including 
harbor and dam effects.  It was originally developed by the Danish Hydraulic Institute. 
  
522. The water quality modules simulate the fate and transport of conservative or linearly 
decaying chemical and planktonic constituents, eutrophication processes including nutrient 
cycling, benthic vegetation growth, processes affecting dissolved oxygen, exchange of metals 
between the bed sediments and the water column, and sediment transport/deposition/erosion.  
 
523. Construction Phase. The main impact on hydrology during construction would be the 
constriction of flow due to the installation of coffer dams required to build the barrage in the dry. 
This would result in highly localised variations in flow velocity, with decreased flows upstream of 
the constriction and increased flows downstream, raised water levels and increased scour 
capacity of the stream bed. This impact is short term, with flows returning to normal conditions 
on removal of the coffer dams. The coffer dams have been designed to allow for localised 
increases in water levels and velocity. The construction period of 42 months extends across 
three flood seasons. The greatest environmental risk would occur in the event of a large flood 
during the construction period resulting in scour, damage to or overtopping of the cofferdams, 
and flooding of the construction works. The cofferdams have been designed to withstand a flood 
with a return period of 1:3 years. Larger floods would overtop the coffer dams and possibly 
demolish them, releasing sediments including heavy metals into the water column. The impact 
on water quality would be a rapid spike in total suspended sediments and heavy metal content 
followed by a slower decrease back to background levels.   
 
524. Operation Phase. The main impacts on hydrology during the operation phase are: 
 

• Decreased flows downstream of the barrage during initial impoundment. 
• Change in flow characteristics from a river to a reservoir  
• Changes in flow downstream of the barrage 
• Decreases in velocity around the new river wharfs 

 
525. Impacts during initial impoundment. Given that the proposed barrage has a low head, 
the time required to fill the reservoir is relatively small, estimated to be 3 days during the wet 
season and 6 days during the dry season, assuming zero discharge downstream of the barrage. 
During this period, there would still be water in the downstream channel due to the back-up 
effect from the Dayuandu barrage downstream. The durations for filling the Tugutang reservoir 
would be longer if a compensation flow was allowed downstream of the Tugutang barrage.   
  
526. Change in hydrology from a river to a reservoir. During operation, the water level at the 
Tugutang barrage site would be maintained at an elevation of 58masl rising to about 58.3masl 
at the upstream end of the reservoir allowing for changes in the slope of the water surface. To 
maintain the water levels and storage volume, the inflows at the top end of the reservoir would 
be equal to the outflows through the barrage. At present water levels vary seasonally, and are 
highest during the wet season (April, May and June) and lowest in the dry season (September 
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to January). Water depths vary spatially and seasonally in the range of 3.29 to 8.74m. After 
completion of the barrage, water depths will rise to between 4.76 and 14.95m, resulting in 
average water depth increase of between 1.5 and 7.1m. The water depths will increase in the 
downstream direction with the deepest waters just upstream of the barrage. The average 
velocities in the reservoir will fall from about 0.28 to 0.48 m/s at present to 0.12 to 0.31 m/s. The 
decrease in velocities will be more pronounced in the downstream part of the reservoir where 
the water is deeper. The seasonal variations in velocity will be similar to existing, with lower 
velocities during the dry season and higher velocities in the wet season. During floods when the 
barrage gates are open, velocities will be similar to current flood conditions. 
 
527. Changes in flow downstream of the barrage. Under normal conditions, once the 
reservoir is full, the barrage will not affect the hydrology downstream as the inflow will equal 
outflow. However, during the dry season there may be periods of reduced flows downstream of 
the barrage when the incoming low flows are not sufficient to power the turbines. Under these 
circumstances, the backwater effect from the Dayuandu Complex would still be sufficient to 
maintain a water level of 47.8 masl so the river would not dry up. 
 
528. Changes in velocity near the river wharfs. Following construction of the river wharfs at 
Songbai and Yunji, there would be small variations in velocity due to the constriction of flow 
around the wharfs. However, the effect is considered to be very small.  
  
529. Flood Risk. The county seat of Hengnan County Yunji Town is protected by some 6.5km 
of flood dykes to a standard of a flood with a return period of 1:20 years. Xintang is protected by 
2.297km of flood dykes on the right hand bank. When the inflow to the reservoir is equal to or 
less than the capacity of the turbines and the sluice gates are closed, all the water in the 
reservoir will pass through the turbines to generate electricity and the water level will remain at 
58 masl. When the inflows are greater than the capacity of the turbines but less than the control 
flow of 1600m3/s, the reservoir level will be kept at 58 masl by operating the turbines and 
opening the sluice gates. However, when the discharge exceeds the control flow, it will be 
necessary to reduce the volume of water in the reservoir to allow for some storage of the 
floodwaters in the reservoir to attenuate the flood. Following the flood, the sluice gates would be 
closed to allow the reservoir to return to a water elevation of 58 masl. For a flood of a given 
return period, it is estimated that the water levels upstream of the barrage would be no more 
than 0.1 to 0.25m above the water levels for the same event under existing conditions, and that 
the barrage would not affect the integrity of the flood dykes around Yunji and Xintang. 
 
 
 

7.2.2 Prevention/Mitigation Measures 
 

530. Initial Impoundment. To minimise the impact of filling the reservoir on downstream water 
resources, the filling of the reservoir will ideally be programmed for the wet season (the months 
of July and August). Depending on the state of the water levels on the downstream reach, it may 
or may not be necessary to allow a compensation flow. If the initial filling is programmed for the 
dry season, then a compensation flow of 50% of the upstream flows would be allowed. Under 
these conditions, the reservoir would fill in approximately 12 days.  
 
531. Operation of the Complex. The operation of the Tugutang Complex, either in isolation or 
in conjunction with the operation of other Complexes would be programmed to modify the 
hydrology of the river for specific purposes, for example, to minimise the risk of flooding during 
extreme storm or runoff events, or to encourage fish migrations by opening the sluice gates.  
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7.3 Water Quality 

 
7.3.1 Impacts on Water Quality 

 
532. Construction Phase. During construction the quality of receiving waters may be 
affected by the following activities: 
 

• Discharge of sewage and wastewaters from construction sites and 
camps to surface waters 

• Re-suspension of sediments contaminated with heavy metals during the 
construction of the barrage 

• Risk of accidental spillages of oils, fuels, and other materials 
 

533. Construction Wastewaters. During the construction phase, wastewater may arise from 
various sources (see Section 4), the main one being the aggregate washing activity (6900 
m3/day), but also stormwater runoff, concrete batching (180 m3/day), and sludge and sewage 
from the construction camps and offices (300 m3/day), and wastewater from the workshops (42 
m3/day). Most water is produced from the aggregate washing activity and would be 
characterised by high levels of suspended sediments. The wastewater from concrete batching 
would have very high pH and suspended sediment concentrations. The sewage from the 
domestic wastewater sources would have high concentrations of suspended sediments, organic 
pollution as measured by the five day biological oxygen demand (BOD5), ammonia, and 
bacteriological contamination. The maximum production of wastewater is estimated to be 8,440 
m3/d, mostly low pollution load, and representing less than 0.05% of the dry season river flows. 
Without mitigation, the discharge of untreated wastewaters would lead to a highly localised 
deterioration in water quality in the Xiangjiang River. The water quality in the vicinity of the 
barrage complies with Grade II water quality, while downstream is a Grade I protected area for 
the Hengnan drinking water source.  
 
534. Resuspension of heavy metals in the water column. The dredging of the river bed for 
aggregate and the removal of sediments and bedrock to construct the barrage foundations will 
disturb the bottom sediments which are contaminated with heavy metals. The dredging would 
increase the turbidity of the water and the sediments would be carried some distance 
downstream before settling out, potentially causing a localised increase in contaminated bed 
sediments downstream. The impact of dredgers on turbidity and re-suspension of sediments will 
depend on the nature of the bottom sediments and the type of dredger. Based on previous 
monitoring on the Xiangjiang River, bucket-type dredgers working gravels produced levels of 
suspended sediments of 200-300 mg/l in the immediate vicinity of the dredger, while grab-
dredgers working sands produced levels of suspended sediments in the order of 250-350 mg/l.  
 
535. According to survey in the draggings, heavy metals concentrations at the dredger are 
listed in Table 7.2. The concentration of heavy metals in these suspended sediments will be very 
small and within the standards for surface water quality (GB3838-2002). The concentrations of 
suspended sediments decrease away from the dredger and approach background levels at 
distances of 100 to 200 m as in Figure 7.2. The impact of dredging on turbidity is considered to 
be localised and temporary.  
 

Table 7.2: Heavy Metal Concentrations at Dregde 
 Grab-dredger (mg/L) Bucket-dredger (mg/L) Standards GB3838-2002 (mg/L) 
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Hg (0.64 - 0.96)×10-4 (0.98 - 1.4) ×10-4 0.0001 
As 0.0038 - 0.059 0.005 - 0.007 0.05 
Cd 0.00022 - 0.00033 0.0037 - 0.0052 0.005 
Cu 0.0054 - 0.0081 0.0015 - 0.0021 1.0 
Pb 0.0037 - 0.0056 0.0043 - 0.0061 0.05 
Zn 0.04 - 0.059 0.085 - 0.12 1.0 

 
Figure 7.2: Pollutant Concentration Change Downstream of the Dredger 

 
 

536. Accidental Spillages. During construction, accidental spillages of oils, fuels, and other 
chemicals could result in the contamination of wastewaters and the Xiangjiang River. The risk of 
this happening can be reduced through good site management.  
 
537. Operation Phase. After the construction of the river barrage, while the flow rate remains 
the same, the velocity of flow reduces, resulting in lower diffusion and transportation of 
pollutants. The water environmental capacity of the reservoir is considered to have been 
reduced, despite the increase in dilution capacity in the larger volume of water. There is no 
environmental capacity1 in the reach between Songbai and to Chongling estuary due to the high 
inflows of wastewaters and there is a need to improve wastewater treatment of discharges in 
this section.  
 
538. On completion of the barrage, the raised water levels will also impact on the hydrology 
and water quality of the lower reaches of the tributaries, in particular the lower 23.5km of the 
Chongling, 4.9 km on the Yishui and 3.7 km on the Lijiang River.  The diffusion capacity of these 
reaches will also be reduced by up to 20% due to the backwater effect from the raised water 
levels. To maintain the same water quality it would be necessary to reduce the pollution inputs. 
  

                                           
1 The water quality is close to the environmental quality standards, so there is no ‘capacity’ for additional discharges of 

wastewaters.  
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539. The most serious resuspension will occur once a year when the gate is opened at the 
begging of flooding season. At that time, polluted sediments will be transported downstream. 
MIKE3 has simulated the situation (Figure 7.3).  
 
540. The model simulates flooding season inflow volume as 6,931 cubic meters per second 
and outflow volume as 5,159 cubic meters per second. As in the figure, after 14 to 15 hours the 
concentrations become stable and all pollutants’ concentration become below the standards. 
However even short period, the water quality of each water intake will exceed the standards. 
The water intake operation will be suspended for that period.  
 

Figure 7.3: Downstream Cd, Pb, and As Concentration Change after Gate Open 
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541. The modelling also indicates more substantial benefits with the organic pollutants and 
heavy metal pollutants concentrations change after the barrage construction. Current pollutant 
concentrations are calculated provided current hydrological conditions and pollutant source 
distribution data. The calculated concentrations were compared with those of observed. The 
calibration results are in Table 7.3 and they are satisfactory.  

 
Table 7.3: Model Calibration Result at Songbai Section (mg/litter) 

 CD PB AS COD NH3 
SURVEY 0.001279 0.001244 0.007 9.23 0.31 

CALCULATION 0.001282 0.001236 0.0071 8.96 0.329 

ERROR +0.2% -0.6% +1.4% -2.9% +6.1% 

 
542. The model takes account of changes in hydrology and the load of pollutants at various 
locations along the reservoir area. Figure 7.4 and Figure 7.5 illustrate the main polluting sources 
in the reservoir area. The model predicts reductions in concentrations of CODCr of between 0.4 
and 51.8% and reductions in ammoniacal nitrogen between 0.1 and 27% for different reaches of 
the reservoir. This is due to the increased volume of the reservoir which enhances the dilution 
capacity and the degradation of organic pollutants. Concentrations of CODCr and ammoniacal 
nitrogen comply with Class II water quality standards before and after construction of the 
scheme. Comparing the existing conditions and future conditions with the scheme, water quality 
improvements are highest during the dry season due to the much greater dilution capacity of the 
reservoir.  
 
543. The change in  water quality was modelled for heavy metals (Cd, Pb and As) and 
organic pollution (CODCr and ammoniacal nitrogen). Industrial pollution sources are mostly 
concentrated in the Songbai area, followed by the Bofang area. Organic sources of pollution 
include the industrial and domestic wastewaters from settlements. The impact of industrial and 
domestic wastewater discharges on water quality were modelled for six typical crosses sections 
and an additional four river water in-takes for drinking water supply at Bofang Lijiang Town, 
Songbai Town and Songjiang Town.  
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Table 7.4: Estimated Pollutant Maximum Concentrations after Construction 
(mg/litter) 

Place Cd As Pb CODcr NH3N
Jinweizhou 0.00063 0.007 0.00292 5.02 0.12 
Yishui inlet 0.00063 0.007 0.00292 5.00 0.123 
Dayuwan 0.00104 0.00734 0.00332 7.02 0.117 
Chonglin inlet 0.00194 0.00855 0.00626 6.97 0.127 
Xianjiang village 0.001911 0.00846 0.00583 6.80 0.128 
Bazhi 0.00191 0.00846 0.00399 5.13 0.116 

 
Table 7.5: Pollutant Concentrations Maximum Change after Construction 

(mg/litter) 
Place Cd As Pb CODcr NH3N
Jinweizhou 0 0 0 0 0 
Yishui inlet 0 0 0 -0.02 -0.008 
Dayuwan -0.00004 -0.00007 -0.0003 -1.27 -0.01 
Chonglin inlet -0.00017 0.00007 -0.00026 -1.55 -0.007 
Xianjiang village -0.00019 0.00008 -0.00039 -2.62 -0.012 
Bazhi -0.00019 0.00008 -0.00043 -4.41 -0.036 

 
Figure 7.4: Distribution of Heavy Metal Pollution Sources in the Reservoir Area 
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Figure 7.5: Distribution of Organic Pollution Sources in the Reservoir Area 

 
 
544. At present the concentrations of Cd, Pb and As in the Xiangjiang River comply with 
Class II water quality standards. The water quality modelling indicates that this will still be the 
case with the project, although there would be slight reductions in the concentrations of Cd and 
Pb due to the sedimentation of heavy metals in the slower flowing waters in the reservoir area, 
while the concentration of As would remain about the same as in TableS 7.4 and 7.5. 
 
545. Eutrophication in the Reservoir. Impoundment of water in the reservoir may result in 
eutrophication (enrichment of nutrients). Total nitrogen and total phosphorous were calculated 
for the new reservoir, based on current concentration of nutrients in the river, river flows and 
storage in the reservoir, and compared to monitored levels in the river. The calculated figures for 
Total Nitrogen and Total Phosphorous were 1.79 mg/l and 0.1 mg/l respectively, which 
represented increases of current concentrations in the river of 10.5% and 25%. These figures 
do not indicate a risk of eutrophication2. During the early years, nutrient enrichment may occur 
due to the flooding of farmland, decomposition of vegetation and release of nutrients from the 
soils. At present the concentrations of nutrients are within the Class II standard for rivers, and 
this is expected to remain the case. There may still be a risk of eutrophication at sensitive 
locations, such as sewage discharge points. 
 
546. Eutrophication in the Tributaries. Eutrophication already occurs on the tributaries, with 
algal blooms often appearing between February and June and excessive growth of 
macrophytes such as the aquatic weed Water Lettuce. The main source of nutrients in the 
tributaries is diffuse runoff from farmland. According to investigations, villages in these areas do 
not take their drinking water from the tributaries, so that ongoing eutrophication would not 
impact on drinking water sources. 

 

                                           
2 In addition, according to Hydropower China Engineering Corporation team responsible for the EIA, it is unlikely that 

water quality effects at the project site will have a measurable effect on water quality as far downstream as 
Dongting Lake considering all the other factors influencing water quality in the downstream reach.  
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547. Oils Spillages from Shipping. During the operation of the scheme, the river water quality 
may be affected by oil spillages from accidents in handling cargo and discharges from vessels3. 
At the two ports Yunji and Songbai, accidental spillages are unlikely to be sufficiently large to 
impact upon the urban drinking water intakes.  
 

7.3.2 Prevention/Mitigation Measures 
 

548. Collection and treatment of construction wastewater. Wastewater arising at the 
construction sites will be treated prior to discharge to the Xiangjiang River. The main measures 
are summarised below and described in Section 11. 
 

• Collection of construction water, groundwater pumped from excavations, and 
stormwater runoff in sedimentation ponds prior to discharge to the river 

• Two bio-filter sewage treatment plants, one on each side of the river, to treat 
domestic wastewater,  

• Treatment of oily water from the workshops, and 
• Sedimentation ponds for water used in aggregate washing.  

  
549. Control of industrial and domestic wastewaters. Long term improvements in water quality 
in the Xiangjiang River are dependent on widespread improvements in domestic and industrial 
wastewater collection and treatment, to comply with wastewater discharge standards. The 
Hunan Environmental Protection Bureau is implementing an extensive programme in pollution 
control (see Section 3). 
  
550. Control of diffuse pollution from the catchment. Widespread improvements in agriculture, 
soil and water conservation, and land management are required to reduce diffuse pollutants to 
the river and reduce the risk of eutrophication.  
 
551. Control of waste from ships and ports. Ships will not be permitted to discharge 
wastewaters of any type into the river, as enforced by the Maritime Administrative Bureau. The 
new ports will be provided with constructed wastewater treatment facilities and the 
administration will be responsible for maintaining the ports in a clean and orderly fashion.  
  
552. Emergency Response and Preparedness. There is potential for accident spills of oil, 
chemicals, and other hazardous materials at the barrage ship lock, Yunji port, and Songbai port. 
Emergency response plans will be developed at each of these facilities, with necessary spill 
containment and clean-up equipment provide and training undertaken. Accidental spills in the 
reservoir and navigation channel are the responsibility of the Hunan Maritime Administration 
Bureau. However, coordination will be undertaken to assist Hunan Maritime Administration 
Bureau as necessary, for the barrage acts a barrier downstream movement of spills during the 
dry season conditions. 
 
553. Protection of Water Treatment Plant Intakes. The environmental management plan 

                                           
3 The project will not provide any facilities specifically for vessel maintenance (where most antifoulants are released) 
and will not be responsiblefor increasing the release of antifoulants from shipping fleets. The permitting of antifoulant 
chemical types (e.g. organotins) is a matter of national policy.  Specific licenses and controls for vessels are the 
responsibilityof Hunan Maritime Administration Bureau, which  will be strengthened under the project. 
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provides for new equipment to be installed at up to eight water treatment plants to prevent 
contamination of drinking water supplies.  The frequency of water quality monitoring is to be 
increased during the flood season, focusing on the monitoring of the heavy metals of Cd, Pb, 
and As, as well as, COD and ammonia nitrogen, at least 6 times each day In addition, there will 
be improvements in forecasting water quality; strengthened water and sediment quality 
monitoring in the reservoir; and further research on the exchange between heavy metals in the 
water column and the sediments. 
 

7.4 River Bed Sediments 
  
7.4.1 Impacts on Sedimentation, Scour, and Contaminated River Bed 

Sediments 
 
554. Construction Phase. The main impacts on river bed sediments during construction are: 
 

• The removal of aggregate for construction. The sand in the river is already mined 
for the construction industry. The Contractors will probably purchase sand for 
concrete from a local supplier. The sand mining activities cause localised 
variations in bed morphology, localised poor water quality and the loss of 
benthos.    

• Localised scour, especially during high flows through the coffer dams, resulting in 
minor variations in water depths and bed levels. This impact could be partially 
reversed during construction and the early years of operation due to 
sedimentation.   

• Re-suspension of sediments during the construction of the barrage. This would 
result in increased suspended sediments in the water column and the potential 
localised redistribution of contaminated sediments in the vicinity of the 
construction site.  
 

555. Operation Phase. Following construction of the Tugutang Complex, sedimentation and 
scouring4 of the bottom sediments will occur.  
 
556. Changes in Patterns of Sedimentation and Scour. Typically, flow velocity falls at the 
upstream end of a reservoir where the coarse sediment falls out of suspension and deposits on 
the river bed. The finer material is carried further along and possibly out of the reservoir. As the 
Tugutang Complex would be the sixth such barrage in the downstream direction, the 
concentrations of suspended sediments would be expected to be lower compared to the 
baseline prior to the construction of any barrages and much of the sedimentation would be 
occurring in the upstream reaches. Furthermore, over 60% of the sediment is transported during 
the wet season, when the barrage would be open and the sediment laden flows would not be 
detained. Flushing during the wet season may also allow some bed scour and removal of 
sediments. Significant rates of sedimentation in the Tugutang reach of the Xiangjiang River are 
not expected. Sedimentation rates were modelled for a 20 year period and an average 
deposition depth of 0.2m was estimated for the Tugutang section (see description of 
sedimentation calculations in Appendix VIII). Experience from other barrages indicates that the 

                                           
4 Scouring and re-suspension is a year round issue in navigational rivers. Consequently, neither thermal nor chemical 

stratification of the reservoir is expected to take place, as confirmed by The Hydropower China Engineering 
Corporation team responsible for preparation of the EIA.  
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scouring depth upstream of the barrage is small given the low velocities and shallow bed slope. 
Downstream of the barrage, the relatively cleaner water may entrain the finer sediment, 
resulting in a change of river bed sediments from the current mix of silts, sands, and gravels to 
mostly gravels. The rate of scouring becomes limited by the size of particles on the river bed. 
 
557. Exchange of Heavy Metals. Sedimentation in the reservoir area results in the settling out 
of pollutants from the water column which are attached to the particles. These pollutants can be 
released back into the water column due to physical disturbance of the river bed sediments and 
chemical reactions. Heavy metals tend to enter the bottom sediments due to sedimentation 
processes and a proportion can be released back into the water column under certain 
circumstances. The river water is slightly alkaline (pH is 7.8 to 8.2), with oxidation-reduction 
potential values of 150-350mv, and relatively high water temperatures with strong seasonal 
variations (temperature ranging from about 4 to 32°C). These conditions all promote the 
relatively high adsorption rate coefficients, change from low valence metal ions to high valence 
metal ions, sedimentation of generated oxides, processes of flocculation, polymerisation, and 
complexation, which encourage the incorporation of heavy metals into the bottom sediments. 
The changes in the hydrological regime of lower velocities also promote sedimentation.  
 
558. Chemical analysis of heavy metals in leachate from bottom sediments undertaken by the 
Chinese Research Academy of Environmental Sciences indicate that cadmium accounts for 
0.28% of the total volume, copper for 0.15%, lead for 0.07%, and mercury for 0.021% (see 
Table 5.13). The release rate of heavy metals from the bottom sediments are generally for 
copper and arsenic (2.44 x 10-1µg/cm2.d), followed by lead (7.84 x 10-2µg/cm2.d), cadmium (1.25 
x 10-2µg/cm2.d), and mercury (1.84 x 10-4µg/cm2.d). Of these heavy metals, cadmium is 
released in the highest proportion, while copper and arsenic have the highest release rates. 
Under normal conditions, only a small part of the heavy metal ions in an exchangeable state are 
released from the surface layer of sediments.  
 
559. Discharges during flood conditions may increase scour and release heavy metals into 
the water column.  
 

7.4.2 Prevention/Mitigation Measures 
 
560. Various actions will be undertaken to control the adverse impacts of working with 
sediments in the river. 
 

• Procurement of river sand from an authorised supplier. Tender 
documents will specify acceptable sand suppliers. The Contractors will 
be required to verify that sand for aggregate is not being mined in 
protected areas (e.g. for river intake works), known fish spawning areas, 
or other locations that could create adverse impacts, and this will be 
monitored by the construction supervisor. 

• The use of coffer dams will help to restrict the resuspension and 
dispersion of contaminated sediments during construction by providing a 
physical barrier to the movement of sediments in the water column (see 
Figure 4.4). 

• Restrict the area of working in the river and where possible limit in river 
works to the dry season. 

• The dredging company will be required to meet prescribed water quality 
standards for Total Suspended Sediments within 500m of the dredger 
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during operations. This would be enforced by the Hunan Water 
Resources Bureau. 
 

561. During the wet season, the barrage would be operated to allow the high flows to pass 
downstream, which in turn would cause some scouring of the reservoir bed and help to maintain 
the available storage in the reservoir. No other mitigation measures are proposed for the 
operational phase.  
 

7.5 Groundwater  
 

7.5.1 Impacts on Groundwater 
 

562. Construction Phase. During the excavations in the vicinity of the barrage it may be 
necessary to pump out groundwater. The groundwater is likely to have similar chemical 
characteristics to the river water and discharging groundwater back to the river would not cause 
pollution.  
 
563. Operation Phase. Following the impoundment of the reservoir groundwater levels in the 
surrounding area are expected to rise by 0.5 to 2.1m depending on location and soil profile. 
Given the ground elevations, waterlogging and inundation are expected to occur over about 136 
hm2 mostly on farmland. Waterlogging may affect the foundation of buildings and the health of 
trees. However, all of the ancient trees lie more than 500m from the reservoir (see Table 1 in 
Appendix III).  
 

7.5.2 Prevention/Mitigation Measures 
 

564. Construction water would be pumped to a settlement pit to allow some removal of 
suspended particles prior to discharge to the river.  
 
565. It is not feasible to mitigate the rise in groundwater levels following the creation of the 
reservoir. However, some farmland at risk of flooding will be mitigated by removing soils from 
nearby hilltops and using it to raise land in affected areas.  Similarly, if farmers register 
grievances related to waterlogging of agricultural land, and it is demonstrated through 
hydrogeological investigation that this is associated with the new barrage, similar mitigation 
measures will be implemented by XNCD.  
 

7.6 Geology, Soils and Slope Stability 
  

7.6.1 Impacts on Geology, Soils and Slope Stability  
 

566. Construction Phase. Potential impacts on geology and soils during construction are 
most likely to occur due to: 
 

• Quarry Operations. Stone and crushed rock will be required for 
construction purposes. Quarry operations may result in considerable 
changes in topography, changes in hydrogeology, and loss of 
vegetation. 

• Dredging. River sands are dredged for use in construction. Dredging 
changes the water quality, river bed topography and benthos and these 
activities must not occur in sites protected for drinking water supply and 
fish spawning.  
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• Borrow Pit Excavations. Unless properly controlled, borrow pits can 
cause drainage, ecological and visual impacts.   

• Soil Erosion on Construction Sites. The removal of vegetation, the 
creation of bare surfaces, and new access roads create suitable 
conditions for highly localised soil erosion due to runoff and off site 
sedimentation causing blockages in downstream drainage channels and 
turbid conditions in receiving waters.   

• Contamination of Soils. Accidental spillages of oil, fuels, and other 
materials can result in contaminated soils. 

• Creation of Spoil Disposal Sites. Two spoils disposal sites have been 
identified near the Tugutang Complex. Uncontrolled disposal of excess 
spoil can lead to the burial of good quality land, erosion of the spoil heap 
by water and downstream deposition, poor vegetation restoration, and 
the creation of a visual eyesore.  

• Land Raising. Topsoil in hilly areas will be removed and used to raise 
farmland that would otherwise be inundated. Poor control of this activity 
could lead to the removal of excessive amounts of top soil, causing soil 
erosion and affecting the vegetation cover in the donor areas. 
 

567. During construction, the land clearance and general land disturbance for construction 
platforms, quarry sites, and resettlement areas is estimated to cover some 485 hm2. A 
breakdown of current land uses of these disturbed areas is presented in Table 7.2. The study 
area lies in a region of Hunan classed as having moderate erosion. The total amount of soil loss 
from the disturbed areas during construction is estimated to be 93,168 t.   
 
568. Operation Phase. The main impacts during the operation phase are: 

• Loss of productive soils due to the construction of the permanent works 
and inundation 

• Slope instability around the banks of the reservoir 
• Seepage to groundwater from the reservoir 
• Inundation of potential mineral resources 
• Soil erosion in the temporary construction lands 

  
569. The project will result in the loss of productive soils in the footprint of the construction 
and inundation area. 
 
570. After inundation, the reservoir banks will extend over some 50.75 km along both sides of 
the river. Some 65.65km (43.6%) comprise the natural slopes in loose Quaternary sedimentary 
deposits, 44.5 km (22.2%) are formed from man-made flood dykes, and some 51.55 km (34.2%) 
of slopes would comprise bedrock. The current studies have identified some 19 sections in the 
natural slopes which are collapsing and sections of the artificial banks are believed to be failing. 
While the project includes repairs to the embankments, it is likely that the project will result in 
new slope failures due to a reduction in the mechanical strength of the slopes and wave action. 
The rock slope sections are believed to be stable.  
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Table 7.2: Summary of areas disturbed by construction 

Project Region Paddy 
Field 

Dry 
Land 

Wood
land 

Grassl
and Waters Floodplain Others Total 

1. Disturbed Surface Area 271.74 15.96 72.67 99.10 5.69 15.09 4.81 485.06 

M
ai

n 
W

or
k 

A
re

a 

Complex 

Complex Work 
Area 

38.16 2.50 1.24 6.19 4.64 0.00 2.16 54.89 

Work Area of 
Kiloton Dock 

 0.00 0.00 0.00  2.14  2.14 

Reservoir 
Area 

Work Area of 
Kiloton Dock 

0.00 0.00    1.45  1.45 

Work Area of 
Lifting & Filling 

221.49 0.00 0.00 0.00  0.00  221.49 

Impact 
Treatment Area 

of Reservoir 
Inundation 

2.40 0.24 0.00 0.00 0.00 0.00 0.03 2.67 

Approach Road & Site Road Area 2.91 1.45 0.62 0.58 0.00 0.00 0.00 5.56 

Temporary Construction Area 2.44 0.00 1.14 0.00 1.05 0.00 0.02 4.65 
Temporary Road Area    1.30    1.30 
Abandoned Dredge Soil Site 4.34 0.48 4.92 4.26    14.00 
Quarry Area 0.00 0.25 1.00 1.75    3.00 
Borrow Area  10.00 57.79 19.47  0.00  87.26 
Sand & Stone Borrow Area    56.00  11.50  67.50 

Area of 
Resettlement and 
Rehabilitation of 
Special Facilities 

Resettlement 
Area 

0.00 1.04 0.69 0.00 0.00 0.00 0.00 1.73 

Rehabilitation 
Area of Special 

Facilities 
  5.27 9.55  0.00 2.60 17.42 

2. Area of Destroyed Water & Soil 
Conservation Facilities 

269.34 15.72 72.67 99.10    456.83 

 
571. The reservoir is located in areas of relatively impermeable rocks such as sandstone, 
shale, and mudstone. Carboniferous limestone is limited to the area around Songbai Town and 
is separated by impervious sandstone and quartz sandstone. Seepage from the reservoir is not 
considered to be a problem.  
 
572. Based on the study of geology in the wider study area, no significant mineral resources 
would be inundated by the reservoir. The Xiangjiang River will continue to be a source for sand 
mining.  
 

7.6.2 Prevention/Mitigation Measures 
 
573. Control of Soil Erosion on Construction Sites. During construction the contractors 
will be required to prepare and implement a Site Drainage and Soil Erosion Management Plan  
to prevent soil erosion and off site sedimentation, install temporary drainage, control pollution 
and accidental spillages, implement a Spill Management Plan, and mitigate the adverse effects, 
including cleaning up accidental spillages. 
 
574. Soil and Water Conservation Measures. Proposals for SWC will be implemented in the 
construction area, in buffer zone areas near reservoirs and in the resettlement villages.  
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575. Loss of Soil for Agricultural Purposes. Due to the lack of good quality land and the need 
to bring low to medium quality land into production, it will be necessary to undertake measures 
to improve soils for agriculture, such as improving the soil structure, and using fertilisers and 
nutrients. 
 

7.7 Phytoplankton, Zooplankton and Zoobenthos  
 

7.7.1 Impacts on Plankton and Zoobenthos 
 
576. Construction Phase. During construction the increase in turbidity around the dam site 
and the excavations would result in the highly localised loss of plankton in the water column and 
benthos in the sediments. However, the impact is not considered to be significant.  
 
577. Operation Phase. The creation of a reservoir upstream of the dam will result in 
modifications to the hydrology and water quality, which may favour particular species of 
plankton over others.  
 
578. Phytoplankton. During the initial filling of the reservoir, the change in hydrology, 
increased transparency due to settlement of suspended solids and spike in nutrients are 
expected to promote primary productivity but the effect is likely to be small. Variations in primary 
productivity may be expected from the changing conditions in different parts of the new 
reservoir. The main phytoplankton species are expected to continue to be the diatoms, blue 
algae and green algae, and the community structure of phytoplankton is expected to remain the 
same. Eutrophication and algal blooms are not expected, but during the summer months there 
may be increased phytoplankton growth (greater biomass) with resultant changes in water 
colour and transparency.   
 
579. Zooplankton. Following completion of the barrage, some changes in species diversity of 
zooplankton may occur due to the changing environmental conditions. For example, based on 
previous monitoring for Dayuandu there may be a decrease in the proportion of rotifer 
zooplankton and an increase in protozoa. The density and biomass of zooplankton may also 
increase. Downstream of the dam, the population and biomass of zooplankton may increase, 
with rises in rotifer and protozoa, again based on the experience of Dayuandu. The expansion 
of the reservoir up the Chongling tributary is expected to favour zooplankton typical of lake 
conditions. However, the species composition of zooplankton in the Leishui and Mishui is 
expected to remain similar to existing, as these tributaries would be relatively unaffected by the 
scheme.  
 
580. Zoobenthos. The species distribution of zoobenthos in the reservoir area is expected to 
remain much the same, although there may be a decrease in certain species such as molluscs 
and an increase in annelids and arthropods. The total biomass may not vary significantly. 
Downstream of the dam, the winnowing of the fines leaving a predominantly gravel bed may 
favour certain species of zoobenthos. The proportion of annelids would be expected to rise 
while that of molluscs and arthropods would decrease. The density of zoobenthos may 
decrease, with the proportion of annelids rising and that of molluscs and arthropods decreasing. 
The total biomass of zoobenthos may rise, of which the proportion of molluscs would rise and 
that of annelids and arthropods decrease. The Chongling tributary is currently dominated by 
Semisulcospira mollusc and Zygoptera naiad which are found in slack water. Consequently, the 
increase in water depth and reduction of flow velocity are not likely to change the zoobenthos, 
although other species also adapted to slack water may increase such as annelid and mollusc. 
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The hydrological changes in the Leishui and Mishui will be much less pronounced, so the 
species composition and biomass are expected to remain similar to existing.  
 

7.7.2 Prevention/Mitigation Measures 
 
581. No specific mitigation measures have been identified. 
 

7.8 Fishery Resources 
 

7.8.1 Impacts on Fisheries 
 
582. Construction Phase. During construction, noise and vibration from blasting and 
excavations for the foundations, and increased turbidity of the waters would tend to deter fish. 
The main impact would be temporary displacement of fish to other sections of the river. Noise 
and vibration disturbance together with closure of part of the river due to the coffer dams would 
in particular deter migratory and semi-migratory fish. This impact would be more severe, if the 
XNCD decides to ‘close’ the river for a 19 month period, which is being considered. 
 
583. Operation Phase. Following completion of the barrage, the main impacts on fisheries 
are: 
 
584. Barrier effect of the barrage 

• Changes in the eco-environment and their effects on fish 
• Impact on rare and specific fish resources 
• Impact on fish in Dongting Lake 
• Impacts on important eco-environments of fish 

 
585. Barrier Effect of the Barrage. The construction of the previous barrages on the 
Xiangjiang River has created barriers to fish migrations, especially the eel and Chinese 
sturgeon, cutting off the populations in the upper, middle and lower reaches from each other. 
The construction of the Tugutang Complex will add to this barrier effect. The barrier effect 
prejudices the long term viability of populations of migratory and semi-migratory fish in the 
Xiangjiang River. Migratory fish are separated from their natural spawning and over-wintering 
grounds potentially reducing populations in the river and lake complex. Small populations are 
vulnerable to localised extinctions. The gene pool for the fish in a given reach is smaller and 
over the long term differences in the gene pool between the segregated populations may 
diverge.   
   
586. Changes in the eco-environment. The changes in hydrology and water quality may 
impact upon fish populations. The new barrage will create a reservoir upstream with deeper 
water and slower velocities, which should benefit fish species that prefer lake waters to rivers. 
However, the changes in hydrology are limited. The proposed barrage has a low head and 
despite the slower, deeper waters close to the barrage itself, the tail end of the reservoir will 
continue to have a hydrological profile similar to riverine conditions. Furthermore, during high 
flows, the barrage gates will be open through the periods of natural high flow whatever their 
duration, and therefore the river flows will be similar to the existing unconstrained high flows. 
The studies suggest that flow velocities in the centre of the reservoir will approximate those 
under existing conditions some 25 km upstream of the barrage. Those fish that prefer riverine 
conditions would tend to congregate in the upper part of the reservoir while those species that 
prefer lacustrine conditions would tend to occupy the lower 25 km. Only one species 
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Lepturichthys fimbriata preferred torrent streams, while the majority prefer flowing water or slack 
water. Overall it is considered that the dominant species in the reservoir will be unchanged from 
present. The biomass of fish may increase due to the greater volume of the water body and 
enhance enlargement of their habitat.  
 
587. Following the completion of the barrage, the physico-chemical characteristics of the 
water body may change. In particular, during initial filling there may be an increase in nutrients, 
which, together with greater transparency, may lead to an increase in primary production. This in 
turn may lead to an increase in fish production, but the impact is likely to be small and possibly 
short-lived.     
   
588. Changes in the community structure of plankton and biomass can impact on the species 
composition and productivity of fisheries through modifications to the food chain. The change 
from predominantly zoobenthos in the river to zooplankton and phytoplankton in the reservoir 
would benefit fish species that feed on plankton. During initial impoundment, fish that reach 
maturity quickly would benefit from the increase in primary productivity. The population of fish-
eating fish would be retarded at first, but would eventually reach equilibrium. 
 
589. Protected Fish Species. The two nationally protected fish species in the Xiangjiang are 
the Chinese sturgeon (Class I) and mullet (Class II). Chinese sturgeon have been caught 
downstream of Zhuzhou, but not in the Tugutang section. Similarly the mullet, which is semi-
migratory, has not been caught in the Tugutang study area for many years. Historically, there 
were no important spawning and fishing grounds for mullet in the Tugutang area. Overall, the 
construction of the Tugutang Complex would not impact on nationally protected fish species.    
 
590. There are a number of species of fish protected at the provincial level, some of which 
have not been found in the Tugutang study area for many years and would not be affected 
directly by this scheme. The remaining species found in these waters include Hengyang thin 
loach, Guan, Tor fish, Luxi straight mouth mud, Xiangjiang snake minnow, corrugated mandarin, 
dark mandarin, Taihu new whitebait, and Channa, which prefer slow flowing waters. Semi 
migratory and migratory species would be impacted by the barrier effect of the barrage.  
 
591. Three species found during the investigations are listed in the China Red Data Book of 
Endangered Animals, namely mullet, Leptobotia elongate and Coreosiniperca roulei. L. elongate 
is widely distributed on the Yangtze and its tributaries, including the reach of the Xiangjiang 
downstream from Changning. It was not found during this investigation. This species prefers 
torrential waters, so the Tugutang Complex would reduce its habitat. C. roulei was found in the 
study area, but this species is unlikely to be impacted by the scheme because it breeds in slack, 
backwater areas.  
 
592. There are five species specific to the Yangtze River - Liobagrus marginatus, Rhinogobio 
cylindricus Gunther, Leptobotia elongate, Procypris rabaudi and Liobagrus marginatoides. All 
these species, except L. marginatus, prefer torrent water and their habitat will shrink to the 
upper reaches of the tributaries with the construction of the Tugutang Complex. L. marginatus 
prefers slower flows, so the scheme should not impact on them.  
 
593. Impact on Fisheries of Dongting Lake. The Xiangjiang River and Dongting Lake are 
important for some migratory and semi-migratory fish to complete their life cycle. Consequently, 
changes on the river can impact upon the fisheries of the lake.  Mature fish leave Dongting Lake 
and migrate upstream to spawn in the shoals of the main river and its tributaries before 
returning to the lake. The eggs and fry float downstream to Dongting Lake where they mature. 
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The Dayuandu and Zhuzhou Complexes have already been constructed downstream and 
Changsha is under construction. During the dry season from November to March the gates are 
closed, while during the wet season the gates are open to release the flood flows downstream 
between April and June. The operation of these downstream barrages has already affected 
overwintering and spawning migrations. The migration of adult fish between April and June can 
still occur, but their return migration and the floating of eggs down to Dongting Lake may be 
severed by the closure of the gates. It is considered that the fry of the four main Chinese carp 
entering Dongting Lake will greatly decrease. The fisheries of Dongting Lake are already 
declining.  
  
594. Impact on the Viability of the Dongting Lake IBA. The Tugutang Barrage may have a 
slight indirect impact on the importance of Dongting Lake as a Ramsar Site and Important Bird 
Area, due to the potential impact on fisheries in the lake and the populations of fish-eating birds. 
However, it is worth remembering that the Dongting Lake is very large, and is fed by several 
other major rivers including the Yangtze. The barrier effect of barrages to fish migration has 
already occurred by the construction of the Zhuzhou and Dayuandu Complexes downstream. 
  
595. Impact on Important Fish Habitats. The scheme may impact upon (a) spawning grounds 
in the reservoir area, (b) spawning grounds downstream of the dam, and (c) food supply and 
overwintering grounds.  There are four main spawning grounds on the Xiangjiang River and one 
on the Chonglingshui tributary (see Table 7.3). The Tugutang Complex will not impact on the 
Dabao spawning ground, which is located about 40 km upstream of the Jinweizhou Complex. 
The impact of the scheme on the Baifang spawning ground may be slight, as the hydrological 
regime in the upper end of the reservoir which would be slightly unmodified. The spawning 
ground at Songjiang may continue to have some value, despite the higher water levels and 
reduced velocities, as during flood conditions when the fish are spawning the velocities may 
approach those under existing conditions. The Four Major Chinese Carp do not spawn at Yushi 
or on the Chonglingshui, so the loss of these spawning grounds would not impact on these 
species. The Yushi spawning ground is used by Squalidus argentatus, Squaliobarbus curriculus, 
Plagiognathops microlepis and Xenocypris davidi. S curriculus lays drifting pelagic eggs and the 
other four species lay micro-viscosity drifting pelagic eggs, which do not have high requirements 
for spawning but need flowing water for stimulation. Following construction of the Tugutang 
Barrage, the Yushi spawning ground may well shrink in size and species such as S. curriculus 
may use other spawning grounds upstream.     
 

Table 7.3: Distribution of Spawning Grounds Upstream of Tugutang Barrage 
No. Name of 

Spawning Ground 
Distance from 

Tugutang 
Barrage (km) 

Presence of 
Four Chinese 
Carp Species 

Range Location

1 Dabao 88-98 Yes Tuqiaowan-Dabao Reservoir tail of 
Jinweizhou 

2 Baifang 45-50 Yes Wansong-Baifang Reservoir tail of 
Tugutang 

3 Songjiang 22-28 Yes Songjiang-Hekou Centre of Tugutang 
reservoir 

4 Yushi 6-11 No Yushi-Shitang Front of Tugutang 
reservoir 

5 Yanzhou 
(Chonglingshui) 

45-51 No Yanzhou-Wanyang Lower reaches of 
Chonglingshui 

 
596. The creation of the reservoir will provide good breeding and feeding conditions for lake 
fish which feed off plankton. There would be a corresponding decline in those species that 
require flowing water. The reservoir would also provide good over-wintering grounds for fish as 
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the water levels would be maintained at higher levels compared to the rivers. 
  

7.8.2 Prevention/Mitigation Measures 
 
597. During construction various measures will be implemented to protect fish.  
 

• During the flood season, when migratory fish are swimming upstream, blasting 
and excavation works will not be carried out. In addition, before blasting activities 
in the vicinity of the river, an aquatic noise alarm will be sounded to repel fish 
before the blasting is undertaken, to prevent fish mortalities resulting from 
blasting percussion in the water column. 

• During the spawning season, the ship lock will remain open to ensure that 
floating egg spawn is not blocked by the construction works but is allowed to 
pass downstream.  

• As part of the environmental education training for the workforce, all staff will be 
informed of the importance of the fisheries and on activities that are illegal and 
not permitted, such as fishing in the spawning season, use of certain types of 
methods, and disposal of harmful wastes into the river. 

• Any fish caught in the cofferdams will be release back into the river.  
• The impacts of construction will be monitored.   

 
598. During the operation of the Tugutang Barrage, the following six measures will be 
implemented to protect fisheries: 
 

• Identification of important fish habitats by the Fish Resources Bureau, with 
fishing in these areas being prohibited during the spawning season.  

• Integrated operation of the cascade of barrages for ecological mitigation (i.e. 
allow movement of migratory fish during the spawning season by co-ordinating 
the opening of sluice gates on the barrages during the floods) 

• Construction of a fish pass alongside the barrage.  
• Construction of a fish hatchery and implementation of a long term programme for 

artificial releases of fish spawn into the river. 
• Improvement in the administration of the Fisheries Regulatory Authority 
• Investment in scientific research programmes. 

 
599. During flood conditions, the gates on the barrage will be open to allow the floods through 
and the discharge and velocity of flow will be similar to existing conditions under high flows. 
Under these conditions, the migratory and semi-migratory fish should be able to swim upstream. 
Integration of the operation of the cascade of barrages would help to remove the barrier effect 
during the flood window along much of the river. However, some fish may attempt to migrate 
outside this window and the season for the floating fish eggs may be slightly delayed from the 
main flood period, when the barrages may be closed again. The timing of fish spawning and the 
period of floating eggs need to be examined carefully by the Fish Resources Bureau in order 
that they can identify a suitable integrated programme for barrier operation to maximise the 
opportunities for fish and spawn to move up and down the river. 
 
600. The impact of the downstream barrages also need to be carefully examined by the Fish 
Resources Bureau. As the Zhuzhou and Dayuandu barrages were built without fish passes, they 
effectively create a barrier to fish migrations. Consequently, the proposed fish pass at Tugutang 
will only be of local benefit, unless fish passes are constructed retrospectively on the 
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downstream barrages. This is now planned by the Hunan EPB. 
  
601. The PPTA consultants were advised that the fish pass on the Zhuzhou barrage was not 
built because to previous over-deepening of the channel downstream by sand mining works had 
already led to the cessation of the fish migrations. Furthermore, the over-deepening has not 
been corrected by natural processes due to the marked drop in suspended solids in the water 
column due to sedimentation behind the upstream barrages. Therefore, there may be a need for 
additional measures (as well as fish passes) to restore a migratory fishery to the river. 
 
602. In conclusion, for the fish pass at Tugutang to have more than a local benefit, and to 
restore migratory fish on at least the lower and middle parts of the river, there is a need for a 
better understanding of the current level of fish migrations and the factors which are 
constraining this, then implementation of corrective actions, which would include not only 
retrospective fitting of fish passes downstream, but other rectifications to the channel and 
habitats.    
  

7.9 Terrestrial Habitats and Plants 
 

7.9.1 Impacts on Terrestrial Ecology 
 
603. Construction Phase. At the Tugutang Barrage site, temporary and permanent land take 
will be required for the footprint of the works themselves, temporary offices, storage areas, 
wastewater treatment facilities, access roads, quarries, and construction platform. Most of the 
land currently comprises dry land, rice paddy, secondary shrubland, shrub meadow, fire slash 
and very small areas of woodland such as fir, pine and poplar. No rare plants were found in the 
vicinity of the construction site, and those plants that do occur are widespread and common. 
The area of woodland to be cleared is small, comprising 31mu (2 ha) for permanently occupied 
(by the Project) woodland and 973 mu (65 ha) for the temporarily occupied (by the Project) 
woodland. The loss of this woodland amounts to c0.9% of the woodland in the assessment 
area, which is not considered to be significant. The scheme is not expected to impact on rare 
habitats or species.   
 
604. Operation Phase. The creation of the reservoir would flood approximately 4260 mu 
(284 ha) of land mostly lying along the river banks and comprising farmland. The native 
vegetation in the study area has mostly been removed for agriculture and the remaining habitats 
are of low conservation value. Some 439 mu (29 ha) of woodland would be inundated. This is 
reported to be a timber forest, with no rare plants.  
 
605.  Resettlement housing would result in removal of trees for timber used in house 
construction. If the resettlement process is poorly managed, some areas could be over-cleared 
of trees.  
 
606. Five National Key Protected Plants are found in the study area, wild soybean, golden 
buckwheat rhizome, camphor tree, Camptotheca acuminata, and palm trees Ormosia henryi. 
These species are all widely distributed and wild soybean and golden buckwheat rhizome are 
considered to be uncontrolled weeds. The camphor tree is fund in hilly areas in the southern 
middle and lower reaches of the Yangtze River and is often found with other mature trees in 
villages. C. acuminate is also widely distributed, but is rare in the study area. While the project 
may result in the loss of individual specimens of wild soybean, golden buckwheat rhizome and 
camphor trees, this will not impact significantly on the population of these species given their 
wide distribution and ease of reproduction.  
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607. Along the banks of the Xiangjiang there are 57 ancient great trees, of which 50 are found 
in Hengnan County. These trees are not located in the inundation areas, so the project will have 
limited effect on them.  
 

7.9.2 Prevention/Mitigation Measures 
 
608. During construction, the soils for land raising will be taken from vegetated hilltops, which 
will involve the removal of vegetation and soil. It is proposed to introduce soil and water 
conservation measures to help the restoration of these donor sites.  
 
609. The Contractors will be required to undertake actions to minimise their impact on 
terrestrial habitats and flora, such as minimising the area of vegetation clearance and re-
vegetating on completion of the works, informing staff of the importance of terrestrial vegetation 
and forbidding activities such as setting fire to vegetation and controlling the spread of invasive 
weeds, and collecting rare and endangered species of plants. 
 

7.10 Terrestrial Fauna 
 

7.10.1 Impacts on Terrestrial Fauna 
 
610. Construction Phase. During construction, fauna may be impacted by the loss of habitat 
following land clearance and disturbance due to noise and human activities, especially around 
the dam site.   
 
611. Operation Phase. The impacts of operation of the scheme on amphibians, reptiles, 
birds, and mammals, and national key protected wild animals have been considered.  
 
612. Amphibians. There are three groups of amphibians based on their use of habitat namely 
arboreal, terrestrial and aquatic. The arboreal species, such as Rhacophorus leuconystax, 
would have to retreat from the inundation areas, although relatively little woodland would be 
affected so the impact is not expected to be significant. Terrestrial species such as Bufo bufo 
gargarizans Cantor, Microhyla heymonsi and Microhyla ornate, are widely distributed in the 
study area and may be impacted by inundation due to loss of habitat. The aquatic species such 
as Pelophylax nigromaculata, Pelophylax plancyi, Hylarana guentheri and tiger frog are adapted 
to living in shallow water and can adapt to the new conditions.   
 
613. Reptiles. Aquatic reptiles such as Enhydris plumbea and Trionyx sinensis mainly live in 
river channels and ponds, and the proposed scheme would not impact significantly on them. 
Ground reptiles such as Takydromus septentrionalis, Eumeceschinensis, and Sphenomorphus 
indicus and most of the snakes would be displaced during inundation and would have to find 
new habitats to live in.  
 
614. Birds. The birds found in the area can be classified into four groups (a) terrestrial, (b) 
grass and shrublands, (c) arboreal, and (d) birds of prey. Inundation will result in the loss of 
some habitats, especially for birds that nest in grasslands and shrublands. The increased area 
of water may benefit waders and waterfowl.  
 
615. Mammals. The project may result in the loss of habitat for mammals that live 
underground such as the Crocidura attenuate and Rhizomys sumatrensis. The project is 
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unlikely to impact on flying mammals such as bats which roost during the day and feed at night. 
The project may displace some terrestrial mammals such as rodents. 
  
616. National Key Protected Wild Animals. There are a number of protected birds including 
Buteo buteo, Falco tinnunculus, Accipiter soloensis, A. virgatus, Otus bakkamoena, O. scops, 
Short-eared Owl, Glaucidium cuculoides and Grass owl. These birds are able to forage over a 
wide area and the area of inundation is unlikely to affect their ability to feed. The small Indian 
civet Viverricula indica is found in hilly country and on agricultural land. They are believed to be 
rare in the study area and unlikely to be affected by the project. Tiger frogs are found along the 
river and in rice paddy. The project is unlikely to affect them, given the lack of impacts on paddy 
and available habitat in the tributary areas that would be inundated.   
 
617. Unlicensed hunting and fishing is illegal. The main threat to wildlife is considered to be 
the loss of habitat due to inundation.   
 

7.10.2 Prevention/Mitigation Measures 
 
618. The Contractors will be required to undertake certain actions to minimise the impact on 
fauna such as: minimal clearance of habitats, the control of construction noise to avoid causing 
a disturbance, programme land raising activities to avoid the ground hibernation period of 
animals such as the frog Rana rugulosa, providing environmental education to the workforce 
and prohibiting activities such as hunting.   
 

7.11 Air Quality and Micro-Climate 
 

7.11.1 Impacts on Air Quality and Micro-Climate 
 
619. Construction Phase. During construction, air quality may be impacted by (a) elevated 
concentrations of dust due to various construction activities such as stockpiling, earthworks, 
blasting, haulage along dirt roads, aggregate crushing, stone cleaning, concrete mixing, spoil 
disposal, and (b) emissions from plant and vehicles.  
 
620. Construction dust is potentially a significant nuisance and health hazard. Construction 
dust leaves a film of dust on surfaces including crops, around the house plot, on vehicles and on 
washing. Small particulate matter with a diameter of 10µm (defined as PM10) is a potential 
health hazard as it is fine enough to be breathed into the lungs.  
  
621. Emissions from plant and vehicles include carbon monoxide (CO), sulphur dioxide (SO2) 
and nitrogen oxides (NOx). The volumes of emissions tend to be relatively low and occur in the 
open where there is good dispersion. Consequently, the volume of emissions is not usually 
considered sufficient to impact significantly on air quality.    
 
622. The main sensitive receptors for poor air quality are summarised in Table 7.4 below. 
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Table 7.4: Summary of sensitive receptors 
Sensitive 
Receptor Location Scale Note 

Xintangzhan 
Village in Yunji 
Town 

At distance of 0～1600m 
from construction area on 
right bank 

Villages distributed 
dispersedly with c155 
families and 453 people 

Number of people for land 
expropriation and relocation is 
75 

Baohe Village in 
Yunji Town 

At distance of 0～1200m 
from construction area on left 
bank 

Villages distributed 
dispersedly with c139 
families and 509 people 

Number of people for land 
expropriation and relocation is 
58 

Binhe Village in 
Yunji Town 

At distance of 0～800m from 
construction area on left 
bank 

Villages distributed 
dispersedly with c215 
families and 771 people 

Number of people for land 
expropriation and relocation is 
180 

Pengsi Village in 
XiangTown 

At distance of 0～800m from 
construction area on right 
bank 

Villages distributed 
dispersedly with c215 
families and 637 people 

Number of people for land 
expropriation and relocation is 
230 

Yunji Town 
Government 

At distance of 600～1500m 
from construction area on left 
bank 

Villages distributed 
dispersedly with c500 
families and 1800 people 

- 

Yuntang Middle 
School 

At distance of 850m from 
construction area on left 
bank  

Number of teachers and 
students in school totals 
800 

- 

 
623. During construction, the main sources of dust and emissions are: (a) the materials 
storage yard, (b) the main works construction area, and (c) transportation.  The main material 
handled in the storage yard is stone which produces relatively little dust. The yard is located at 
least 200m from housing. Consequently construction activities at the materials yard is not 
expected to create a nuisance for residents. The main works area straddles the river at the 
barrage site. Much of the excavation and blasting will be done in wet materials below ground 
level, which will help to control the generation and dispersion of dust. Dust is likely to be a 
problem at the sites used for aggregate processing, stone crushing and concrete mixing, which 
is located at about 30m from the nearest residents. Emissions and dust from transportation 
depend on numerous factors such as emission rates from individual vehicles, volume of traffic, 
speed of vehicles, and the nature of the road surface.  
 
624. An estimate of maximum dust concentrations was undertaken based on the Guidelines 
for Environmental Impact Assessment Atmospheric Environment (HJ2.2-2008). The estimate 
takes account of climatic conditions, the layout of the construction site, and diffusion rates. The 
maximum concentration of ground surface TSP was estimated to be 0.081 mg/m3 at 300m from 
the sources. 
 
625. The impact of dust generation would be localised, mainly around the aggregate 
processing and concrete mixing site, and temporary.    
 
626. Operation Phase. The main source of air pollution during operation would be the air 
emissions (mostly SO2 and NO2) from the vessels which are queuing up and passing through 
the ship lock. There would also be an increase in shipping after completion of the project as the 
volume of shipping increases. The increase in emissions to the air in the vicinity of the barrage 
would be relatively small. The emissions would also be considerably lower for the shipping 
compared to the movement of the same volume of cargo by lorry.  
 
627. The creation of a reservoir may potentially create a micro-climate with slightly higher 
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humidity levels, but the impact is not considered to be significant.  
 

7.11.1 Prevention/Mitigation Measures 
 
628. During construction, the Contractors will be required to implement Dust and Emissions 
Control Programmes to control the generation and dispersion of dust and vehicle emissions. 
These measures will include actions to maintain plant and equipment, minimise the generation 
of dust at construction sites, implement dust suppression activities including wetting 
construction/road surfaces and providing physical barriers to reduce dust entrainment, and the 
provision of personal protective equipment (ppe) for workers engaged in dusty activities. The 
Contractors will be required to maintain dust concentrations below Level 1 standard of 0.12 
mg/m3.  
 
629. A programme of air quality monitoring would be conducted during construction to monitor 
compliance against the environmental quality standards.  
 
630. The concentration of emissions from inland shipping would improve in the longer term 
due to the incorporation of energy efficiency and pollution control in the design of ships.  
 

7.12 Noise 
 

7.12.1 Impacts on Noise Levels 
 
631. Construction Phase. During construction, ambient noise levels are increased due to a 
variety of noisy activities including: blasting, drilling, excavations and earthworks, haulage and 
other construction traffic. Noise sources may be fixed point, such as drilling and machinery 
noise from work areas, or mobile, such as vehicles.  
 
632. The fixed point sources may be intermittent, such as blasting, or continuous during the 
working day. Typical noise levels for construction activities are: 
 

• Earth rock excavation, aggregate processing and concrete mixing - 80 to 90 
dB(A) 

• Blasting with 5 kg of explosives at a distance of 40 m – 89 dB(A) 
• Drilling, excavating, and filling – 95 dB(A) 
• Aggregate sifting machine – 116 dB(A) 

 
633. The ambient noise levels during routine construction period is estimated to be between 
99 and 102 dB(A). These figures are well above the ambient noise levels monitored under the 
baseline conditions, indicating that noise will be a nuisance for many villagers.   
 
634. Construction noise is a health hazard for workers exposed to high noise levels for 
prolonged periods, and creates a nuisance for people who live and work in the vicinity of the 
construction site and haul roads. Construction workers exposed to average daily exposure level 
of 80dB(A) risk hearing loss without the use of ppe.   
 
635. Mobile construction noise sources can create a nuisance for residents close to access 
and haulage roads. Individual vehicles can generate high sound levels over 90 dB(A), and high 
volume traffic can significantly increase ambient noise levels. The movement of vehicles at night 
also creates a nuisance for residents when ambient noise levels are lower than during the day.    
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636. Construction noise levels were estimated for the construction site, taking account of the 
proposed activities, site layout, topography, noise attenuation, and sound levels for construction 
plant. Estimates for different activities at varying distances from the source of the noise are 
presented in Table 7.5. The noisiest activity is expected to be the blasting, followed by 
aggregate processing. Noise levels attenuate with distance from the site. 
 

Table 7.5: Noise levels (dBA) for different construction activities 
Source intensity Distance from noise sound source (m) 

10 40 70 200 300 450 500 580 680 800 1000
Dam 

Foundation 
Excavation 

Equipment 
Operation 75.0 62.7 57.5 47.1 42.6 37.5 36.1 34.0 31.6 29.0 25.1 

Blasting - 88.8 83.6 73.2 68.7 63.7 62.3 60.2 57.8 55.2 51.2 
Concrete Mixing 85.0 70.7 65.5 55.1 50.6 45.5 44.1 42.0 39.6 37.0 33.1 

Aggregate Processing 88.0 73.7 68.5 58.1 53.6 48.5 47.1 45.0 42.6 40.0 36.1 
 
637. The sensitive receptors for noise are the same as those identified for air quality in Table 
7.4. At Binhe Village and Baohe Village on the left bank, typical construction noise levels during 
the excavation of dam foundations, activities at the materials yard, aggregate processing and 
concrete mixing are calculated to be 62.6 dB(A) during the day and 58.0 dB(A) at night. In 
Pengsi Village, the noise levels are estimated to be 67.8 dB(A) during the day and 63.5 dB(A) at 
night for the same activities. These estimates exceed the noise standards for Class II as set out 
in the Environmental Quality Standard for Noise GB3096-2008 of 60 dB(A) during the day and 
50 dB(A) at night and are above the ambient noise levels measured during the baseline 
conditions, especially for the night time. Consequently, mitigation is required to reduce noise 
levels. 
 
638. While blasting is a noisy activity, it creates an instantaneous noise which dies away 
quickly. The impact on people is limited and short term and can be reduced by informing 
residents and students of the programme for blasting and avoid unsocial hours such as break 
time and rest times for Yuntang Middle School.  
639. Noise levels from construction vehicles were estimated for a worst case scenario. Noise 
levels were estimated to be 82 dB(A).  
 
640. Operation Phase. The main noise sources are the ships passing through the lock and 
the sound of water flowing through the barrage gates. The noise from the ship’s engines is 
taken to be 90 dB(A) at 5m distance from the source. This type of noise is continuous and 
stable. The main land use in 30m of the lock is the complex management area where workers 
would not be affected by noise generated by the ships. Pengsi Village is located sufficiently 
distant from the lock not to be significantly affected by the ship noise.  
 

7.12.2 Prevention/Mitigation Measures 
 
641. During construction, the Contractors will be required to implement Noise Control Plans, 
to include general requirements (compliance with legal controls, control of noise at source, 
construction site controls, timing and programming of noisy activities, and implement a 
community awareness programme) and specific requirements for certain construction activities 
(dam excavation and filling, blasting, sandstone processing and concrete batching, and the 
control of traffic noise). An acoustic screen 5m high will be erected on the left hand bank along 
the access road to screen the village from the construction site.  
 
642. A noise monitoring programme will be conducted during the construction programme, 
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especially during noisy activities and following complaints by villagers.  
 

7.13 Socio-Economic Impacts of Resettlement 
  

7.13.1 Impacts on Affected Persons 
 
643. Construction Phase. A summary of the principal categories of land and property 
acquisition is provided in Tables 7.6 and 7.6 below. Further details are provided in the 
Resettlement Plan. Based on the field survey results, the total expected permanent acquisition 
of land5 is around 8867.7 mu (664.5 ha) and the temporary use of land6 will amount to 196mu 
(13 ha). Around 57% of the land to be acquired is currently farmed and over 81% of this land is 
irrigated. The remaining land is forestland and bush land. Around 139 private households 
(affecting about 512 people) will require relocation. The number of people who will lose some of 
their land over which they now have user rights will be around 2,216 people. Three small 
hydropower plants will be affected with 483 staff to be re-employed. It is currently estimated that 
the total number of persons directly affected will be around 2,699. All house demolition and over 
two thirds of land acquisition will occur in Hengnan County, with 28% and 4% of the land 
acquisition in Changning and Leiyang City respectively. Temporary land to be rented during 
construction will amount to 4738.9mu (315.9 ha).  
 

Table 7.6: Summary of Land Acquisition (mu) By Project Component 

 Town Village Group Total Farmland 
(mu) 

Paddy 
land 
(mu) 

Forest land 
(mu) 

Water 
pond 
(mu) 

Other 

Dam 2 4 6 1028.18 767.84 717 52.95 31.09 139.89 
Transmission 
network 1 2 3 0.5 0.5     

Reservoir 12 81 326 7781.51 4162.29 4071.56 455.67 288 2875.55 

Ports 2 2 3 60.75 60.75     

Total  12  82   331 8867.69 4990.88 4788.56 508.62 319.09 3015.44 

 
Table 7.7: Summary of Land and Property Acquisition by County 

County 
Hengnan Changning Leiyang Total

No. of Townships affected  7 5 2 14 
No. of Villages affected 48 39 7 94 
No. of Village Groups affected 213 124 27 364 
Permanent Land Requirements (Mu) 

Paddy land 2529.8 1292.0 249.8 4071.6 
Dry farmland 887.7 25.9 3.0 916.6 
Total Cultivated Land 3417.5 1317.8 252.8 4988.1 
% paddy land 74.0% 98.0% 98.8% 81.6%
Housing plot 20.0   20.0 
Water pond 126.8 190.4 1.9 319.1 
Timber Forest/Bush land 405.9 89.6 13.1 508.6 
Other /1 2072.2 857.5 85.8 3015.4 
Total land/2 6058.8 2455.4 353.6 8867.7 
% Cultivated land 56.4% 53.7% 71.5% 56.3%

                                           
5 Including the protected farmland which cannot be separated from the project impacts and divided into the affected village/sub-villages at 

present stage. 
6 Only refer to the temporary occupied land for construction of barrage.  The farmland and borrow pits to be temporarily occupied for protection 

works is not included.  
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County 
Hengnan Changning Leiyang Total

Temporary Land Requirement (Mu)    4738.9 
Private Households requiring relocation 139 0 0 139
Floor space (m2) 35,320   35,320 
Establishments requiring relocation     
Floor space (m2)     

Total Floor space      
Infrastructure (km)—single line length      
N B: /1i.e. Grassland and barren land; /2Including: protected farmland 
Source: Feasibility Study. 
 
644. The impact of land and property acquisition will be widely spread with over 94 villages in 
14 townships with 82 villages of land and property loss and 12 losing only property. Among 
villages of land loss, 56 villages will be suffered from farmland loss. 107 of 56 villages will have 
farmland loss more than 10%, and the most seriously affected village is Jinyu village of 
Songjiang Town in Hengnan County.   
 
645. House removal will take place in three villages within two towns of Hengnan County. It 
involves 1 sub-village of Binhe village and 2 sub-villages of Xintang village in Yunji town, and 5 
sub-villages of Pengz village in Xiangyang town. The total area of house demolition will be 
35,320.1 m2, including 30,392.3 m2 of residential house and 4,927.8 m2 of simple house. Of the 
residential house, there are 18,548m2 of brick-concrete structure and 11,844.3 m2 of brick-wood 
structure. 
 
646. Three small hydropower plants will be wholly or partly inundated, namely: 
 

 Lijiang Hydropower Plant: operated since 1976 with an installed capacity of 276 
kw, will be wholly inundated with 9 employed staff affected. 

 Daping Hydropower Plant: operated since 1979 with an installed capacity of 
1,004 kw, will be partly inundated with 27 employed staff affected (excluding 30 
retired and 26 staff out of work). Its annual gross income is CNY1.5million. 

 Qinren Hydropower Plant: operated since 1978 with an installed capacity of 
5,000 kw, will be partly inundated with 381 staff affected. Its annual gross income 
is CNY11million. 

 
647. The scheme will also impact on other infrastructure comprising: 2.055 km of simple road, 
6.06 km of tractor roads, 5.668 km of pedestrian roads, 17 culverts, 13 bridges on simple roads, 
14 bridges on tractors roads, 164 bridges on pedestrian roads, 9 ferries for vehicles, 177 ferries 
for pedestrians, 55 docks for daily life, 60 docks for sand dredging, 16 cargo docks, 28 sand 
quarries with 9 conveyors, 43.57 km-long irrigation channel, 72 wells, 60 m long siphon pipe, 4 
kilns, sunning ground with an area of 228.7 m2, and concrete pre-casting yard with area of 
2742.5 m2. Affected infrastructure comprise power lines, telecommunication lines and cables 
includes: 220v line in length of 0.95 km, 380v line of 21.8 km, 10 kv line of 7.21 km, power cable 
of 8.58 km, and optical cable of 14.13 km. Others are 61 electric pumping stations, 34 
watergates, 94 culverts, 28 culvert pipe, 30 water retaining dam, 411 temporary port, 1 drain 
outlet, and 2 waterworks wells.  
 
648. Apart from the power and telecommunication transmission lines, the restoration of 
infrastructure, most of which is used for agricultural production, will be included in the civil 

                                           
7 The analysis is based on the land loss estimation before farmland protection. After completion of farmland protection 

program, only one village will have 13% of farmland loss in present estimation.  
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works. A condition of these contracts will be that the infrastructure is maintained at all times 
during the construction period and completed before project completion. 
 
649. Relocation of Households. Based on the preliminary design, around 139 private 
households affecting some 512 persons will have to be relocated. These 139 households are 
located in three villages with 3 affected households in Binhe village, 31 in Xintang village, Yunqi 
town, Hengnan County and 105 in Pengzi village, Xiangyang Town, Hengnan County.  
 
650. In seven village groups more than 10 households will be displaced. These are Tanggu 
sub-village (16) and Tangjia sub-village (14) in Xintang village, Jingshen (12), Shani (14), 
Xuetang sub-village (20), Dawu group (27) and Tiebao sub-village (24) in Pengzi village. The 
most seriously affected village is Pengzi village, having 105 households to be relocated, 
accounting for 75.5% of the total households in the village.  
 
651. Households losing land. The current estimate of farmland required is around 2,039 mu 
(246.4 ha). Based on the per capita cultivated land area (0.92 mu per capita) obtained from the 
surveys, the number of affected persons is equivalent to around 2,216.   
 
652. The public consultation indicates that the current “land for land” policy is the preferred 
option for resettlement and economic rehabilitation. i.e. the compensation for loss of land will be 
shared by all farmer households, and the remaining land will be re-distributed among all 
households in the same land loss sub-village, then all farmers in the land owning group will 
share the land loss, thereby all the farmers in the affected sub-villages are indirectly affected, 
but the degree of impact would be minimal.  All villagers, totalling 16,872, in the affected sub-
villages losing land is the total population affected by land loss. 
 
653. Total population affected. The total number of affected persons (APs) is made up of 
those who lose housing, land and employment in affected enterprises. Some of these groups 
overlap, as people who lose their house also lose land. However, the total number of persons 
affected by the project will be in the order of 17,369 (16,872 due to land loss and 995 due to 
building and enterprises affected). The estimated number of APs is equivalent to around one 
fourth of the total population of the villages in the project area. While the overall level of impact 
will not be significant at the village level, it will be significant for some sub-villages. For example, 
after land acquisition, there are 10 sub-villages whose farmland per capita will be less than 
0.5mu and in three of those sub-villages the farmland per capita will be less than 0.5mu before 
land acquisition. 34 sub-villages will suffer more than 15% of farmland loss, of which 14 sub-
villages will suffer more than 30% farmland loss8.  Further details of village-level impacts are 
provided in the Resettlement Plan.  
 
654. Impact on Loss of Income. The loss of income was assessed based on socio-economic 
surveys held in the affected villages. The results indicated that the income losses due to the 
land acquisition would be 8% of the affected households.  In most village groups, the impact of 
income loss is not significant since only 8% of household income is derived from agricultural 
production. This situation can be attributed to the fact that over 80% of the farmer households in 
the surveyed area had income from off-farm activities and on average accounted for nearly two 
thirds of the household incomes. The land loss accounted for around 6.6% of total village land; 
however the income loss at village level is only 0.5%. 

                                           
8 The project impact analysis is based on the land loss estimation before farmland protection. As about 3,300 mu, 

3/4 of total affected farmland to be protected cannot be separated from the affected land in serious affected 
villages/sub-village at present stage.  
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655. The AH will be resettled within their own villages as far as possible. This will reduce the 
social upheavals that come with relocating to new villages and allow the affected persons to 
continue with their social networks, life styles and traditional customs. There may be some 
circumstances where people have to be relocated in other villages, which may cause stress for 
the individuals concerned. It is expected that the affected persons will continue to earn a living 
through farming and livestock.    
 
656. The relocation of villagers in villages and towns will have some impacts on land 
resources and the natural environment, for example through vegetation clearance, thinning of 
woodland for timber, hunting of fauna, and increased risk of soil erosion. It will be necessary to 
bring low-medium quality land into agricultural production to offset the loss of farmland.  
 
657. Social interaction between the construction workforce and local communities. In addition 
to the resettlement issues discussed above, there are potential social conflicts and diseases 
associated with the construction of the barrage. The project will involve the construction of two 
camps for a workforce reaching 1500 in the peak periods in close proximity to several villages. 
The presence of the large workforce could lead to various impacts on the local communities 
through environmental pollution, nuisance and inappropriate behaviour.  
 
658. HIV/AIDs is already a problem in Hunan and the spread of the disease is associated with 
large construction projects. The project presents a medium risk for the spread of HIV/AIDs and 
other sexually transmitted illnesses (STIs). Further studies are required to evaluate the level of 
awareness of STIs and HIV/AIDs among communities in the study area.     
 
659. Other risks to local communities during construction are the potential pollution incidents 
and risks to drinking water supplies, the improper handling of solid waste arising form the 
construction site, nuisances such as dust and noise on residents, and community security due 
to hazards on and near the construction site.   
 
660. Operation Phase. Farming skills. Farmers have expressed concerns over the need to 
change farming practices, for example by converting submerged paddy rice fields to fish ponds 
or lotus-growing areas, which would require additional investment and increased market risk. 
Further studies are required to evaluate the nature of this impact. 
  
661. Ongoing risk on fishing resources. Fishing is conducted in several villages along the 
river and is an important, but declining source of income. The fishing villages are relatively poor 
compared to the farming villages and their livelihoods are at risk due to declining stock and lack 
of alternative means of earning a livelihood.    
 
662. Benefits to affected persons. Following completion of the project, the local communities 
would benefit from (i) improved electricity supply for rural and urban residents, (ii) lower 
irrigation pumping costs and, (iii) reduced transportation costs of vessel operators in the river. 
There will also be secondary benefits from (i) from general economic development in the region, 
(ii) improved river embankment in some sections for flood control and environmental 
improvement, (iii) safety improvements for vessels operating in the river by improved navigation 
lights and floats, (iv) improved standard of living for rural residents along the river by improved 
landing stages, and (iv) job creation by the project during the construction and operation and 
induced by economic development. Furthermore, the APs will receive specific benefits from the 
integrated policy of land compensation from the Land Resource Authority and post-assistance 
policy from water resource authority which together result in  a higher standard of compensation 
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and follow up assistance for twenty years. Also the farmland protection program involving the 
raising of farmland will reduce the impact of flooding and help to sustain the area under 
cultivation.  
 

7.13.2 Prevention/Mitigation Measures 
  

663. To reduce the impact of permanent and temporary land-take in the area of the Tugutang 
barrage, it is necessary to avoid densely populated residential areas, avoid or minimise the 
occupation of high quality farmland, make use of the national and local roads to access 
construction sites, and avoid or minimise the occupation of environmentally sensitive places. 
The Design Institute has taken measures to minimise land acquisition and house demolition, 
both with regards to the location and layout of the dam site and the choice of the flooding line 
(58m). Furthermore, to minimise the impact of inundation at the 58m flood line, it is proposed to 
raise some 3320.61 mu (221.3 ha) of farmland by using soil gathered from nearby donor sites.   
664. The re-allocation of farmland within the villages can be undertaken by the villagers 
themselves. A resettlement layout plan will be prepared, taking account of the wishes of the 
villagers. The plan would be based on existing infrastructure and social service system, siting 
houses in suitable locations to take advantage of road layouts, power and water supply. Special 
infrastructure layouts are not required. Plans are also required for training, monitoring, 
supervision, etc. 
  
665. The Resettlement Plan sets out the entitlements for affected persons. These cover: 
 

• Compensation for permanent land loss comprising a compensation fee for 
loss of land, a resettlement subsidy and compensation for the loss of 
standing crop. 

• Compensation for temporary land loss, including loss of standing crop and 
restoration fee. 

• Compensation for loss / relocation of houses and structures, and relocation 
allowance. 

• Crop losses.  
• Compensation for loss of business / employment. 
• Compensation for public facilities.   

 
666. The livelihood restoration programme has been developed based on the socio-economic 
studies of affected persons, and will cover cash compensation, land redistribution implemented 
with the assistance from local Resettlement Officers, training and employment on project-related 
activities. 
  
667. Special attention will be paid to vulnerable groups, defined as those already 
experiencing hardship (e.g. through sickness, lack of labour, aged, female headed households, 
etc) or those whose loss of land/property could lead to such hardship and risk of 
impoverishment. For this reason support will be given to poverty households and other 
vulnerable households. In order to ensure that resettlement is no more difficult or inconvenient 
for these vulnerable groups as it is for the rest of the AP community, an assistance group in 
each community consisting of township and village leaders has been designated for the 
vulnerable groups in order to air their needs and provide assistance. A separate fund (included 
in training) will be established within the resettlement budget to help vulnerable people to 
restore their livelihoods. Specific measures to be taken by the project are as follows: 
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• Special assistance will be provided by village and township authorities to 
vulnerable households in the reconstruction of their houses. Additional funds will 
be provided by local government, and assistance by the village leaders, or if 
necessary, machines and equipment by the Contractors for house reconstruction. 

• Priority will be given to APs from vulnerable households for the replacement of 
farmland in the same quantity and quality from the reserved farmland (if any), 
and/or farmland redistribution. 

• Priority will be given to vulnerable people to allow them to take part in the training 
programme for livelihood rehabilitation and to help them master the special skills 
for livelihood as much as possible and to reduce poverty. 

• Priority of employment will be given to vulnerable households from jobs created 
during project construction. 

• The local government and village committees will help vulnerable APs obtain the 
micro-credit loans from the Poverty Reduction Office and/or the Women’s 
Federation, providing help and guidance for their business operation, and 
avoiding investment risk as far as possible. 
 

668. The Contractors will each be required to implement a Construction Camp Environmental 
Management Plan which will cover potential nuisances and impacts on the local community and 
environment. This will include measures governing accidental spillages and clean up; a health 
and safety plan; measures to control nuisances including noise and dust; measures concerning 
the design and management of the construction sites including the camps; and environmental 
and H&S training and site rules for their own workforce.  
 
669. A Social Development Action Plan will be implemented to enhance the positive impacts 
and mitigate the negative impacts on vulnerable groups. The main issues cover: 
 

• Resettlement: this will be covered in the Resettlement Plan. 
• Environment: The Environmental Management Plan will cover the impacts on 

heavy metals in sediments, fishery resources, protection of the water treatment 
plant intakes from polluted water, etc. 

• Gender: Target 20 to 30% of the new Operations and Maintenance positions are 
reserved for women; invite the Women’s Federation to inform women of the 
availability of unskilled jobs; put in place procedures to integrate women in 
income restoration activities; and provide gender training to IA/EA staff.  

• Fishing: Incorporate fishery development measures into the project. 
• Prevention of HIV/AIDS: include HIV/AIDs awareness and prevention in training 

for contractors; require the contractors to allow the Provincial Centre for Disease 
Control (PCDC) to provide HIV/AIDS training of trainers to safety officers, provide 
a counselling programme and facilitate arrangements for voluntary testing if 
requested. 

• Labour standards: The PMO must supervise contractors to ensure that wages 
are paid on time and that labour regulations are observed; ensure equal pay for 
equal work; and forbid the employment of children.  

• Capacity building for the poor and women: provide training to the poor and 
women to capture job opportunities in commerce and industry that arise during 
project implementation. 

• Gender mainstreaming initiatives for the EA/IA staff; provide gender awareness 
training to the EA/IA staff.   
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• Construction disturbance: Control the disturbances to local communities resulting 
from construction such as noise, wastewater, solid waste, and damage and 
reparation of local facilities. 
  

7.14  Regional Economic Impacts  
 

7.14.1  Impacts on the Regional Economy 
 
670. Construction Phase. During construction there would be benefits to the local and 
regional economy through the direct demand for construction goods (plant, equipment, raw 
materials, etc) and services associated with construction. There would also be a multiplier effect 
as construction companies demand other goods and services. There may also be some short 
term disbenefits, such as temporary shortage of some building materials and labour.  
 
671. Operation Phase. The upgrading of the inland waterway is expected to bring economic 
benefits to the region directly through the expansion of regional trade and the generation of 
electricity and indirectly for example through the development of industries to process minerals, 
timber, foodstuffs, etc.    
 

7.14.2 Prevention/Mitigation Measures 
  

672. No mitigation measures are required. 
 

7.15 Health and Safety Impacts 
  

7.15.1 Impacts on the Occupation and Community Health 
  

673. Construction Phase. The main health risk during construction are as follows: 
 

• Construction Accidents. A wide range of accidents may occur on site, for example 
traffic-related accidents, falling from height, collapse of trenches, drowning, 
inappropriate handling of equipment and electrical goods, etc.  

• Facilitation of the transmission of diseases. The creation of a construction camp 
for a workforce drawn from outside the area increases the risk of the 
transmissions of contagious diseases among the crews and in local communities, 
including socially transmitted diseases such as HIV/AIDS.  

• Contamination of local water supplies. Potential impacts to local water supplies 
include the possibility of contamination by the water supply and wastewater 
disposal systems associated with the labour camps during the construction 
period.  

• Air quality decline. Working in dusty conditions can cause respiratory problems 
for the workforce who should wear ppe when engaged in particularly dusty 
activities. While dusty condition may cause a nuisance to local communities, it is 
not likely to cause health problems.  

• Noise Pollution. Workers exposed to prolonged periods of loud noises can suffer 
from tinnitus and hearing loss and should wear ppe when engaged in noisy 
activities for prolonged periods. No significant impacts on nearby sensitive 
receptors with health consequences are anticipated. 
 

674. Operation Phase. During the initial filling of the reservoir, the flooding of contaminated 
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sites, such as cesspits and agricultural manures, and the creation of a suitable breeding ground 
for disease vectors such as mosquitoes may increase the risk of water-borne and vector-borne 
diseases.  
 
675. The uncontrolled disposal of wastewaters and solid wastes from ships and the new ports 
and landing stages could create foci of pollution and diseases, and unsightly litter.  
 
676. There are not expected to be any specific health risks for resettled persons. These 
people will be resettled within their own communities, in close proximity to the areas where they 
grew up. There should be no significant expansion of disease vectors or their habitats.   
  

7.15.2 Prevention/Mitigation Measures 
  

677. All the contractors will be required to prepare and implement a Health and Safety Plan, 
which will include provisions for: a health and safety policy; health and safety operating 
procedures; provisions for potable drinking water; sanitation facilities in offices, restaurants and 
accommodation; hygiene in the restaurants; a health service for the workforce including health 
checks; emergency cover; health training; pest control; and a community health plan to advise 
local communities of health and safety issues near construction sites and the risks of 
contracting STIs.  
 
678. The new housing for affected persons must be located in areas away from known 
disease vector breeding sites and be designed and constructed with adequate provision for 
drinking water supply, sanitation and solid waste disposal. New drinking water wells must be 
tested for water quality by the local Environment Department and declared suitable. Pest control 
programmes for rodents and mosquitoes would be carried out in the newly built areas. 
 

7.15.3. Environmental Risk Analysis 
 

7.15.3.1. Flood during the Construction Period 
 
679. There is a risk of large flood during the construction period resulting in scour, damage to 
or overtopping of the cofferdams, and flooding of the construction works. The cofferdams have 
been designed to withstand a flood with a return period of 1:3 years. Larger floods would 
overtop the coffer dams and possibly demolish them, releasing sediments including heavy 
metals into the water column. The impact on water quality would be a rapid increase in total 
suspended sediments and heavy metal content followed by a slow decrease back to 
background levels. 
 
680. Modelling results for heavy metals, using MIKE3, indicate that: 
  

• There are initial high concentrations of Cd, Pb, and As at the construction site; 
• After 1 hour, the pollution plume is extends as far downstream as 9 -10 km and at 

that time the concentration of the heavy metals are at their highest (Cd -4.86mg/l; 
Pb – 9.19mg/l; As11.9mg/l). After 36 hours, Cd, Pb and As concentrations return 
to background levels, which meet the Level II water quality standards for 
throughout entire reach from Tugutang Barrage Site to Hengyang City.  

• Thus for approximately 24 hours concentrations of Cd, Pb, and As greatly exceed 
class II water quality standards at water intakes points.  
Maximum predicted concentrations at water treatment plants intakes are shown 
below. 
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Table 7.8: Maximum Predicted Concentrations At Water Treatment Plants Intakes 

Location  Maximum 
Concentration 

(mg/l) 

Time of Maximum 
Concentration (hours 

from event) 

Return to 
Background 

Concentration 
(mg/l) 

Time of Return  of 
Background 

Concentration (hours 
from event) 

Hengnan County Cd – 4.78 
Pb – 9.01 
As- 11.86 

 

2 
2 
2 

.00384 

.00276 
.007 

27.5 
28.5 
28.5 

Military Base Cd- 4.69 
Pb -8.8 

As- 11.46 

3.5 
4 

3.5 

.00384 

.00272 
.007 

29.5 
30 
30 

 
Chejiang County Cd – 4.64 

Pb – 8. 81 
As- 11.41 

 

4.5 
4 
4 

.00384 

.00273 
.007 

32 
34 
30 

Hengyang City Cd - 4.55 
Pb - 8.58 
As - 11.11 

 

8 
8 
8 

.00384 

.00278 
.007 

35 
36 
36 

Standards for 
Class II Water 
Quality 

Cd  ≤ .005 
Pb  ≤  .01 
As ≤  .05 

 

 Cd  ≤ .005 
Pb  ≤  .01 
As ≤  .05 

 

 
7.15.3.2 Oil or Chemical Spill from Ship Collision at the Lock 
 

681. In the event of an oil or chemical spill resulting from collision between vessels at the 
lock, there is concern for pollution of the downstream water treatment plant intakes. The 
centralized drinking water intakes for the new county of Hengnan downstream the dam site is 
site 4km from the barrage site. An accidental spill will reach the intake 1 hour after the accident. 
The intake of the water works in the southern town of Hengyang City is 33km distant from the 
dam site, and the accidental spill will reach the intake 40 hours after the accident. The Project 
will adopt the emergency measures to reduce spread of the oil downstream. The oil spill 
containment equipment is to be installed in the ship lock. Once the spill occurs, the emergency 
response plan will be activated. Emergency equipment (e.g. oil containment boom and oil 
absorbent will be deployed to contain and clean up the spill, thus reducing potential downstream 
pollution. 
 

7.15.3.3 Ship Accidents in the Channel 
 

682. In the inland navigation channel, navigation accident (e.g. grounding, capsizing, or 
sinking) involving cargo ships are rare. The likelihood on an accident is dependent the state of 
navigation channel, weather conditions, transportation capacity, and capability of the ship 
captain and crew. According to the available records, only one ship accident has taken place. 
The stated reason was that two vessels collide in a sharp bend and channel restriction when 
there was the low visibility due to heavy fog. One vessel was sunk.  The Project will likely 
reduce the likelihood of accidents by improvement of channel depth and width.  Releases of 
hazardous substances, due to a ship accident in the reservoir area, may be easier to contain 
and clean up because of the slow current. In the event of an accident, the environmental risk is 
dependent on the cargo transported. It is estimated that 80% the cargo carried on Xiangjiang 
River is non-metallic ores, cement, sand, gravels, albite, food, and fertilizer.  The current volume 
of more hazardous cargo (e.g. pesticides, toxic chemicals, and heating oil) that is transported is 
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relatively small.  
 

7.15.3.4 Accident Spill at the Dock 
 
683. Built several years ago Chenglingji Harbor has the most complete loading and unloading 
cargo facilities and the biggest handling capacity with the biggest berthing volume recently in 
Hunan province, and the main cargo species of crude oil, fertilizer, cement, and container and 
so on. The recorded information at Chenglingji Harbor does not show any accidental spills and 
releases due ship collisions and other ship accidents. Spills and releases generally took place at 
the dock during loading, unloading, and oil barging. However, on average releases for these 
incidents will be comparatively small. 
  

7.15.3.5 Accidental Releases for Tailings Pond on the 
Riverbank. 

 
684. The Longfeng Lead Zinc Ore tailing pond is located in the left bank of the river about 
20km upstream of the dam site in Songjiang Village in Hengnan County. The tailings pond, with 
a volume of 1.6 million tonnes is about 10m from the riverbank.  The tailing surface elevation is 
higher than the current flood level (see below). There is a risk the tailing ponds containment 
banks will collapse and release lead and zinc into the reservoir. However, the Project will only 
slightly increase the likelihood of this event. 
 
 
                                            
                               
 
 
 
 
 
 
 
 
 
 
685. Of more concern, is the increase in ground water levels due to the creation of the 
reservoir. This may cause leaching of the lead and zinc from the tailings pond into the reservoir.  
 

7.15.3.6 Flood Risk and Dam Failure 
 

686. The structure type of the water retaining dam is of C15 concrete gravity dam with dam 
crest elevation of 70.5 m, width of dam crest of 3m, the maximum height of the dam of 30.2 m. 
The upstream face of the dam body is vertical and toe slab is set on the dam heel with the dam 
slope downstream of 1:0.7. The dam crest is also the transportation road from the gantry crane 
platform at the left bank to the cleaning platform of the trash racks. The foundation of the dam is 
the highly-weathered granite.  
 
687. The floods in Xiangjiang River Basin, driven by rainstorms, usually occur from April to 
August. Flood levels in excess of the designed dam and reservoir capacity are a threat to the 
reservoir, the dam, the reservoir embankment, ship lock, and the power house. The dam is 
designed as the standard of 50 years flood event and checked in accordance with 500 year 

Tailings 

Flood Line 
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flood event. These flood events are used in the design of the barrage crest level. Based on the 
hydrological observation data and the investigation of the historical floods, the flood protection 
standard of the dam in reservoir of this project satisfies national regulations.  
  
688. In terms of severe floods (return period greater than 20 years), the flood sluices in the 
barrage will have a minimal effect on flood risk to areas beyond flood embankments. This is 
because the sluice gates will be fully opened to re-establish pre-barrage river flood conditions 
over the length of the reservoir. Water level increases of up to about 0.25 m will be generated 
immediately upstream of the sluices but this effect will only influence the river section extending 
a short distance upstream from the barrage. 
 
689. Risk Probability of Dam Failure.  According to the statistics of dam and reservoir data 
in the PRC and aboard, the international dam failure probability is 2.3% and the domestic dam 
failure probability is 3.8%. Most of failed dams were the earth-rock fill dams. For example, the 
domestic earth-rock fill dam failure accounts for 95% of the total domestic dam failure, mainly in 
the medium and small reservoirs.  Among the dam failures, the medium reservoirs account for 
76.5% and the small reservoirs accounts for about 20% and the large size of reservoir only 
accounts for 0.6%. The Project is considered to be large size reservoir with concrete dam with 
sluice gates. Therefore probability of dam failure is very small. This dam and reservoir will be 
built in accordance with the Administration Regulations for Dam and Reservoir Safety No. 77 
(1991) issued under the State Council. By strictly following the codes for preparation of the 
survey and design, reinforcing the administration of the project quality and techniques of the 
reservoir and abiding by the safe operation rules, the dam and reservoir safety will be assured.  
 

7.15.3.7 Failure of Flood Embankments 
 

690. There are existing flood protection embankments located on either side of the river 
which provide a 1 in 20-year level of flood protection. Flood embankments also extend up the 
banks of the major tributary, the Chonglingshui, at generally reduced standards of protection, 
where there are a number of settlements. The formation of the dam structure will have two main 
impacts in relation to these embankments and the level of flood protection. By raising the 
normal river level to elevation +58 masl, the incidence of flooding at low return periods is likely 
to increase due to the backwater effect. Hence, improvements will be required on either side of 
the tributaries. Secondly, the changing the river regime will tend to saturate the clay 
embankments either side of the main river and this is likely to lead to seepages and slope 
stability problems in some areas. The flood embankments are generally not of homogeneous 
construction and have been subjected to many heightening and widening works over their 
history such that they are of various materials and degrees of compaction. The Project includes 
proposed improvements for many flood embankments sections and land filling to deal with the 
waterlogged areas that will arise from the impoundment.  
 

7.15.3.8 Accidental Explosion of Construction Explosives 
 

691. It is estimate that 170 tonnes of explosives will be needed for construction of the 
hydropower station. The storehouses will be located in unpopulated areas both banks 
approximately 500 m from the River to ensure safety, reliability and ease of transportation and 
management. There are no facilities adjacent to the proposed storehouse locations and they are 
located away from the main construction operation area. In the event of an explosion, the main 
concern will be fire and the potential release of toxic chemical into the air and water.  In the case 
of a serious fire, vegetation around the storehouse location will be destroyed. However based 
on experience with other hydropower projects, probability of an explosion is very small. In the 
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event of an explosion, the potential for contamination of the River is small because of the 
distance of the storehouse from the River. 
 

7.15.4 Risk Prevention Measures. 
 

7.15.4.1 Reducing Risks to Downstream Water Quality 
 
692. Impact on Water Treatment Plants. There is a major concern for decreased water 
quality impacting on downstream water treatment plants. During construction the greatest risk is 
the potential for large flood resulting in scour, damage to or overtopping of the cofferdams, and 
flooding of the construction works. The cofferdams have been designed to withstand a flood with 
a return period of 1:3 years. Larger floods would overtop the coffer dams and possibly demolish 
them, releasing sediments including heavy metals into the water column. During operation, 
when a sluice gate is first opened to release floodwater, the strong currents will disturb 
sediments that have accumulated over the dry season. The flood waters will carry the sediment, 
contaminated with heavy metals, downstream, which will likely lead to high concentrations of 
heavy metals in the receiving waters for water treatment plants. The environmental 
management plan provides for new equipment to be installed at up to eight water treatment 
plants to prevent contamination of drinking water supplies.  The frequency of water quality 
monitoring is to be increased during the flood season ,focusing on the monitoring of the heavy 
metals of Cd, Pb, and As, as well as, COD and ammonia nitrogen, at least 6 times each day. 
 

7.15.4.2 Responding to Accident Spills 
  

693. There is potential for accident spills of oil, chemicals, and other hazardous materials at 
the barrage ship lock, Yunji port, and Songbai port. Emergency response plans will be 
developed at each of these facilities, with necessary spill containment and clean-up equipment 
provide and training undertaken.  Accidental spills in the reservoir and navigation channel are 
the responsibility of the Hunan Maritime Administration Bureau. However, coordination will be 
undertaken to assist Hunan Maritime Administration Bureau as necessary, for the barrage acts a 
barrier downstream movement of spills during the dry season conditions. 
  

7.15.4.3 Reducing Risk of Dam Failure  
 
694. Maintenance of Sluice Gates. Routine maintenance will be undertaken to ensure that 
all sluice gates are operating as designed. Back power systems will be routinely tested to 
ensure that they are functional.  Care will be taken to prevent the start-stop accident of the 
sluice gates during rainstorms and floods period. 
 
695. Strengthen Flood forecasting. The relationship with the local meteorological 
department will be strengthened to get more timely and reliable information for flood forecasts. 
An information sharing mechanism will be set up with the Jinweizhou Complex for the automatic 
survey and forecast system for the water conditions to provide the basic data and information 
for the floods forecast and decision on floods protection and dispatching.. 
 
696. Safety Appraisal for Dam and Reservoir.  According to the regulations of the Safe 
Appraisal Methods on the Dam and Reservoir, the first safety appraisal should be conducted 
within 2 to 5 years after reservoir filling. Every 6 to 10 years thereafter, one safety appraisal 
should be conducted. A special safety appraisal should be conducted whenever the project 
operation meets with the special floods, the strong earthquakes, the severe accident or the 
unusual phenomena that may affect safety. The safety appraisal includes: flood standard check, 
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anti-seismic check, quality analysis assessment, structure and seepage stability analysis, 
operation condition analysis and comprehensive safety analysis.  
 

7.15.4.4 Flood Embankments Improvements. 
  
697. The embankment slopes are subject to bank erosion, especially during high flows due to 
scouring or prolonged immersion by floodwaters. Nineteen sites suffering from slope collapse 
have been identified, extending over 47.2 km in total (see Appendix VII for their locations). The 
situation is likely to worsen with the Project due to the raising of the water levels, wave erosion, 
and bank and bed erosion. It is proposed to carry out repair works to 40.3 km of the identified 
sections. The remaining 6.9 km of embankment will be monitored after inundation and 
emergency repairs undertaken as necessary.    
 

7.15.4.5  Safe Handling of Explosives and Dangerous Goods 
. 

698. Storehouse for Explosives. The siting of the explosives storehouse locations must 
strictly abide by the requirements of safety protection distance, as will be finalized in 
consultation with the local public security officers and local administrative sector officers. It is will 
be sited at safe distance from the construction camp. Loading and dispatching should strictly 
abide by the Safety Administration Rules about Dangerous Chemical Articles. Flammable 
materials will be strictly controlled and the fire control equipment will be installed. The explosive 
storehouse, itself, will meet fire protection design specifications. Training is to be provided to 
staff in the safe handling of explosives, implementation of the safety precautions, operation and 
maintenance fire protection equipment, and evacuation in the event of explosion and fire. 
 
699. Dangerous Goods. The control of dangerous good transportation is under the 
regulation of the Hunan Maritime Administration Bureau. The institutional component of the 
Project has proposed measures to strengthen the regulation of dangerous goods. For example, 
the installation of transponders and related the possibility of tracing vessels, increasing of the 
number of patrol and emergency response vessels, and the upgrading of the vessel fleet 
towards safer and cleaner vessels will support control of dangerous goods transportation. There 
are plans for development of full River Information system, which will track the movement of 
dangerous goods.  It should be noted that under the River Information System Master Plan for 
the Yangtze River is implementing a pilot project on dangerous cargo, which may guide future 
development in Hunan province.  
 

7.15.5  Emergency Plan  
 
700. An emergency plan is to be prepared to respond to accidents include fire, explosion, and 
spills and other releases of harmful pollutants into the River (see contents below).  
 

Table 7.9: Emergency Plan 
 Item Contents/Objectives 

1 Emergency plan area Downstream Drinking water resources protection area, Tugutang 
Barrage, Yunji port, Songbai port 

2 
Emergency organizational 
mechanism, Personnel 

Environmental Personnel of Tugutang Navigation and Hydropower 
Complex 
Hengyang City Environmental Protection Bureau  

3 Emergency Rescue Protection Emergency installations, equipment and facilities, etc. 

4 
Alarm, Communication and 
collection styles  

The style of alarm and communication and notification, communication 
protection and regulation in the emergency conditions are to be 
regulated.  



187 

 Item Contents/Objectives 

5 

Measures on emergency 
environmental monitoring, rescue 
and control  
 

To investigate and monitor the accident site by the professional staff. 
To evaluate the accidental property, parameter and outcome, affording 
the basis for decision-making to the command sector.       

6 

Measures on emergency 
detection and protection and 
prevention, release elimination 
measure and release facilities 
elimination 

To control and eliminate the pollution and the corresponding 
equipment at the emergency site, the adjacent area and the fire proof 
and control area 

7 
Evacuation of the personnel, 
emergency doses control, 
withdrawal organization plan  

Control exposure to toxic chemicals of the personnel and the public in 
the area of emergency site and the accident affected.  Evacuation plan 
and rescue, Medical rescue and the public health  

8 
Emergency closing program and 
recovering measures 

To regulate the emergency condition terminal program, the sequential 
treatment and recovering measure at the accidental site, elimination of 
the accident warning and recovering measure in the adjacent area 

9 Emergency training and readiness 
plan 

To organize the personnel for training and periodic readiness drills 
after the emergency plan is formulated. 

10 Public education and information To develop the public education and training, release the related 
information in the adjacent area of the reservoir  

 
7.16 Solid Waste 

 
7.16.1 Impacts of Solid Waste 

 
701. Construction Phase. Solid waste will arise from the disposal of excess spoil (from 
dredging and excavations), excess construction material (concrete, metal, etc), chemicals and 
containers used in construction, oils and polluted soils from accidental spillages, and domestic 
and office solid waste such as paper, card, food, light bulbs, cleaning containers, etc. 
Inappropriate disposal of solid waste can result in: 
 

• Degradation of the aesthetic quality of the environment; 
• Decreasing the land use potential; 
• Formation of toxic by-products as a result of decay of organic matter in the 

reservoir; 
• Potential risk of injury for human beings and wildlife; and. 
• Organic waste could assist breeding of disease vectors. 

 
702. Operation Phase. Small volumes of domestic and commercial solid waste will arise 
from the offices servicing the ship lock and hydropower stations. There could also be solid 
waste arising at the ports due to waste offloaded from ships, containers, packaging, spillages, 
etc.  

7.16.2  Mitigation Measures 
 
703. Construction Phase. The civil works contract documents will contain provisions requiring: 
 

• Construction of temporary points for collection of waste and garbage; 
• Prescribed locations for the disposal of inert materials in the two spoil 

disposal sites;  
• Reinstatement of the spoil sites and all temporary construction sites after 

completion of the works; and 
• Construction of sanitation facilities for construction employees and reuse of 

solid waste on land restoration. 
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704. Operational phase. Solid domestic and commercial waste from the ship and hydropower 
complex will be disposed of to the municipal tip.  
 

7.17 Construction Camp Impacts and Management 
 
705. Potential effects of construction camps are competition for local sources of water, 
sewerage facilities, energy systems; solid and liquid waste generation, poaching and illegal 
trade, spilling of lubricants, hazardous materials, etc. Before the construction activities will 
commence the Contractors will each prepare and submit a Construction Camp Environmental 
Management Plan  that will propose preventive/mitigation measures for environmental impacts 
of the construction camp, construction yard including fuel storage, filling station and vehicle 
washing sites. 
 

7.18 Physical Cultural Resources 
 
706. Impacts. During the EIA, nine sites of possible cultural heritage interest were found 
along the Xiangjiang, but which are not of sufficient importance to be graded. It is possible that 
new archaeological finds are made during construction, especially during the excavations for the 
Tugutang barrage and ports. 
 
707. Mitigation. Prior to construction, the nine sites will be thoroughly excavated and 
assessed. The Contractors will prepare Cultural Heritage Management Plans to manage any 
new finds or sites that may be encountered during construction. If an historical, cultural, or 
archaeological relic is encountered, all construction activities will halt and the established action 
plan will be implemented. Work will recommence only after appropriate measures have been 
taken as requested by the appropriate authorities and confirmation is received that work may 
resume. 
 

7.19 Cumulative and Induced Impacts 
 
708. The Tugutang barrage is the fourth (moving upstream from Yangtze River) in a cascade 
of nine barrages on the Xiangjiang River. Four complexes, upstream of the Tugutang site, have 
already been constructed or are under construction, with a fifth planned. Previous studies have 
found that the cascade has led to both beneficial and adverse impacts.   
  

7.19.1 Beneficial Impacts 
 

709. The main benefits of the cascade to date have been: 
 

• To raise the navigation standards in the Xiangjiang River as far upstream as 
Hengyang City to Class III. In so doing increase freight traffic, promote trade and 
promote economic development. 

• To generate clean electricity to support the local grid, particularly during the dry 
season.  

• To provide an environmentally friendly alternative to the movement of bulk freight 
by highway and rail, and in so doing, reduce CO2 emissions.  

• To improve the security of water supply for drinking water and irrigation.   
• To provide additional sources of employment during construction and operation. 
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• To provide some scope for flood attenuation through integrated management of 
the cascade. 

• To improve water quality, particularly during the dry season, by reducing 
suspended sediment loads and maintaining the dilution capacity of the 
reservoirs.  

 
7.19.2. Adverse Impacts  

 
7.19.2.1 Cumulative Impacts to Date 
 

710. Cumulative adverse impacts have been addressed in the recent EIA Report on the 
Proposal for a Highgrade Waterway in Xiangjiang River, which includes a retrospective 
assessment of impacts in the Xiangjiang River Basin, and a forward looking assessment of the 
four navigation hydro complexes (Tugutang, Dayuandu, Zhuzhou, and Changhsha). The most 
significant cumulative impacts to date are: (i) severe heavy metal contamination of soil, 
sediment, and water in the Xiangjiang River Basin due to mining and industrial pollution; and 
(ii) a marked decline in migratory fish, including the four Chinese carp, which a food fish, due 
the construction of the existing barrages. 
 
711. Soil, Sediment, and Water Contamination. The existing environment in the project 
area is characterized by severe heavy metals contamination in soils surrounding the reservoir 
and in the river sediments due mining operations and industrial emissions and effluents. The 
surface water quality varies from Class III upstream around Qi Shan, Class IV in the Songbai 
area, and Class III downstream around Xintangpu. The main pollutants are ammoniacal 
nitrogen and fecal coliforms, indicating the impact of domestic wastewater discharges. Abnormal 
heavy metal concentrations are also found in the Xiangjiang River at some locations at certain 
times of year, particular during the first few days of annual floods in the April to June period.  
The construction of the barrages has led to the shifting of pollution hot spots downstream 
associated with the transport of heavy metals in the river bed sediments. However, overall there 
has been no change in the magnitude of the pollution of the river bed sediments. 
 
712. Cumulative Impacts on Fisheries Resources. The construction of existing barrages 
downstream of Tugatang has already led to significant environmental adverse impacts.  There 
has been a marked decline in semi-migratory and migratory fish in the Xiangjiang River, 
including the Four Major Chinese Carp and rare and endangered species such as the Chinese 
sturgeon and the mullet. The barrage system is also impacting on the ecology of the Dongting 
Lake due to the barrier effect of the dams on the migratory fish that overwinter in the lake and 
spawn in the upstream waters. Reductions in sedimentation may be resulting in the loss of the 
natural capacity of the river to recuperate its profile and habitat types following sand dredging. 
 

7.19.2.2 Measures to Address Cumulative Impacts 
 

713. Special Plan for Heavy Metal Pollution Control in the Xiangjiang River Basin (2010-
2015). Past Hunan Provincial Government efforts to control pollution concentrate on reduces 
discharges of domestic water and sewage disposal. However, the focus is now on reducing 
heavy metal pollution. The Special Plan for Heavy Metal Pollution Control in the Xiangjiang 
River Basin (2011-2015) has been prepared by the Hunan Development and Reform 
Commission and Hunan Environmental Protection Bureau. The plan identifies the overall 
objectives and indexes for heavy metal pollution control in the Xiangjiang River basin, and 
identifies the main activities for heavy metal treatment. According to preliminary estimates, there 
are some 441 planned projects, requiring a total investment of RMB 53 billion. Of these, 180 
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projects are located in Hengyang Municipality, accounting for 40.8% of the projects for the 
whole province, with a total investment of RMB 16 billion or 29.7% of the total investment 
proposed. 
 
714. Fish Passes for Existing Barrages. The Hunan Provincial Government has given 
assurance that fish passes and fish enhancement measures will implemented at each of the 
four downstream navigation hydropower complexes. Measures include: 
 

• Fish pass and enhancement measures as part of the environmental 
management plan for  proposed Tugutang complex; 

• Fish pass and enhancement measures as part of the Changsha complex (now 
under construction; 

• Fish pass to be retrofitted to the existing Zhuzhou complex; and 
• Fish pass to be retrofitted to the existing Dayuandu complex. 
 

715. Once implemented and proven to be effective, the fish passes and enhancement 
measures will restore the migratory fish populations in middle and lower reaches of the 
Xiangjiang River.  
 

7.19.3 Incremental Project Impacts  
 

7.19.3.1 Incremental Impacts on Fish 
 

716. The barrage will create an additional barrier to the movement of migratory and semi-
migratory fish and to the downstream dispersion of floating spawn, which may adversely affect 
the population and range of these fish upstream and downstream. These impacts will be 
mitigated by the proposed fish pass and enhancement measures as part of the environmental 
management plan for the proposed Tugutang complex. There are four main spawning grounds 
on the Xiangjiang River and one on the Chonglingshui tributary that will be inundated. Impacts 
on spawning habitats will greatest where the increase in water levels is the greatest. Spawning 
areas at the upper end of the reservoir will be least impacted with impacts increasing 
downstream. The loss of these habitats will be mitigated by fish enhancement measures 
including hatcheries, artificial spawning channels, and fish fry rearing and release facilities. 
 

7.19.3.2 Resuspension of Heavy Metals in River Sediments 
 

717. The Project itself will not change the level of pollution of the heavy metals in the 
sediments. However, during the operation, there will be changes in the pattern of sedimentation 
in the upstream areas and scour through the barrage section. Based on experience from the 
previous barrages, it is likely that the pollution hot spots of river bed sediments in the area of the 
barrage may move downstream through the Tugutang barrage due to scour.  During 
construction, aggregate will be obtained from the river for the concrete and several sections of 
the river need to be dredged. The Contractors will undertake measures to minimize the re-
suspension of sediments in the Tugutang reach and dredging sections.  
 
718. There is a major concern for decreased water quality impacting on downstream water 
treatment plants. During construction, there is risk that coffer dams will be destroyed during 
floods causing high concentrations of contaminated sediments downstream. Similarly during 
operation, when a sluice gate is opened to release floodwater, the strong current will disturb 
sediments that have accumulated over the dry season. The flood waters will carry the sediment, 
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contaminated with heavy metals, downstream leading to high concentrations of heavy metals in 
the receiving waters for water treatment plants. The Project environmental management plan 
provides for new equipment to be installed at up to eight water treatment plants to prevent 
contamination of drinking water supplies.  
 

7.20 Impacts on Biodiversity   
  
719. Terrestrial Habitats. There is very little natural terrestrial habitat surrounding the 
Xiangjiang River owing  long history of human use of the area, the full utilization of existing land, 
and limited efforts for environment conservation.  The project will permanently alienate 845ha of 
land (Table 4.2) which may be considered as modified habitat in biodiversity terms. Much of this 
land is rice paddy. Of the 556 ha rice paddy alienated, 284 ha is in the inundation zone and will 
be compensated for under the land acquisition and resettlement plan; 221 ha will be restored to 
crop land; with the balance of lands to be compensated for as part of the land take for dam site 
and roads. The shrubland-grasslands and evergreen deciduous broad-leaved forest are mostly 
modified habitats. Approximately 181ha of shrubland-grassland and 37 ha of woodland will be 
lost, mostly in the inundation area and for resettlement (see table 4.2). These lands will be 
compensated for under the land acquisition and resettlement plan. A further 177 ha is required 
for temporary construction sites including temporary roads, borrow areas, stockpiles and 
disposal sites (Table 4.3). Approximately 83ha of grassland and 65 ha of woodland will be 
temporarily disbursed. These lands will be restored and revegetated. There is no critical 
terrestrial habitat at risk due to the Project. 

 
720. Critical Spawning Habitat. Of major concern is the loss of critical spawning habitat for 
the four major Chinese carp. There are four main spawning grounds on the Xiangjiang River 
and one on the Chonglingshui tributary that will be inundated. Impacts on spawning habitats will 
be greatest where the increases in water levels are the greatest. Spawning areas at the upper 
end of the reservoir will be least impacted with impacts increasing downstream. The loss of 
these habitats will be mitigated by fish enhancement measures including hatcheries, artificial 
spawning channels, and fish fry rearing and release facilities. 

 
721. East Dongting Lake. Xiangjiang River is one of four major tributaries flowing into 
Dongting Lake. East Dongting Lake is national nature reserve and a Ramsar site. East Dongting 
Lake is approximately than 300 km downstream of the Tugutang site. Because of long distance 
from Tugutang to East Dongting Lake and the three intervening downstream barrages at 
Dayaundu, Zhuzhou, and Changsha, the project is not expected to have measurable impacts on 
the water quantity or water quality of Dongting Lake. The four major Chinese carp and other 
migratory fish live in Dongting Lake, but migrate up the Xiangjiang during the flood season 
between April and June to spawn and then return to Dongting Lake. The barrage will create an 
additional barrier to the movement of migratory and semi-migratory fish and to the downstream 
dispersion of floating spawn, which may adversely affect the population and range of these fish 
upstream and downstream. However, the indirect impacts of Tugutang on the fish ecology of 
East Dongting Lake, if any, are highly uncertain.  

 
7.21 Climate Change Impacts 

 
722. The navigation purpose of the barrage is to provide minimum dry season water depth to 
ensure navigation by 1000 dwt vessels. Under natural conditions, the natural dry season water 
depth varies along the length of the river. There are critical shallow lengths where the water 
level needs to be increased or where local dredging needs to be carried out. However, it is not 
considered possible to provide the required dry season water depth through dredging alone as 
the dry season flows are too low. Silt deposition, topography and geology result in significant 
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lengths of the river having inadequate natural dry season water depth. From a climate change 
perspective the barrage will be an effective adaptation measure to deal with periods of low flow. 
Once completed the barrage will operated at 58 masl to ensure the necessary minimum depth 
for upstream navigation. 

  
723. Greenhouse Gas Emissions. The project EIA does not attempt GHG gases emissions 
during construction and operation. During construction, the GHG emissions will come from the 
vehicles and construction machinery. During operation GHG from the facilities will be 
insignificant. GHG emissions will increase as the waterway traffic increases. However, it is 
expected that will be more than offset by the shift to intermodal shift to inland waterways 
transport. The economic analysis for the Project estimates that there will be a 37,000 
tCO2e/year average reduction over a 30-year period.  

  
724. The hydropower generation with contribute directly to climate change mitigation.  
Hydropower will substitute for coal fired power production. Using the methodology given by 
CDM rules, the estimated CO2 emission reduction is approximately 270,000 tCO2e/year. The 
reliability and preciseness of the methodology is based on using actual operational data of all 
power plants (fuelled by all types of fuels) connected to Central China Power Grid (CCPG), 
which covers Hunan Province and some neighbouring provinces. In doing so, 3-year historical 
data on fuel types (i.e. different carbon content, different net caloric value) fuel consumption and 
power generation of provincial power grids under CCPG and power transmission amongst 
different regional power grids are all taken account of in the calculation of Operating Margin 
(OM) and Build Margin (BM) CO2 emission factors. 

 
7.22 Transmission Line Impacts 

 
725. The proposed double circuit 110kV transmission line will connect the hydropower station 
to the Yunji substation. The proposed corridor is 3.1km in length. The assessment of the 
environmental impacts (see Appendix 8), identified the main environmental issues associated 
with the transmission line relate to electromagnetic fields, noise, and impacts on ecology. 
Baseline studies indicate that there the levels of electromagnetic fields and radio interference at 
key monitoring locations are within standards set out in relevant technical regulations. Noise 
levels at key monitoring locations are within standards. The topography is gently sloping hills 
and flat land in paddy fields. The habitat in the transmission corridor is modified habitat from 
years of human use. Wild shrub weeds and a small amount of evergreen trees and broadleaf 
deciduous trees are present. There are no protected areas in or near the transmission line 
corridor. No physical cultural resources are present. 

 
726. During construction, there will be minor impacts from dust, emissions from equipment, 
noise, sewage, and domestic waste. These impacts will be addressed through proper 
environmental management practices. There will loss of vegetation and potential for soil erosion 
associated with excavations for tower foundations. However, the amount of excavation is 
relative small and measures for controlling erosion will used at tower foundations. Vegetation 
disturbed at temporary access points and by equipment use during installation of the towers and 
the transmission line will be restored. During operation, the main concern is to ensure that levels 
of electromagnetic fields and radio interference to do not exceed recommended national 
standards. This will be done by designing the transmission line in accordance with standards set 
out in Technical Regulations on Environmental Impact Assessment of Electromagnetic 
Radiation Produced by 500 KV Ultrahigh Voltage Transmission and Transfer Power Engineering 
(HJ/T 24-1998). Similarly, the design will be in accordance with standards set out in the Limits of 
Radio Interference from AC High Voltage Overhead Power Transmission Lines (GB15707-
1995). These and other proposed environmental management measures are detailed in 
Appendix 8. 
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8. PUBLIC CONSULTATION AND DISCLOSURE 
 

8.1 Public Participation Process  
 

727. The EIA public participation process has followed the requirements of the relevant laws 
and regulations, such as the Law of the People’s Republic of China on Environmental Impact 
Assessment and the Interim Measures on Public Participation in Environmental Impact 
Assessment and is described as follows. 
 
728. A first round of consultation took place from 10–15 March 2010, carried out by the EIA 
staff of Hunan Hydro & Power Design Institute. This involved a Public Forum, a questionnaire 
survey and visits to relevant government departments in the region affected by the project to 
listen to the views of the relevant departments and individuals about the construction of the 
project. At the same time, EIA information was published on the Internet (Official Web of the 
Party and the Government Administration of Hengnan County). Further consultation was 
undertaken between 4 and 18 August, 2010, with local government and people to inform them 
about the project and listen to their comments.   
 
729. A second release of EIA information was made on the Internet (Official Web of the Party 
and the Government Administration of Hengnan County, Network of the Resettlement and 
Development Agency of Changning City), which included a simplified version of the EIA report, 
to continue to seek the public’s views. In addition, a public survey was conducted in the villages 
and farms in the reservoir area affected by the project to engage people without easy access to 
the Internet and to make sure they had access to environmental information about the project.  
Public notices were put up to conduct the questionnaire surveys, mainly targeted at individuals 
in order to seek the views of the wider population about the project. 
 
730. Details of the consultations undertaken are documented in the HydroChina Zhongnan 
Engineering Corporation EIA Report dated August 2010. 
 

8.2 Results of the First Round of Consultation 
 
8.2.1 EIA Hearing Forum 
 

731. A hearing forum on the EIA of the project was held on August 4, 2010 at the Government 
conference centre of Hengnan County. The forum was chaired by Yan Huaheng, Deputy 
Secretary of Hengyang City. The relevant people from the development organization (XNCD), 
design organizations (Hunan Provincial Communications Planning, Survey & Design Institute 
and Hunan Hydro & Power Design Institute) and Asian Development Bank took part in the 
forum. The forum was attended by local government representatives from Hengyang City, 
Hengnan County and Changning City, relevant government departments and members of the 
public, a total of over 80 people attended. The hearing forum is illustrated in Photograph 8.1. 
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Photograph 8.1: Views of the EIA Hearing Forum 

 
732. Presentations were made to the forum by the project team giving details on the water, 
ecological and reservoir protection measures. Following this, 17 forum representatives gave 
their comments and suggestions on the environmental problems and environmental protection 
measures associated with the project. Representatives were also asked to complete the Public 
Survey Questionnaire of Environmental Impact Assessment of Tugutang Navigation & 
Hydropower Complex on the Xiangjiang River. The main comments and suggestions received 
covered the following aspects. 
 
733. Most of the hearing representatives supported the project, seeing it as a government 
project with significant social and economic benefits, benefiting the people, and wanted the 
project construction finished as soon as possible. It is expected that the resettlement work and 
environment protection work will be done in accordance with national policies. In particular, that 
the government will strictly enforce the water pollution prevention planning requirements in the 
drainage area of the Xiangjiang River to improve treatment of pollution sources in the reservoir 
area and ensure the softness and clarity of the reservoir water. 
 
734. Environmentally sensitive technologies for construction and dredging will be adopted to 
avoid stirring the sediment, which would cause the heavy metal content in the downstream 
waters to exceed the standard. In the mean time, water quality monitoring has been 
strengthened at the downstream water intake to ensure the safety of drinking water to the public 
supply. 
 
735. During construction, vegetation protection and ecological restoration will be 
strengthened to avoid geological hazards, such as landslides, bank slump and debris flows. The 
method of enhancement and releasing fish fry will be adopted to supplement the fish resources 
of the Xiangjiang River.  Compensation for affected fishermen will be provided. 
 
736. Determining the standard of reservoir inundation should be strictly in accordance with 
the Decree of the State Council of the People's Republic of China and the Document [No.9, 
2010] of Hunan People’s Government, national laws and regulations, and industry standards. 
Resettlement must be carried out according to standard procedures. Any adverse impacts 
caused by the construction of the project on the reservoir should be minimized as far as 
possible. 
 
737. The EIA staff of the Hunan Hydro & Power Design Institute answered the queries from 
the public. The employers made face-to-face commitments that communications would be 
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strengthened during the process of project design. According to the requirements of the 
approved EIA report and environmental protection measures, the adverse environmental 
impacts would be minimized as far as possible. According to the Regulations on Land 
Requisition Compensation and Resettlement for Construction of Large and Medium-sized Water 
Conservancy and Hydropower Projects of the Decree of the State Council of the People's 
Republic of China [No. 471], the land requisition compensation and resettlement have been 
steadily promoted and implemented. 
 

8.2.2 Group Investigation 
 

738. The survey of groups using the Project Survey Questionnaire on Public Participation 
(Social Groups) was completed by 35 organizations and groups in the relevant government 
departments involved in the project. Specifically these included: the People’s Government of 
Changning City; the People’s Government of Hengnan County; the Environmental Protection 
Bureau, Water Conservancy Bureau, Agricultural Bureau, Forestry Bureau, Land and Resources 
Bureau, Construction Bureau and Animal Husbandry and Aquatic Products Bureau of 
Changning City and Hengnan County; the Youth League Committee, People's Congress, 
Political Consultative Conference, Women's Federation and Water Supply Corporation of the 
County; and the People’s Government of Yunji Town; the People’s Government of Xiangyang 
Town; the People’s Government of Songbai Town; and the People’s Government of Baifang 
Town. The questionnaire posed 9 questions seeking opinions about social and environmental 
quality (copies are provided in the HydroChina Zhongnan Engineering Corporation EIA August 
2010). The views of major groups are summarized as follows. 
 
739. The workers of the Qinren Turbine-pump Hydropower Station said that it was necessary 
to resolve problems such as compensation and resettlement associated with closure of the 
station. 
 
740. Hengnan County Environmental Protection Bureau hopes to effectively implement the 
national environment protection policies during construction of the current works, to strengthen 
environmental protection focusing on water pollution, and put great effort into improving the 
surrounding environment. 
 
741. Binghe Village, Baohe Village and Pengci Village felt that a large population of resettled 
people would have no paddy fields or mountain after land acquisition, therefore they asked that 
Government compensation is put in place. The compensation should be reasonable and equal 
and guaranteed to raise the income and living standard of rural residents. They asked for 
reassurance that people would be resettled before land is requisitioned. 
 
742. Hengnan County Soil and Water Conservation Bureau expressed support for the project; 
however, they said that reasonable compensation should be provided if completion of the 
Complex causes soil erosion. 
 
743. Jiangshui Village of Yanzhou Town paid great attention to the project and proposed that 
reasonable compensation should be put in place and the relocation compensation standard 
should be implemented according to the relevant national standards. 
 
744. Dazi Village of Jinweizhou Town were concerned about compensation after land 
requisition, stating it should be in accordance with national requirements and that the 
resettlement sites should be in good condition with regard to water, electricity and sanitation.  
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745. The water treatment plant for Hengnan County called for strengthening water pollution 
control and not affecting the water quality of the Xiangjiang River. The plant should be relocated 
and a second plant should be built when necessary. Concerning the quality of intake water 
affected by construction, it is proposed that the pumping house should be moved upstream of 
the dam site. 
 
746. The People’s Government of Hengnan County supported the construction. But at the 
same time, practical and effective project construction programmes should be made and 
construction should start as soon as possible. They emphasized the importance of good 
environmental protection, particularly measures to reduce ecological destruction, air pollution 
and water pollution, and measures relating to forestation, ecological restoration, water pollution 
treatment and noise treatment. They wanted issues to be solved effectively, such as land 
requisition and resettlement, for the rural residents. 
 
747. The People’s Government of Yunji Town considered that preparatory work should be 
done well and as soon as possible so that construction can start quickly. They felt the 
programmes were feasible and practicable and could give the Government of the town the best 
platform to ensure the smooth progress of works. They proposed that the compensation 
standards are increased. 
 
748. This questionnaire results showed that 90% of the groups support the project.  All the 
various units and groups hold positive, caring and supportive attitudes and affirm the promoting 
functions of the project on the development and utilization of water resources in the drainage 
area of the Xiangjiang River, the local economic development and development of relevant 
industries, such as traffic and transportation. It is considered that construction of the project can 
make use of the advantages of the local resources, transforming it into power for industry, to 
promote the local economic development and bring good economic returns. In the meantime, 
the construction will ease the employment pressure and solve some employment and 
reemployment problems. 
 
749. However, the project will also bring corresponding environment problems. Concerning 
the negative issues, such as ecological damage, water safety, land occupation of the project 
and resettlement, various views and comments were made. Also, it is hoped that the 
construction companies will propose many practicable measures to reduce the adverse effects 
on the environment down to the extent that the environment can bear. The wastewater 
discharge should be conducted according to the standards, and the environmental and social 
benefits should be taken into account in addition to the economic returns. 
 

8.2.3 Individual Investigation 
 
750. To obtain the views of the public, 300 questionnaires were handed out and all were 
completed, a response rate of 100%. Photographs of the survey are given in Photograph 8.2.  
 



197 

 
Photograph 8.2: Public Participation Survey 

 
751. The survey shows public opinion on the project is as follows: 
 
752. Of the people surveyed, 97.3% knew of the project and 31.3% were familiar with it. This 
demonstrates that the local government has played an active role in information dissemination 
during the early period of project studies and raised the attention of the local residents to the 
project. Also, it means that public opinions are based on familiarity with the project. 
 
753. Through the effective dissemination of information from the local government, local 
residents have a relatively deep understanding of the impacts, pros and cons, caused by 
project. Thus 95% of the local residents agree that the project is conducive to regional economic 
development. Public representatives who have expressed different views, mainly come from 
Yanzhou Town, Lijiang Town, Qinren and Lijiang Hydropower Station, which will be affected by 
reservoir inundation. Representatives who consider the project will impede local economic 
development were from the Environmental Protection Bureau of Changning City and Songbai 
Town. 
 
754. 86.3% of the people agreed that the project can improve the quality of life of residents. 
10.7% of consider that it does not have a direct economic interest for them and that it cannot 
significantly improve their quality of life. While people directly affected by the inundation 
consider that the quality of life may become worse. Only a few agree that the drinking water 
quality may become worse and affect their quality of life. 
 
755. Responding to the question ‘What are the main environmental problems at your living 
place?’, 5.3% of the people chose soil erosion, followed by air pollution, others (water quality), 
natural disaster (flood) and noise. The survey results have obvious regional features. The 
residents who chose soil erosion mainly come from the construction area and reservoir area; 
those who chose air pollution, mainly come from the region of Shuikoushan and Songbai; those 
who chose water quality, mainly come from the region of Shuikoushan and Songbai and the 
new county town of Hengnan County; and those who choose noise, mainly come from the place 
surrounding the construction area and near the county town. 23.3% of the people said that 
construction would not impact on the surrounding environment. Those who consider the impact 
is ‘normal’ or ‘very big’ respectively account for 65.7% and 11.0%. The major impacts included 
river water pollution, vegetation deterioration and aggravation of soil erosion, followed by dust, 
noise and domestic garbage pollution. 
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756. 74.7% of the respondents agreed that the project is beneficial to the reservoir 
environment. Only 2.3% consider the project is harmful and think that the quality of reservoir 
water may become worse and that it restricts the individual or socio-economic development. 
75% agreed that the project has no impact or positive impact on the production of water and 
domestic water of the lower reaches of the Xiangjiang River. 24.3% of the people consider that 
the project would cause a negative impact. They are worried about the downstream water 
quality due to construction of the Complex. On the question ‘What do you think are the main 
environment impacts during the operation period after the completion of project?’ opinions 
varied, such as affecting river water quality, affecting fish survival, destroying forest vegetation 
and causing soil erosion. This shows people have a good understanding of the environment, 
and want to pay attention to environmental protection as well as make sure the project is 
constructed well. 
 
757. The aspects that people are most concerned about are: economic benefits (37.7%); 
followed by environment protection (29.0%); resettlement compensation (24.6%); and 
employment opportunity (only 8.7%). This shows that the residents of the region have a 
relatively strong environmental consciousness. 63.0% of the people surveyed agree that this 
project has great benefits. Those who consider that the overall benefits are equal to the 
damages account for 25.0%; no benefit or more harm than good, 12.0%. 
 
758. From the people surveyed, 89.7% of them support the project and 8.7% of them take a 
neutral attitude; while 1.6% of them oppose the project. The objections and suggestions include 
the following: worry about the aggravation of water pollution caused by construction of the 
project and the harm to the water quality at the drinking water intake. People were also worried 
that if the inundation compensation is not in place it will directly affect the production and living 
conditions of the resettled people with no economic returns. 
 
759. Most of the people surveyed required that the construction companies should carry out 
the work according to the standards and pay attention to environmental protection. They hope 
the local environmental protection departments will strengthen supervision of the future 
operation of the project, which must not pollute the surrounding environment. 
 

8.3 Second Round 
 
8.3.1 Web Publicity 
 

760. In accordance with the Interim Measures on Public Participation in Environmental Impact 
Assessment (Huan-fa 2006, [No.28]) of the State Environmental Protection Administration, in 
March, 2010, the Hunan Hydro & Power Design Institute and Hunan XNCD first published 
information about the project EIA on the government Website of Hengnan County. In August, 
2010, the information was published a second time on the same website and also on the 
website of the Immigration Bureau of Changning City.  A simplified version of the EIA report was 
appended on this occasion to continue to seek the views of the public. 
 
761. The Internet publicity was posted for at least 10 days on each occasion. No feedback 
was received in the form of telephone or written submission. However during the first publication 
period, views were received from the People’s Congress of Hengnan County. Their main 
comment was that scientific comparison and verification should be made for choosing the best 
programmes. 
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8.3.2 Field Publicity 
 

762. At the same time as the first web publicity, in March 2010, Hunan Hydro & Power Design 
Institute and Hunan XNCD posted public notices at resident centralized distribution points in the 
region affected by the project. The notices provided basic information about the project and 
preliminary environmental impact analysis, and informed people on how to provide their views 
on environmental impact. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photograph 8.3: Public Announcements on the Project 
 
763. The first publicity notices included information on the proposed project profiles, 
environmental impact of project construction, countermeasures for preventing and mitigating the 
environmental impacts, the conclusions of the EIA, the methods and time of the public 
consultation on the simplified version of the EIA and additional information presented, the scope 
and key issues for public consultation, the format and times of the consultation, and contact 
details for the XNCD and the authors of the EIA the HydroChina Zhongnan Engineering 
Corporation. 
 
764. In August, 2010, following the intermediate results of the EIA report, the second round of 
public notices was posted at the same locations, updating the information previously posted. 
The notices included information about the project, potential environmental impacts, mitigation 
measures for preventing or mitigating the adverse environmental impacts, concluding points of 
the EIA, the process and deadline for the public consultation on the simplified EIA, and 
additional information about the EIA report. The notices informed people that the EIA report was 
available on designated websites, and that the public can visit the two websites: 
http://www.hengnan.gov.cn/ and http://hnchangning.gov.cn/build/ymj/index.html. 
 
765. Information on the public consultation can be obtained by contacting the construction 
organizations or EIA organizations by E-mail, fax or letter.  As well as responding through the 
questionnaire, the public could also reply or provide written submissions. The public 
participation lasts for 15 days from disclosure of the environmental information. 
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Photograph 8.4: The Second Project Publicity 
 
766. At the field publicity, there was no public feedback or response via telephone or e-mail 
other than the comment that some people would like to see work on the project start as soon as 
possible.  
 

8.4 Public Feedback and Response 
 
8.4.1  Public Concerns 

 
767. The public’s concerns concentrated mainly on land acquisition and resettlement and 
environmental impact. Regarding land acquisition, local people who disapproved of the project 
were mainly afraid that the land requisition and demolition would not be in place and that 
compensation would be less, which would be detrimental to the interests of the individual. In 
response, the construction organizations promised that the compensation would be paid strictly 
according to the relevant national provisions on resettlement and the interests of local residents 
would not be harmed. 
 
768. Resettlement and rehabilitation or compensation of special facilities (e.g. landing stages, 
relocated roads and pathways, and transmission lines) is necessary due to land occupation for 
the project and reservoir inundation. Regarding resettlement, those people to be resettled 
hoped that the government departments could determine the compensation standard of land, 
housing and other physical features in accordance with the actual situation. Also, that they 
would produce resettlement policies and publicize them then seek public opinions. They 
considered that the compensation funds provided for the resettled people should be guaranteed 
and put in place. The government department is expected to seek the opinions of the public 
while formulating the current supportive policies. Also, some training should be provided which 
is relevant to the knowledge and technological capability of the resettled people. Regarding the 
rehabilitation or compensation special facilities, the views of resettled people should be taken 
into account in determining the level of compensation paid. The removal, location and technical 
transformation of other enterprises should also take into account the current situation and the 
skill level the resettled people. The special facilities rehabilitation should be conducted 
according to the views of the resettled people and it should satisfy the needs of living and 
development of the resettled people. 
 
769. Construction of the project will inevitably cause impact on the surrounding environment. 
During public consultation, all of the people agreed that the impact could be overcome and 
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recommended that effective measures are taken to jointly improve the local environmental 
protection work. Regarding concerns about quality of the intake water for the water treatment 
plant, the predictions show that the reservoir’s water quality may improve by about 10% after 
impoundment assuming current rates of wastewater discharge. Also, once Hunan Province 
starts the 2010 comprehensive treatment project of water pollution of the Xiangjiang River, the 
pollution load to the reservoir will be greatly reduced. Through comprehensive treatment, the 
water quality at the intake for the water treatment plant downstream can be maintained to the 
current level during the operation of the Tugutang Complex. In addition, the report proposes to 
establish an Environment Protection Branch of the Tugutang Navigation & Hydropower 
Complex, directly under the management of Hengyang Municipal Environmental Protection 
Bureau. This will further strengthen the environmental management. 
 
770. Regarding public views that there are no economic returns, the Feasibility Report 
provides a more detailed study. It shows that although the financial benefits of the project are 
negative, the social benefits are relatively good, and that is conducive to navigation, landscape 
and water supply. 
 

8.4.2  Feedback on the Comments from the Public 
 
771. Analysis of the public consultation exercise demonstrated the public’s understanding of 
the project details and the nature of their opinions and concerns. A pragmatic approach was 
taken by the project design departments in responding to the public’s views, taking a decision 
as to what to accept or reject. The reasons for these decisions should be published for the local 
people.  
 
772. Based on the public’s views and results of the environmental baseline survey, the 
assessment has focused on the ecological and water environmental impact, soil erosion and 
water and soil conservation. Consequently the proposed countermeasures and environmental 
management and monitoring plans are associated with these adverse impacts. In this way the 
environmental issues that concern the public have been addressed and full consideration has 
been given to them in the project design. The remaining work is to monitor the implementation 
of these measures during the construction process and to minimize the adverse environmental 
impacts caused by the project. For environmental impacts that cannot be determined at this 
stage, it is recommended that further research is done at the next stage. 
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9. GRIEVANCE REDRESS MECHANISM 
 

9.1 Introduction 
 

773. During the project preparation phase, efforts to facilitate and encourage public 
participation were made by the Design Institutes, the Executing Agency and Implementing 
Agency (IA), and local governments at the municipal, county and township level. When 
preparing the Resettlement Plan, the displaced persons were invited to take part in the 
measurement of loss of land and property and were consulted on the compensation standards 
and resettlement options. Furthermore, the public will also be encouraged to participate in 
monitoring the implementation of the RP. Nevertheless, unforeseen problems and issues may 
still arise due to construction and operational impacts. Therefore, to ensure that the displaced 
person and other affected persons have avenues for the redress of grievances related to any 
aspect of land acquisition, resettlement and environmental impact, a mechanism for this has 
been established.  
 

9.2 Current Practice 
 

774. Under the current system (Figure 9.1), the affected persons can make a complaint to the 
contractor, the resettlement offices (RO) of the local government, the XNCD (as the IA), or a 
court of law. All the complaints can be divided into two categories: complaints relating to 
construction works and those relating to resettlement. The principal agencies involved in the 
grievance redress mechanism (GRM) are, the RO of the local government, especially the 
County or City Resettlement Office (CRO) which is responsible for dealing with displaced 
persons complaints related to land acquisition and resettlement activities, and the XNCD which 
would deal with construction related complaints, mostly regarding the disturbance to daily life 
and interruption of production. 
 

Figure 9.1: Current Practice for the Grievance Redress Mechanism 
 
 
 
 
 
 

 
 
 

 
 
 
 
 Source: Site Interviews. 
 
775. The affected persons tend to direct their complaint to the contractor, XNCD or local 
government, before they finally appeal to the court. Affected persons usually bring their 
complaint to the Contractor or the Resident Engineer (RE) in the first instance if they are 
convinced that the problem is construction related. In the event that the Contractor's response is 
unsatisfactory, they would proceed to the local government authorities. However, not being 
directly involved in the construction activities of the project, it is difficult for the local government 
authorities to comprehend the actual situation or make the right decision. Consequently the 
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complaint is usually forwarded by local government, usually the RO, to XNCD who would then 
require a considerable amount of time to ascertain the facts, understand the situation and 
identify a solution, with assistance from the designer and/or RE.  
 
776. Resettlement related complaints are usually lodged with the Resettlement Office (RO) of 
local government, and if unresolved, are progressed to the township, county, municipal and 
province level. If a complaint related to the activities of resettlement and rehabilitation 
programme was lodged with the local Township Resettlement Office (TRO), the response or 
resolution on the issue would be made by the TRO within two weeks. However, if their response 
or resolution is unsatisfactory, the complaint would be forwarded to the CRO for resolution, and 
possibly on to the Hunan Province Resettlement Office (HNRO). If the final decision from the 
CRO or HNRO is unsatisfactory, the displaced person can appeal to the People’s Court at the 
appropriate level in accordance with the “Civil Procedures Act”.  
 
777. This system is well tested in Hunan and XNCD has more than ten years of experience in 
dealing with these issues, resulting from their experience in the construction and operation of 
the Zhuzhou and Dayuandu Complexes. 
 

9.3 Proposed Grievance Redress Mechanism 
 

778. Of all the agencies involved in the GRM, XNCD is the most efficient agency being most 
knowledgeable about the project activities and having the necessary links with local 
government. In consultation with XNCD, a Public Complaints Centre (PCC) will be established 
at the Tugutang site office to accelerate the process of complaint response. The local 
government bodies at the county, city and province level will nominate an officer to act as a focal 
point for contact by and with the PCC.  
 
779. The PCC will be staffed by an officer from the Reservoir Office of XNCD and will have 
facilities to maintain a database and communicate with the Resident Engineer (RE), XNCD, and 
Governors of the county, city and province and also with DPs. The PCC’s phone number, fax, 
address, email address will be made known to the people through displays at the respective 
offices of the county, city and province government administrations and in public places. The 
contact information for the PCC and the procedure for lodging a complaint will be disclosed to 
displaced persons by issuing a Resettlement Information Booklet (RIB) and disclosure of the 
RP.  
 
780. The Project grievance redress mechanism is as follows: 
 

• When a problem due to Project activities occurs, the affected person will make a 
complaint to the PCC. In case the affected persons are unable to direct the 
complaint to the PCC, they will lodge the complaint at the county, city or province 
office where the nominated officer will accept and immediately direct the 
complaint to the PCC. At the PCC a complaints register/database will be 
maintained by the PCC with the following information (Table 9.1): 

 
Table 9.1: Public Complaints Database 

Nature of 
Complaint  Category Action 

Taken Date 
Further Action Feed Back 
Action by Date Sent to Date 

        
        
Source: PPTA.  
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• Upon receipt of the complaint the PCC will coordinate with the RE and the 

Contractor to resolve the problem. The RE will have the required authority to 
instruct the Contractor on the action that should be taken for redress. The PCC 
will update the complaints database with the action taken and feed back to the 
complainant.  

 
• Any complaint that cannot be resolved at the PCC/RE/Contractor level will be 

directed to the HNRO/HPDOT for action. Complaints thus directed and their 
outcome also will be recorded in the database. The XNCD director will monitor 
the public complaints register and prepare monthly reports to be submitted to the 
Director of HNRO/HPDOT.  

 
781. The Grievance Redress Mechanism is illustrated in Figure 9.2 below.   
 

Figure 9.2: Concept of Grievance Redress Mechanism for the Project 
 
 
 
 
 
 

 
 
 

 
 
 
 

 
 

 
Source: PPTA Consultants. 

 
9.4 Responsibilities of the PCC 

 
782. When a complaint is received at the PCC it will commence the redress process 
immediately as follows:  
 

• Log complaint and date of receipt onto the complaint database and inform the RE 
and CRO/Contractor immediately; 
 

• With the RE and contractor, investigate the complaint to determine its validity and 
to assess whether the source of the problem is due to the Project and or 
resettlement activities; 

 
• If a complaint is valid and due to the construction works/resettlement activities, 

identify mitigation measures in consultation with the RE and CRO/Contractor and 
advise the CRO/Contractor accordingly; 
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• Monitor the CRO/Contractor's response on the identified mitigation measures 
and update the database; 

 
• Inform the complainant of the action taken with copies to the local authorities if 

the complaint was directed by them;  
 

• Undertake further monitoring in conjunction with the RE and verify the situation,  
and if necessary instruct the CRO/Contractor of measures to be taken to avoid 
such complaints;  

 
• Report the results and the subsequent actions to the XNCD.  

 
783. PCC staff will be trained on the implementation of the grievance redress procedures. 
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10 ENVIRONMENTAL MANAGEMENT PLAN 
 

10.1 Environmental Safeguards 
 
784. The main objective in formulating an Environmental Management Plan (EMP) is to 
recommend a set of environmental and social safeguard measures to address the adverse 
environmental and social impacts of the project. In addition to establishing mitigation measures 
and implementation responsibilities, the EMP will also include monitoring mechanisms to ensure 
compliance with EMP requirements and environmental regulations of the country. The detailed 
EMP has been prepared as a separate document. 
 
785. In preparing the safeguard measures the mitigation hierarchy was adopted in order of 
importance:  
 

• Avoidance of adverse environmental impacts, for example through changes in 
location, design or operation; 

• Minimise the adverse impact; 
• Mitigate the adverse impact to its full extent; and 
• Compensate for adverse impacts where mitigation is not adequate or 

appropriate.  
 

10.2 Mitigation Measures 
 

786. In developing suitable mitigation measures, which are identified in Section 6, the 
following criteria were considered:  
 

• Pragmatic – measures should be readily implementable and practicable; 
• Efficient – measures should effectively achieve the objectives of environmental 

management within the limits of available information, time and resources;  
• Adaptive – measures should be flexible in order that they can be adjusted to the 

realities, issues and circumstances of the project without compromising the 
ultimate objectives; and 

• Cost effective – the measures should be affordable and achieve an acceptable 
level of mitigation for the cost involved. 
 

787. This comprehensive EMP identifies feasible and cost-effective measures to be taken to 
reduce potentially significant negative impacts to acceptable levels. Specifically it contains: 
 

• A summary of all anticipated moderate / significant impacts; 
• Description of the corresponding mitigation measures; and 
• Links to other mitigation plans. 
 

788. This EMP is site-specific, and focuses on the Tugutang Barrage, the ports and to a 
lesser extent on the resettlement activities. The social impacts associated with resettlement are 
dealt with in detail in the Resettlement Plan, which is available separately.  
 

10.2.1 Measures to Protect the Water Environment 
 

789. Control of Heavy Metals in the River Bed Sediments. Two lines of action will be taken 
to control heavy metals, environmentally-friendly construction techniques and measures to 
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protect water quality at drinking water intake works.  
 
790. Environmentally-friendly construction techniques. Three types of construction techniques 
will be employed. Firstly, the extent of heavy metals in the location of the barrages will be 
investigated further and the results used in preparing the construction programme and selection 
of construction methods. Secondly, the construction methods so selected will be strictly 
enforced. These may include: 
 

• Use of coffer dams which will restrict the dispersion of sediments and 
heavy metals during construction 

• Holding of construction water in sedimentation pits prior to pumping the 
clear water back to the river 

• Excavation of the river bed in layers, removing the contaminated horizon 
and storing it separately on land at a designated site under cover to 
avoid drainage back to the river 

• Excavation of the footprint required for the construction to avoid 
disturbing contaminated sediments unnecessarily 

• Testing and final disposal of contaminated sediments to ensure that 
heavily contaminated sediments are disposed of in locations suitable for 
the end use. 
  

791. Thirdly, environmentally-friendly dredging methods will be adopted to minimise 
disturbance of bottom sediments. The dredging Contractor will be required to meet prescribed 
water quality standards within 500m of the dredging operations. The dredging Contractors then 
decide on the type of dredger to use, operational activities and mitigation measures required to 
meet that standard.  
  
792. Protective Measures for Water Quality at the Drinking Water In-take. During 
construction, the water quality monitoring programme around the Hengnan drinking water in-
take, about 4.2 km downstream of the Tugutang barrage, will be intensified. Water quality is 
currently monitored several times a day. If the water quality exceeds the standards1, action will 
be taken to stop the construction activities, such as dredging, that led to the pollution event. If 
required additional water treatment processes will be introduced at the Water Treatment Works.  
 

10.2.2 Wastewater Treatment in the Construction Area 
 
793. General Provisions. Various measures will be taken to collect and treat wastewater 
arising at the Tugutang construction site.  
 

• Stormwater drainage and retention basins would be constructed and a silt 
trap (where a river/stream is nearby) would be installed prior to 
commencement of construction to control runoff water and sediment and 
prevent entry of contaminants into the water body; 

• The Contractors must develop and implement contingency plans for the 
control of oil and other dangerous substance spills (Spill Management 
Plans); 

                                           
1 It is good practice to set trigger thresholds below the water quality standards, so that action is taken when the water 

quality reaches the trigger threshold and not the water quality standard, thereby allowing time for corrective actions 
to take effect before the drinking water quality is compromised.   
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• Fuel storage, maintenance shop and vehicle cleaning areas would be 
stationed at least 300 m away from the nearest water body. 
 

794. Aggregate wash water. This wastewater mostly contains elevated concentrations of 
suspended solids. The water will be recycled and any discharge water must comply with the 
standard of TSS ≤300mg/l2. Two treatment plants will be constructed, one on each side of the 
river. The treatment process will comprise screening, sedimentation, addition of coagulant, and 
flocculation. The clean water will be recycled for sand washing, while the coarse sand and 
sludge from the treatment process will be washed, dried (combination of gravity and mechanical 
pressing) and disposed of at landfill. This system is effective and low cost.  
 
795. Concrete Wash Water. Concrete wash water is characterised by high pH and TSS. 
Provided that the water has a pH of 6 to 9 and TSS ≤300mg/l, it can be recycled. The wash 
water is produced periodically and the volumes involved are small. It is proposed to pump the 
wash water to a settling basin, where flocculants are added and the sediment settles out of 
suspension. On the third day the clean water is pumped to the clean water pond. If necessary, 
the pH can be adjusted. The sludge are dug out using a grab and removed to landfill.  
  
796. Wastewater from the Workshops. This wastewater is mostly contaminated with oils and 
fuels. The water is treated in a small oil separation tank, with floating oils removed by a 
skimmer, followed by discharge of the treated water through a coke filter to remove the 
remaining pollutants. This treatment system is simple and cost effective. The plant will be 
located close to the maintenance yards. After treatment, the wastewater can be used for 
cleaning vehicles.    
 
797. Groundwater and construction water. Water in the excavated areas comes from 
seepage, groundwater and rainwater. The water may be contaminated by sediments, concrete, 
explosive residual from the blasting and oils. The main contaminated are high suspended 
sediments (2000 mg/l), high pH (up to 11-12) and hydrocarbons. The only treatment proposed is 
the addition of flocculants, settlement for 2 hours, followed by the removing of the clear water 
and digging out of the sludge.  
 
798. Domestic Sewage. The main pollutants from sewage are high bacteriological and 
organic loads. The treated wastewater will need to comply with standards of BOD5 ≤ 10 mg/l 
and COD ≤50 mg/l3. The wastewater will include dirty water from canteens and wash rooms, 
shower water and sewage for a population of 1500 at the peak construction period. The volume 
is estimated to be 180 m3/d. Two wastewater treatment plants will be set up, one on either side 
of the river. The main treatment processes are primary settlement, a three-contact aeration 
basin, secondary settlement, and disinfection. The treated wastewater would be discharged to 
the river. The sludge would be disposed of to the Municipal tip.  
 

10.2.3 Measures to Protect the Water Environment during Operation 
 
799. The following measures will be undertaken during the operation phase to protect the 
River during operations. 
 

                                           
2 This wastewater standard is much higher than the measured suspended solids in the baseline data of 16mg/l (see 

chapter 5). A more stringent wastewater discharge standard should be implemented to avoid impacting locally on 
water quality.  

3 The PPTA advises that standards should also be set for suspended solids and ammoniacal nitrogen. 
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• Cleaning of the reservoir bottom prior to impoundment 
• Programming of the initial filling of the reservoir and compensation flows 
• Measures to protect the river in the vicinity of the Tugutang Complex 
• Implementation of a Water Environmental Protection Plan for the reservoir 

area, and 
• Control measures to control eutrophication in the tributaries. 

 
800. Cleaning of the reservoir bottom. The land to be inundated will be cleared of polluted 
sites, structures, and trees prior to inundation. Existing structures will be demolished and the 
debris levelled. Materials that would float would be burnt or removed out of the reservoir area. 
Polluted sites such as livestock sites, toilets, manure pits, methane-generating pits, and rubbish 
dumps will be removed. The inert wastes will be carried out of the reservoir area and disposed 
of at the spoil disposal site on the right hand bank of the Tugutang barrage complex. Sewage 
waste sites would be disinfected by exposure to sunshine, toilets would be disinfected with lime, 
and sewage pits must be filled with clean water. Tombs would be relocated by the local 
communities. The clearance of polluted sites would be undertaken following the guidance of 
local health and epidemic prevention departments. Areas of vegetation will be cleared, 
particularly trees and garden plots, mostly by the Construction Company, but in some cases by 
the farmers. Trees and shrubs may be felled or transplanted.    
 
801. Initial Impoundment. The initial impoundment of the reservoir will ideally be programmed 
for the wet season to minimise the time required to fill the reservoir. If initial filling is 
programmed for the dry season, then a compensation flow of 50% of the upstream flows will be 
allowed. Under these conditions the reservoir would fill in an estimated 12 days.   
 
802. Measures to protect the river in the vicinity of the Tugutang Complex. During operation of 
the Complex, wastewater may arise from domestic sewage from the offices and control rooms 
at the complex, and oil wastewater arising from maintenance activities. The workforce at the 
complex is likely to be about 94 persons, who would produce an estimated 28 m3/d of 
wastewater. It is proposed to install a small biological purification pond with a volume of about 
60 m3 with a trash screen, sedimentation, anaerobic digestion, and bio-filter, with final disposal 
of the treated wastewater for watering landscaped areas or farmland. The solid wastes would be 
disposed of at the Municipal dump. The oily wastewater from the turbine rooms would be 
collected in small barrels and treated. 
 
803. Water Environmental Protection Plan for the Reservoir Area. The plan follows three 
strands (a) the control of pollution sources around the reservoir, (b) protection measures for 
drinking water sources, and (c) environmental management measures. 
 
804. Control of Pollution Sources. The long term improvement in water and sediment quality 
in the Xiangjiang River is dependent on the widespread adoption of measures to reduce and 
control pollution sources around the reservoir. This will require investment in soil and water 
conservation measures in the catchments to reduce diffuse pollution, capital sanitation projects 
to collect and treat industrial and domestic wastewaters, and regulatory authorities to enforce 
discharge standards. The Hunan Province Environmental Protection Bureau is implementing a 
large number of projects to improve the environment and wastewater treatment in industry in the 
study area (see Section 3).  
 
805. Protection Measures for Drinking Water Sources. The environmental management plan 
provides for new equipment to be installed at up to eight water treatment plants to prevent 
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contamination of drinking water supplies. The frequency of water quality monitoring is to be 
increased during the flood season ,focusing on the monitoring of the heavy metals of Cd, Pb, 
and As, as well as, COD and ammonia nitrogen, at least 6 times each day In addition, there will 
be improvements in forecasting water quality; strengthened water and sediment quality 
monitoring in the reservoir; and further research on the exchange between heavy metals in the 
water column and the sediments. 
 
806. Environmental Management Measures. Environmental management measures during 
operation require the strengthening of the administration bodies responsible for environmental 
protection on the Xiangjiang River and the implementation of specific measures to control 
pollution. An Environmental Protection Branch of the Tugutang Complex will be established, 
directly subordinate to the Environmental Protection Bureau of Hengyang Municipality. The 
Branch will be responsible for enforcing industrial policies and environmental protection laws 
and regulations regarding new projects in the reservoir area, promote the adoption of cleaner 
technology and advanced equipment, and realise the improvement in production without 
pollution. 
 
807. In Songbai where there is no spare environmental capacity in the river, new 
developments which need to discharge wastewaters to the river will not be permitted. Polluting 
industries must be shut down. In accordance with the legislation, wastewater discharge permits 
will be issued to polluting discharging units to comply with the discharge standards and 
compliance will be supervised.  
 
808. Other environmental management measures include the control of wastewater from 
ships, for example by ensuring that each vessel is equipped with an oil-water separation 
system, and preparing and implementing when necessary an emergency response plan to deal 
with accidental spillages on the river. 
  
809. Control of Eutrophication in the Tributaries. Various methods are proposed to control the 
discharge of nutrients to the tributaries which cause eutrophication. Environmental education 
and awareness raising are required to inform the public. Water quality monitoring in the 
reservoir area needs to be strengthened coupled with the enforcement of legislation on 
wastewater discharges and supervision of compliance. Soil and water conservation 
programmes need to be strengthened to reduce the transport of nutrients to the river. 
Agricultural improvements are required to reduce the excessive use of fertilisers and diffuse 
pollution. The use of phosphorous-free detergents and removal of nitrogen and phosphorous 
from sewage will be encouraged. These types of measures are being implemented by the 
Hunan Province Environmental Management Bureau under their FYP to improve the 
environment.  
 

10.2.4 Wastewater Treatment Measures for the Construction of the 
Terminals 

 
810. Wastewater Treatment Measures for Terminal Construction and Operation. Measures 
will be put in place to minimise pollution from the construction and operation of the Songbai and 
Yunji river ports. Each site will be provided with sewage treatment facilities. Oily wastewater and 
wash water volumes are likely to be small both during construction and operation. On site 
treatment will be provided by settlement tanks and flocculation. 
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10.2.5 Fish Protection Measures 
 
811. Fish Protection Measures during Construction. The programme for the in-river 
construction works will take 42 months to construct. During this period, efforts will be made to 
avoid activities which are noisy or causes vibrations such as blasting and excavations during the 
main spawning period. Efforts will also be taken to ensure that floating egg spawn is not 
obstructed and is allowed to float downstream of the barrage. The workforce will receive 
environmental training and awareness raising on the importance of the fisheries and information 
on activities that are illegal and banned. Workers who are caught breaking site rules on fishing 
must be disciplined and even made redundant. In particular, the workers must not fish during 
the spawning season, use illegal fishing methods, and dispose of harmful wastes in the river. 
Any fish caught within the coffer dams must be captured and released. The impacts of 
construction activities will be monitored during construction and operation.  
 
812. Fishery Protection Measures During Operation. Six programmes will be implemented 
to protect fisheries during operation, namely: 
 

• Protection of important fish habitats 
• Integrated operation of the cascade of barrages for ecological mitigation 
• Construction of fish pass facilities 
• Artificial releases 
• Improvement in the administration of fisheries regulatory authority 
• Scientific research 

 
813. Protection of Important Fish Habitats. Reaches downstream of the Tugutang dam site 
and the Baiyanghe tributary are important habitats for fish, so these sites will be chosen for fish 
habitat protection. It is proposed to zone the Xiangjiang River in the Tugutang section to ensure 
that sufficient feeding and breeding sites are protected. In the main Xiangjiang River, key areas 
for protection are the fish gathering sites downstream of Zhuzhou dam and the spawning sites 
for the four major Chinese Carp species in the Tugutang Reach. Protection measures are also 
required on the tributaries.  
 
814. Based on baseline studies undertaken in 2009 and 2010, in the 10–15 km river section 
downstream of Zhuzhou Dam, fish were found to congregate in large numbers, including mature 
examples of the four major Chinese Carp. It is proposed to protect this area as a key habitat 
with a year-round prohibition on fishing. The site would be demarcated by permanent buoys.  
 
815. In the Tugutang section there are three main spawning grounds (Dabao, Baifang and 
Songjiang) for the four major Chinese Carp, and a fourth one at Lukou downstream of Zhuzhou 
Dam. It is proposed to prohibit fishing in these areas during migration and spawning (March to 
July every year).  
 
816. On the 500 km between Jinweizhou and Haokhekou, there are more than 20 large 
tributaries on the Xiangjiang River which are important breeding sites for a variety of fish. It is 
proposed to protect key habitats on the Chongling River, Leishui River, and Mishui River. An 
ecological monitoring programme will also be undertaken.  
 
817. Integrated operation of the cascade of barrages for ecological mitigation. It is proposed 
to develop and implement an integrated scheduling programme for six of the barrages, namely 
from upstream, Xiangqi, Jinweizhou, Tugutang, Dayuandu, Zhuzhou, and Changsa. Water will 
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be released during the flood and fish migration and breeding seasons to allow the river to return 
to natural flow conditions. 
 
818. Fish Pass. It is proposed to provide a fish pass for the Tugutang barrage, to allow 
migratory and semi-migratory fish to by-pass the ship lock and swim upstream and remove 
barriers to eggs and fry that float downstream towards Dongting Lake. Further consideration 
needs to be given to the design of the upstream end of the fish pass, to ensure that fish and 
floating spawn are not drawn into the hydropower turbines. Trained staff will routinely capture 
the floating egg spawn and either draw it into the fish pass or ship lock, or capture the spawn 
and release it downstream. Otherwise there is a risk that only a small proportion will pass 
downstream successfully, as it will either be trapped by the barrage or be drawn into the 
turbines for the hydropower and churned up. 
 
819. Artificial releases. The authorities have previously had success in stocking the river with 
fish fry. It is now proposed to construct a fish breeding site near the Tugutang barrage with a 
spawning and hatching facility, and fish ponds over a 100mu site on the left hand bank near the 
upstream end of the fish pass. This programme would initially be targeted at commercial fish 
such as the Four Major Chinese carp – Grass Carp Ctenopharyngodon idellus, Black Carp 
Mylopharyngodon piceus, Silver Carp Hypophthalmichthys molitrix, and Bigheaded Carp 
Aristichthys nobilis – as well as Chinese sucker Myxocyprinus asiaticus, Elongate Loach 
Leptobotia elongata, White amur bream Parabramis pekinensis, etc. In the medium to long term 
it may be possible to release other species such as Long spiky-head carp Luciobrama 
macrocephalus, Ochetobibus elongates, Mandarin fish Siniperca sp, etc. 
 
820. Institutional Strengthening of the Fisheries Authorities. The institutional capacity of the 
local fishery authority needs to be improved through, for example, training and enhancement of 
authorities. The authority should strictly enforce the laws to prohibit fishing and other activities in 
protected areas, especially the prohibition of techniques such as electric shock fishing, and the 
use of blasting and poison. The closure of spawning grounds must be strictly enforced. The 
management of the fisheries must also be strengthened, for example, to prohibit catching 
juvenile fish, using fine mesh sizes, and use of destructive fishing methods. The water quality in 
key habitats must be maintained.  
 
821. Scientific Research. It is proposed to carry out research in six areas: 
 

• Population variation in the Tugutang Reservoir 
• Integrated operating rules for the cascade of barrages to satisfy 

environmental conditions for the four Chinese carp 
• Cumulative impacts on fish resources  
• Biological and artificial propagation technology for Sinilabeo decorus 

tungting, Coreosiniperca roulei, and Siniperca scherzeri. 
• Biological integrity in the middle and lower reaches of the Xiangjiang River 
• Use of genetic markers to evaluate the fish release programme.   

 
10.2.6 Terrestrial Ecosystem Protection Measures  

 
822. Protection of agricultural systems. The area of inundation will be reduced by raising 
farm land in some 45 low lying areas to about 59 masl. Soils will be taken from nearby donor 
sites, which themselves will be protected from further erosion by soil and water conservation 
measures. 
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823. Plant resources. Trees in the reservoir bowl will be removed to avoid the impact of 
decomposing plant material on water quality. Elsewhere, the remaining plant resources will be 
protected through the prohibition of setting fires, the control of invasive plants, revegetation 
programmes including incorporation into soil and water conservation plans, the protection of 
vegetation in the relocation plans for resettlement, and re-vegetation plans in temporary 
construction sites.  
 
824. Terrestrial animals. Environmental education programmes will be undertaken for the 
workforce and local communities. Various activities will be undertaken to minimise the impact on 
fauna, for example the programme for land raising works will avoid the hibernating period for the 
frog Rana rugulosa, wastewater and solid waste will be disposed of in a controlled manner, 
construction noise, especially blasting, must be controlled and the Contractors must prohibit 
workers to hunt. 
 
825. Other measures. It is recommended to set up a protection fund for rare and protected 
animals and plants, assign protection personnel, and prepare an environmental protection plan.     
  

10.2.7 Soil and Water Conservation Programme  
 
826. General Provisions for the Control of Soil Erosion. The following remedial measures are 
to be implemented by the Contractors and will be specified in the contract documents: 
 

(i) Prevention: 
 
• The Contractors will be required to prepare Soil Erosion Management 

Plans, to be approved by the Employer before land clearance, and to 
include measures for the temporary drainage, the control of runoff and 
soil erosion during the wet season, and restoration of the temporary 
construction site; 

• Minimise the area of soil clearance; 
• Design of scour protection on the river banks and placement of gabions 

and riprap to protect the banks from erosion; 
• Construction in erosion and flood-prone areas will be restricted to the dry 

season as far as possible; 
• Replanting will be completed as soon as possible following the 

completion of works to facilitate regeneration of a stabilizing ground 
cover.  
 

(ii) Mitigation 
 

• Using geotextile for erosion control will be limited but might be justified in 
some locations. 

• Topsoil will be removed and stored separately from the underlying sub-
soil and replaced during site restoration. 

• Areas of bare ground will be revegetated after completion of the works, 
using fast growing native species and seed mix, shrubs and trees;  

• Embankment slopes and road cuts will be stabilised by re-vegetation with 
grazing resistant plant species. 
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(ii) Borrow Pits and Spoil Sites 
 
• Stone will be sourced from existing, licensed quarries. 
• Aggregate will be obtained from two islands in the river upstream of the 

barrage.  
• No other sites will be dredged without the approval of the Employer.  
• The dredging activities will comply with all standards relating to this 

operation. 
• Borrow pits will not be opened except by approval of the Employer.  
• Topsoil from borrow pit areas will be saved and reused in restoring the 

pits.  
• All borrow pits will be restored to the pre-existing land use, or other land 

use such as fish pond, as agreed between the land owner and the 
Employer.  

• The restoration works must reach an acceptable standard in full 
compliance with all applicable standards and specifications. Where the 
land is to be returned to agricultural use, the borrow pit must be graded to 
provide access, allow drainage, and reduce the visual impact.  

• Arrangements for opening and using borrow pits will contain enforceable 
provisions.  

• The excavation and restoration of the borrow areas and their 
surroundings in an environmentally sound manner will be required before 
final acceptance and payment under the terms of contracts.  

• Additional borrow pits will not be opened without the restoration of those 
areas no longer in use. 

• Spoil will be disposed of in the two allocated sites unless otherwise 
directed by the Employer and with all the necessary approvals. 

• During placement, the spoil will be compacted and levelled.  
• Permanent drainage will be provided as required 
• The spoil disposal sites will be restored to agricultural use or revegetated 

with natural species of shrubs and trees.  
 

827. The study area is located in a region with high rainfall and propensity to soil erosion. Soil 
and water conservation (SWC) measures are required over some 1049 km2, comprising a 
construction area of 1022 km2 and a direct impact zone of 27 km2. Table 10.1 summarises the 
main SWC measures to be implemented in the different project areas.   
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Table 10.1: Summary of proposals for soil and water conservation and landscaping 
Location Characteristics Proposals
Main Works   
Construction area Flat farmland, with woodland on higher land Ornamental planting with Cinnamomum camphora, sweet-scented osmanthus, Magnolia 

grandiflora, Loropetalum chinense var. rubrum, privet, Gardenia jasminoides and Indian 
Azalea 

Land raising areas 
 

Inundated farmland at 45 locations in 17 
villages 

Strip top soil from donor areas and deposit on farmland to improve soil quality and reduce the 
risk of inundation and waterlogging 

Areas affected by risk of rising groundwater and 
waterlogging 

Excavate seepage ditches to encourage infiltration, reduce the risk of waterlogging soils, 
control groundwater levels, and provide surface drainage. 

Kiloton dock construction 
area 

New river ports Plant with trees, shrubs, and grass in a green belt including Magnolia grandiflora, 
Loropetalum chinense var. rubrum and Zoysiajaponica. Plant Cinnamomum camphora every 
2m along the access road. Incorporate site drainage to prevent erosion.  

Access Road and On-
site Roads 

Access roads of 0.8km and 0.5km on the left 
and right banks at the barrage and branch 
roads of 1.8 km and 3.5 km 

Construct road drainage on both sides. Landscape with plants.  

Temporary construction 
area 

Broad flat area covering 4.65 km2.  Before construction provide drainage around the site. After construction, clean the site, loosen 
the earth, level, and reclaim for forest or grassland 

Temporary road for 
construction 

Construct 5 on-site roads for access occupying 
1.3 km2. Concrete surfaced roads.  

Earth ditches on either side of road. After construction, loosen the earth, level, and return to 
grassland. Green the area with trees.  

Stone quarry Pengci stone quarry 2km upstream of barrage 
(new quarry). Chejiang quarry 17 km upstream 
(existing quarry).  

Pengci is a proposed stone quarry. XNCD will undertake soil and water conservation and 
restoration measures for this site including: excavation of upslope ditches to intercept runoff 
at the top of the quarry, construct a detaining ridge at the bottom of the site to detain 
sediment, and restore vegetation after quarrying, using cedar and alder, with Bermuda grass.  

Soil borrow area (clay 
and loam) 

Nine sites selected with a total area of 87.26 
acres. One is a clay borrow. The remainder are 
for collecting earth for use in land raising.  

These sites are currently forest, shrublands or grasslands. The SWC measures are similar to 
those described above for stone quarries. 

Sandy gravel extraction 
areas 

Four sites have been identified at Zhengshi, 
Yuezhou, Luoshazhou and Xipizhou. The two 
preferred sites Loushazhou and Yuezhou are 
islands in the Xiangjiang River relatively close 
to the barrage site.  

Before exploitation, obtain permission from the local river management sector and SWC 
monitoring sector and inspect the sites with them. Extraction is forbidden when the water level 
is above the warning level. Slopes no more than 1:3 to prevent collapse. Compact the surface 
afterwards and maintain the longitudinal profile of the riverbed.    

Waste disposal area Two areas have been identified occupying 14ha  
one on the right hand bank and the other on the 
left hand bank of the river.  

Construct a stone masonry retaining wall at the downslope end of the spoil disposal site. 
Dispose of waste upslope of the wall. Install surface drainage upslope and connect to the 
local drainage network. Compact the ground in layers. Include a benched slope 1-2m wide at 
4-6m intervals to maintain slope stability. Main slope of 1:2.0. At end of waste disposal, 
restore the site to cultivation if possible, or to woodland and grassland using Azalea, masson 
pine, alder and Bermuda grass.  

Relocation areas and 
special facilities 
rehabilitation areas 

(a) Relocation area for 139 HH with 512 people. 
Require 1.73 km2 for relocation of HH.  
(b) SWC protection for simple roads, bridges, 
and farm tracks. 

(a) Choose a flat site with road access, slope protection on any cut and fill for road, and 
suitable drainage. Plant trees along both sides of the road access.  
(b) Sow grass on bare slopes and protect slopes with masonry or turf slope protection. Install 
interception ditches. Plant trees and grass along roads for greening the environment.  
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10.2.7 Protection of Air Quality 
 
828. The control of air pollution will be implemented through various means: construction 
technology, equipment, pollutant reduction, protection of construction areas and sensitive areas. 
  
829. Control of dust from excavations. The rock blasting and drilling will be undertaken in 
such a way as to reduce the generation of dust, for example by using small explosive charges, 
wet processing, and fitting the drills with dust shields.  
 
830. Control of dust from concrete production and sand processing. The following actions will 
be implemented: 
 

• Locate the plant away from residential areas (Binhe village is about 200 m away). 
• Enclose the concrete batching plant 
• Transport the cement and coal ash in sheeted trucks 
• Use dust suppression techniques such as watering stockpiles and working areas 
• Equip the rock crusher with dust filters 
• Provide ppe to workers 

  
831. Control of dust and emissions from vehicles. All plant and vehicles used during the 
construction and operation of the project must comply with the manufacturer’s emissions 
standards and national emissions standards. The site accesses will be fitted with wheel wash 
facilities to prevent dirt on the roads. All vehicles carrying materials and spoil will be sheeted. 
Construction roads will be maintained cleaned and regularly sprayed with water during dry 
weather to suppress dust. 
 
832. Other air pollution control measures. Staff will be provided with ppe to include face 
masks. Underground works to construct the basement for the hydropower station will be 
adequately ventilated using air pumps. Topsoil will be stored in stockpiles in designated areas 
will be protected from dust entrainment by the use of windbreaks, spraying, or vegetation cover. 
Open burning of vegetation will be prohibited.  
  

10.2.8 Control of Noise during Construction 
 
833. General Requirements for the Control of Noise on Construction Sites.  The 
Contractors will be required to prepare and implement Noise Control Plans for all construction 
sites. The general provisions of the Control of Noise will include as a minimum: 
 

• Legal Controls. All machinery used on the construction sites must comply 
with the national environmental protection standards. Noise levels in the 
construction area and villages must comply with the relevant ambient noise 
standards.  

• Source Controls. All exhaust systems will be maintained in good working 
order; where possible machinery with lower sound emissions will be 
selected; proper shields, shrouds, and intake and exhaust mufflers will be 
employed; operation of machinery will be at minimum power, and regular 
equipment maintenance will be undertaken; where appropriate the duration 
of operation time for noisy equipment must be kept short; equipment and 
vehicles that are not in use must be switched off. All blasting operations will 
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be carried out with limited size charges and blasting mats used where 
appropriate. 

• Construction Site Controls. Locate noisy activities away from sensitive 
receptors as far as is reasonably possible; use the natural features of the site 
to attenuate noise (screening by topography, other buildings, working below 
ground level); orient the back of noisy plant towards sensitive receptors, 
install acoustic barriers if appropriate. 

• Time and Activity Constraints. Operations will be scheduled to correspond 
with periods when people/wildlife would least likely to be affected. The hours 
of work at the construction site for weekdays, weekends, and holidays will be 
agreed with the local authorities; night-time working will not be permitted 
except with the permission of the Employer’s Engineer and following 
consultation with the local community.  

• Community Awareness. Public notification of construction operations will 
incorporate noise considerations. Information on the procedure of handling 
complaints through the Grievance Redress Mechanism will be disseminated 
to local residents. Sensitive receptors will be avoided as far as possible. 
Disposal sites and haulage routes will be coordinated with local officials.  

• Baseline and Routine Noise Monitoring. Pre-construction monitoring of 
existing noise will be undertaken to provide a baseline for the measurement 
of impacts during the construction period. Routine monitoring will also be 
required in areas of high potential impact as specified in EMP, during the life 
of the Project. 

 
834. Specific Requirements on the Control of Noise on Construction Sites. Specific 
requirements to control noise for particular activities are summarised below.  
 

• Dam Excavation and Filling. A temporary acoustic wall will be built on the left 
bank along the access road to shield the nearby village from the construction 
site. The wall will be 5m high and designed to attenuate up to 12 dB(A).  

• Dam Excavation and Blasting. Blasting will be programmed for the same 
time each day, between 1700 and 1730. No blasting will be allowed at other 
times. A siren will be sounded 15 minutes prior to the blast to warn people. 
As far as possible, the charges will be set so that the blast is away from 
residential areas. The noise can be reduced by 3 to 10 dB(A) by adopting 
millisecond loosening blasting. Smaller charges and detonating fuse will be 
used for the split blasting.  

• Sandstone Processing and Concrete Batching. The noise from these 
activities will be controlled through the use of less noisy plant, reduced 
operating times for noisy equipment, routine maintenance for equipment, 
selecting sites away from noise sensitive areas and using the natural 
attenuation from the topography to help reduce noise propagation, avoid 
working at night, etc.    

• Control of Traffic Noise. Most construction traffic will use the sandstone road 
section to the lower reservoir and auxiliary dam 2nd section of upper 
reservoir.  Actions taken to reduce traffic noise will include:  

 Traffic management measures  
 Place staff at busy sections of the roads to monitor activities 
 Maintain lower speeds [30 km/hr on the roads and 10 to 20 km/hr 

within the construction site] 
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 Prohibit the use of the horn 
 Ensure that vehicles and roads are well maintained  
 Forbid construction traffic at night 
 Compensate affected residents  

 
10.2.9 Environmental Protection Measures for Resettlement 

 
835. Proposals for mitigation and compensation for the persons affected by resettlement and 
a social development plan are described in detail in the Resettlement Plan and the Social 
Impact Report. A summary of the main provisions are provided in Appendix I. The following 
sections focus on the environmental protection measures associated with resettlement. 
 
836. Ecological Environmental Protection in the Resettlement Areas. An environmental 
education programme will be carried out among the persons to be resettled, to inform people 
about the need to protect the environment, rare and endangered animals, the prohibition of 
hunting, the need to minimise vegetation clearance, and mobilise affected persons to create 
yard gardens and plants trees around their new homes.  
 
837. Health of the Persons to be Resettled. Two lines of action will be undertaken to protect 
the health of resettlers: 
 

• Protection of drinking water sources. The area around existing wells will be 
signposted and fenced off, and activities that can result in the contamination of 
groundwater will be prohibited, for example, location of houses and latrines within 
30 m of the well; storage of garbage, excrement and animal wastes; washing of 
clothes and other dirty accoutrements, and water  livestock within 5 m. New wells 
will be cleaned and disinfected with chlorine. Centralised storage reservoirs for 
drinking water will be kept clean with no sources of pollution, such as toilets, 
cesspits, and rubbish heaps, within 100 m.    

• Prevention of epidemics. Affected persons will be offered health checks prior to, 
during, and after the construction period. A public health education programme 
will be undertaken to inform villagers about the causes of ill health from poor 
hygiene and simple measures for disease prevention. A health planning and 
management programme will be conducted. A pest control programme to 
eradicate disease vectors will be undertaken.   
 
10.2.10 Solid Waste Treatment 

 
838. Two areas of solid waste treatment have been considered: 
 

• River Bed Sediments. Dredging is required to increase the draft for vessels and 
to obtain aggregate for construction. Excess material needs to be tested prior to 
final disposal. Contaminated spoil can be mixed with clear spoil to reduce overall 
concentrations of heavy metals or bioremediation can be used to reduce heavy 
metal concentrations in the spoil.  

• Construction/Domestic Garbage. The daily generation of solid waste from the 
peak construction force of 1500 is estimated to be 1.5t and 2,190t for the whole 
construction period. The inert construction materials will be disposed of to one of 
two spoil disposal sites close the barrage site. All domestic and commercial 
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garbage will be disposed of at the Municipal waste at Maotang in Hangnang 
County.   
 
10.2.11 Public Health Protection Related to the Construction Site 

 
839. Various activities will be undertaken to control public and environmental health. 
   

• Pest eradication. Pest control programmes will be undertaken to eradicate pests 
such as rodents, mosquitoes and flies at construction sites. 

• Hygienic cleaning. Pollution sites in the reservoir area will be cleaned and where 
necessary disinfected.   

• Health checks for the construction workforce. The Contractors will be responsible 
for ensuring that the workforce are given health checks (a physical health check) 
and where necessary medicine / vaccinations.  

• Public health education. The Contractors will be responsible for providing training 
on health matters. 

• Health and safety of the workforce and passers-by.  
 The Contractors will be required to prepare and implement Health and 

Safety Plans.  
 Contract provisions to ensure that construction camp facilities are 

properly sited and preparation of Construction Camp Management Plan. 
 There will be restrictions on construction workers using community 

facilities in the area. 
 There will be awareness building among the local community, including 

information on HIV/AIDs 
 Traffic laws will be enforced. 

 
840. Physical Cultural Resources The Contractors will prepare Cultural Heritage 
Management Plans to manage any sites that may be encountered during construction. If a 
historical, cultural, or archaeological relic is encountered during construction, all construction 
activities will halt and the established action plan will be implemented, including notification of 
the appropriate authorities. Work will recommence only after appropriate measures have been 
taken as requested by the appropriate authorities and confirmation is received that work may 
resume. 
 

10.3 Environmental Monitoring  
 

841. The environmental monitoring framework for the Project is summarised in Appendix I. 
Environmental monitoring programmes have been devised for the following: 
 

• Construction period. 
 Wastewater quality from the excavations for the foundations; sand 

washing; concrete mixing; and domestic sewage treatment plant. 
 River water quality: upstream and downstream of the dam site.  
 Air quality: quarterly monitoring at three sites near villages.  
 Noise: monitoring at sensitive locations around the Tugutang Dam site on 

one day a month over 12 occasions. 
 Terrestrial Ecosystems: Vegetation cover and crops at and around 

construction sites. 
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 Population health: Health checks on 10% of the construction workforce 
followed by quarterly reporting on infectious diseases. 

 Soil and water conservation. Monitoring in the wet season. 
 

• Operation period 
 Wastewater arising from domestic sewage at the offices of the Tugutang 

Complex and ports. 
 River water quality: at four locations in the Tugutang reach.  
 Sediments: heavy metals in the river bed sediments Tugutang reach.  
 Aquatic ecology: monitoring hydrologic and hydrodynamic characteristics 

of the flow; plankton, benthos and fisheries. 
 Terrestrial ecosystems: Three monitoring campaigns pre-construction, 

and two after construction, in the spring and the autumn at selected sites 
around the reservoir.  

 Population Health. General survey of the health of the population in the 
reservoir and resettlement areas.  

 Soil and Water Conservation. Monitoring on success of vegetation 
recovery and replacement of failed planting areas.   
 

842. The following additional environmental monitoring programmes will be implemented (in 
consultation with XNCD) during the construction period:  
 

• Concentrations of heavy metals in the dredged spoil prior to disposal. Heavily 
contaminated spoils should then be mixed with clean spoil to reduce 
concentrations prior to final placement in the spoil disposal site.   

• Fish migrations during the spawning season and the collection of floating fish 
eggs up stream of the Tugutang barrage site. The proposals for monitoring 
during operation by comparison are very extensive. 

• The noise monitoring programme will be expanded to include (a) noise 
monitoring during specific construction activities to characterise the noise levels, 
and (b) following complaints by local communities.  
 

843. If there is a delay of more than two years between the baseline monitoring undertaken 
for the EIA and the start of construction, it is recommended that the XNCD appoints an 
Environmental Monitoring Company to repeat the baseline surveys.  
 
844. The locations for baseline and construction monitoring may be determined in 
consultation with the XNCD, the local government environmental inspectors and the Supervising 
Environmental Engineer. Contingency provisions will be included for additional air and water 
quality, as well as noise monitoring at the request of the SE/XNCD if warranted by events. 
 

10.4 Implementation 
 
10.4.1 Institutional Arrangements 

 
845. Key organizations involved in environmental management of the project are as follows: 
 

• The Hunan Province Ministry of Transport (HPMOT) will be the executing 
agency (EA) for the Project. The HPMOT will have overall responsibility for 
ensuring that the project is implemented in accordance with the Loan Agreement 
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with ADB, national legislation, the detailed design, and the Environmental Impact 
Assessment Report. The EA will report to the ADB. 

• Xiangjiang Navigation and Construction Development Corporation Ltd 
(XNCD) is the Implementing Agency (IA) for the Project. The XNCD will have 
responsibility for implementing all aspects of the project including environmental 
management. The XNCD is an independent company, dependent on the 
HPDOT. XNCD will report to the HPDOT on the implementation of this project. 
XNCD will set up an autonomous entity to manage the construction of the 
Tugutang Barrage. This entity will include a construction division and a reservoir 
division. The construction division will include staff responsible for environmental 
management while the reservoir division will deal with all the resettlement issues.  

• For the purposes of the ADB Loan, it is normal to set up a Project 
Implementation Unit (PIU) within the IA. For the Tugutang Project, the PIU for 
environmental management may be considered to form part of the construction 
division. The PIU will have on-site offices at Tugutang Barrage and in Hengyang 
City. The environmental PIU will be responsible for all environmental 
management issues, including the appointment of the environmental design 
institutes, the environmental supervising engineer, and the environmental 
monitoring company. It is envisaged that the PIU will ensure that the 
consolidated EMP provided by the PPTA Consultants is translated into Chinese 
and form part of the contract documents.  

• The Environmental Design Institute. XNCD will appoint an Environmental 
Design Institute to develop detailed design for all environmental mitigation 
measures, prepare the environmental clauses in the contract documents, and 
specifications for environmental monitoring programmes. The Design Institute is 
likely to be the HydroChina Zhongnan Engineering Corporation, which was 
responsible for the preparation of the national EIA.  

• The Construction Supervision Company (CSC). XNCD will have responsibility 
for engineering and environmental supervision. The overall responsibility of the 
CSC will be to ensure that the Contractors comply with the environmental 
clauses in the contract documents and the Contractors own EMPs, in order to 
control construction-related adverse impacts. The CSC will be based at the 
Tugutang Barrage construction site.  

• The Environmental Monitoring Companies. XNCD will appoint one or more 
environmental monitoring companies. The environmental monitoring may be 
supervised by the environmental Design Institute, with specialist monitoring tasks 
being undertaken by the Fisheries Institute, the Hunan Province Environmental 
Monitoring Centre, which undertook some of the baseline studies for water 
quality, soils, air and noise, and health monitoring institutes.  

• Environment Verifier. Through HPDOT, XNCD will submit the semi-annual 
environment report to ADB supported by the Environmental Monitoring Company. 
XNCD will hire a domestic environmental specialist to verify the monitoring 
information in the report. Also the environmental specialist will visit the site to 
ensure the EMP implementation. The verifier’s report including the review activity 
outline, review results, and its recommendations will be attached to the semi-
annual environment report.  

• The Contractors. The Main Contractors will be appointed via a specially 
convened committee, with nine members including XNCD. The bids will be 
evaluated on various criteria, including environmental management. With 
regards to environmental management, the Contractors will each be required to 
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prepare their own EMP in compliance with the environmental clauses in the 
contract documents, to control on site all the construction-related adverse 
environmental impacts, and provide benefits such as opportunities for 
employment among affected persons. 
  
10.4.2 Roles And Responsibilities Of Key Organisations 

 
 

846. XNCD PIU. During project preparation, construction, commissioning, and operation, the 
specific tasks of the PIU include:  
 

• Ensure compliance with all international, national and local legislation, and the 
ADB environmental loan conditions. 

• Adoption of the PPTA consolidated EMP.  
• Appointment of the Design Institute to prepare the detailed EMP to be based on 

the PPTA consolidated EMP and the environmental clauses to be incorporated 
into the contract documents.  

• Review of the tenders submitted by the construction companies and in particular 
review of the adequacy of EMPs submitted by the tenderers. 

• Review of the Contractors’ Environmental Management Plans (CEMPs) to 
ensure compliance with ADB’s and XNCD’s requirements, and overall 
supervision to ensure that the CEMP is being implemented throughout the 
construction period.  

• Overall responsibility for the inspection and management of annual expenditure 
on environmental management.  

• Implementation of all environmental and social mitigation measures and 
environmental monitoring programmes related to the engineering works and 
resettlement activities. 

• Assistance in setting up the Tugutang Branch of the EPB, and ongoing liaison 
with the EPB at the Tugutang Branch, Hengyang City and Province levels.  

• Ongoing liaison with other government bodies with responsibility for 
environmental protection, management, and resettlement, including such the 
Water Bureau, the Fisheries Bureau, and Resettlement Bureau 

• Responsibility for managing the cleanup and reporting of any environmental 
accidents and pollution events that occur. The cleanup of major events would be 
directed by the Hunan Maritime Administration Bureau (HMAB).  

• Drafting of monthly, quarterly and annual environmental reports, with submission 
of the quarterly and annual reports to the ADB for the duration of the loan.   

• Management and implementation of information dissemination, environmental 
education and training for communities and affected persons, and the 
preparation and dissemination of publicity material.  

• Management of the Grievance Redress Mechanism (GRM).  
 

During operation 
• Ensure compliance with national and local government policy and law. 
• Ensure implementation of all the environmental protection measures and 

monitoring programmes identified for the operations phase. 
• Routine inspection of the Tugutang barrage, the ports, the resettlement villages 

and the general environment around the reservoir. 
• Ongoing liaison with the relevant government bodies. 
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• Co-operation with the other companies that manage the other barrages to effect 
integrated management of the cascade system to meet environmental and social 
objectives.  

• Ongoing dissemination of information about the scheme and management of the 
GRM. 
 

847. The Environmental Supervising Engineer.  The Environmental Supervision Engineer 
(EnvSE) will be hired by the construction supervision company, contract but will act 
independently to supervise environmental protection. The duties of the EnvSE are as follows.  
  

• Review of the Contractors’ EMPs prior to the start of construction and 
recommendation of improvements and modifications to the EMP.  

• Supervision of the implementation of all aspects of the Contractors’ EMPs 
throughout the contract period, from site preparation to site restoration and 
demobilization. Direct the Contractors as required to take corrective actions or 
improvements to ensure compliance with the XNCD’s and the Contractors’ 
EMPs.   

• Undertake a programme of regular inspections on a daily, weekly, or monthly 
basis, to verify compliance by the Contractors of their environmental 
management plan. Inform the Contractors of actions required to address 
construction-related environmental problems. Take photographs and notes to 
record non-compliances and the remedial actions taken by the Contractors. 

• Report monthly on the implementation of the Contractors’ EMPs to the XNCD 
PIU, based on their observations during environmental inspections.  

• At the end of the contract, attend the final environmental construction inspection 
and prepare a final report describing the environmental management procedures 
that were implemented and their efficacy, problems encountered and lessons 
learnt, and provide an overall assessment of the environmental impact of 
construction activities.  
 

Specific tasks  
• Prepare the Environmental Supervision Plan and identify the key areas for 

reporting.  
• Supervise the Contractors to prevent and reduce pollution caused by 

construction, damages to vegetation and wildlife, and forest fires. 
• Supervise and inspect the environmental protection measures implemented by 

the Contractors and assess the efficacy of these measures. 
• Routinely inspect borrow pits, spoil disposal sites, all types of treatment plants 

and restoration works, to ensure that pollution prevention and land restoration 
measures are being implemented appropriately. This includes ensuring minimal 
vegetation removal, slope stability for borrow pits and spoil sites and the 
restoration by planting of temporary construction sites. 

• Supervise the environmental monitoring programmes being undertaken by the 
Environmental Monitoring Company, including inspection of monitoring activities, 
review of the environmental reports, and advise on remedial actions to reduce 
the environmental impacts. Environmental monitoring covers water quality, air, 
noise, and soils/land. [NB: If the EnvSE is not suitably qualified, the supervision 
of the environmental monitoring programmes should be directed to XNCD or the 
environmental Design Institute.] 
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848. The Contractor. The contract documents will include environmental protection clauses, 
to which the Contractors must abide. The Contractors must prepare and implement their own 
EMP, which must be compliant with the requirements of the contract documents and XNCD’s 
requirements for environmental management during construction. To meet this requirement the 
Contractors will appoint an Environmental Manager to oversee this task and who will 
communicate closely with the EnvSE. The key environmental management tasks for the 
Contractors are to: 
 

• Prepare an initial EMP, and update it every year or when there are material 
changes in the requirements for environmental management. 

• Implement all the environmental mitigation measures that are the responsibility of 
the Contractor. 

• Routinely inspect the construction site and the implementation of mitigation 
measures, including built facilities, to ensure that they are effective in the control 
of adverse impacts.  

• When environmental impacts occur, following complaints from farmers, or as 
directed by the EnvSE, to take corrective measures to address environmental 
problems and clean up.  

• Maintain records of the monies spent on environmental management.  
• Report monthly to the EnvSE and XNCD PIU on the implementation of their own 

EMP. 
  

849. The Contractors’ EMPs will include: a statement on their environmental policy; 
information on the roles and responsibilities of environmental management staff; method 
statements, procedures and plans to protection the environment and prevent pollution; 
environmental training; a process for auditing and corrective actions; and a process for 
management review.  
 

10.4.3 Environmental Clauses in the Contract Documents 
 

850. The contract documents will include general and specific requirements for environmental 
management and mitigation measures. These will include: 
 

• General provisions for environmental protection and the prevention of pollution. 
• Specific provisions for environmental protection and the prevention of pollution, 

to include the requirements for specific environmental management plans to be 
prepared and implemented. The Specific provisions must include all the 
mitigation measures identified in the PPTA’s consolidated EIA report and EMP 
that are the responsibility of the Contractors to implement. 

• The requirement for all environmental protection measures to be included in the 
bid price. 

• The requirement for the preparation and implementation of a Health and Safety 
Plan to protect the workforce and local communities. 
 

851. The specific Environmental Management Plans will include:  
 

• Site Drainage and Soil Erosion Management Plan will include measures to be 
taken during earthworks to avoid/mitigate erosion from bare slopes, stockpiling, 
and access roads. Particular attention will be paid to the preparation and 
protection of construction sites prior to the wet season.  
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• Aggregate/Borrow Pits Management Plan will describe work activities, 
technology, potential environmental impacts, and mitigation measures for 
aggregate/borrow pits. It will specify that borrow pits and quarries should not be 
located in a protected area. Contractors will ensure that (i) borrow areas will not 
be located in environmentally sensitive areas, (ii) after use borrow pit areas will 
be graded to ensure drainage and visual uniformity, (iii) borrow pit restoration will 
follow the completion of works in full compliance with all applicable standards 
and specifications, and (vi) topsoil from the opening of borrow pits will be saved 
and used to re-vegetate the pits. 

• Dredging Management Plan will set out the procedures to minimise the creation 
of a sediment plume around dredging activities, which could lead to the re-
suspension of heavy metals in the water column.  

• Spill Management Plan will document the specific requirements, protocols, 
responsibilities, and materials necessary to implement an emergency spill 
response during the first few hours of an incident. 

• Noise Control  Plan will set out the legal requirements for noise emissions for 
plant and ambient noise levels; procedures to control noise; specific mitigation 
measures; ppe requirements for staff; and a community awareness programme.   

• Air Quality Management Plan will set out the legal requirements for air quality; 
control procedures to be implemented on site; and workers’ rights for ppe and the 
provision of ppe.  

• Construction Camp Management Plan will propose preventive/mitigation 
measures for environmental impacts of construction camp and construction yard, 
including fuel storage, fuel filling station, vehicle washing sites, traffic 
management, air quality control, noise control, wastewater collection and 
treatment, drinking water supply, food preparation facilities, and accommodation 
quarters.  

• Environmental Education Programme for construction workers will set out a 
programme of training sessions to include: the importance of protecting the 
environment; environmentally sensitive sites in the study area; prohibited actions 
such as hunting and fishing, and the penalties to be taken against staff; ill health 
including STIs; and site rules for personal behaviour, including liaison with local 
communities.  

• Solid Waste Management Plan for operation of the Contractors’ construction 
camp will provide procedures for management of hazardous and non-hazardous 
solid waste, evaluate the type and quantities of waste matter, as well as detail 
arrangements for storage, transportation and final disposal of the waste. 

• Reinstatement / Revegetation Management Plan will include details of 
revegetation, stabilization of riverbanks and embankments to prevent erosion, 
planting trees and other environmental enhancement measures. 

• Cultural Heritage Management Plan will deal with archaeological sites that 
might be discovered during construction and will be prepared by the Contractor. It 
will contain emergency measures to be adopted in the event of unexpected 
discoveries, on-site training of construction staff in relation to cultural heritage, 
and communication procedures for response to cultural heritage issues.  

• Health and Safety Management Plan, which will outline measures for 
occupational health and safety and community health and safety. This will include 
plans for responding to accidents and emergency situations. 
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10.4.4 Implementation Programme 
 

852. A generalised implementation schedule for the project environmental management plan 
is summarised in Table 10.2 below and a detailed implementation schedule for specific 
mitigation measures is presented in Appendix I.  
 

Table 10.2: Environmental Mitigation and Monitoring Schedule 
Phase Issue Schedule 

Mobilization/ Pre- 
construction  

Training for PIU to be completed before the beginning of mobilization 
phase  1 time 

During the 
mobilization phase  

SE to review and approve the Contractors’ Environmental Management 
Plans and method statements and forward to the PIU for approval  1 time  

During construction  Mitigation and monitoring of the water environment, fisheries, terrestrial 
ecology, air and noise quality, and population health  

see EMP and 
monitoring plan  

During construction  

Reporting:  
Contractors to SE  
SE to PIU/XNCD 
PIU/XNCD to ADB (through HPMOT) 

 
weekly/monthly   
monthly 
quarterly  

During operation  
Mitigation, monitoring of the water environment, river bed sediments, 
aquatic ecosystems, terrestrial ecosystems, population health, and soil 
and water conservation 

Regularly according 
to monitoring 
program  

 
10.4.5 Reporting 
  

853. The Contractors and the EnvSE will submit monthly progress reports to the XNCD PIU. 
The environmental monitoring companies will report directly to the XNCD within one month of 
completing each field campaign. For major environmental monitoring programmes, such as 
water quality and aquatic ecology, the environmental monitoring company will also prepare 
annual reports summarising the activities that have taken place and the main findings of the 
studies. 
  
854. The XNCD will be responsible for quarterly and annual reporting to the HPMOT and ADB 
on the implementation of the EMP. The first environment report will be prepared just after 
detailed design completion and report on the update of the EMP, the actual implementation 
arrangements for the Project, and detailed environmental monitoring plan. The Verifier will 
check the monitoring results before the PIU submit the report. 
 

10.5 Costs of Implementing the Environmental Management Plan 
 

855. The investment required for environmental protection is based on the principle of 
“polluter / developer pays” and “function recovery” whereby the mitigation measures seek to 
recover at least the function of the affected environment. The costs are based on the relevant 
standards and price indexes in the Province of Hunan.  
  
856. Environmental costs comprise four components: the engineering cost of the mitigation or 
monitoring measure, the independent cost, the basic reserve cost and the spread reserve cost.  
The engineering cost is divided into two parts, the cost of complex structures and the costs of 
resettlement areas. 
  
857. During the construction and operation phases, a number of mitigation and monitoring 
measures have to be implemented to ensure environmental management and protection. These 
are listed below, with a summary of in Table 10.3 and a detailed breakdown in Appendix I. The 
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total estimated investment in environmental protection is RMB 78.4 million. The EMP also 
includes a further RMB 28.61 million for soil and water conservation (see Table 10.4).  
 

Table 10.3: Environmental Protection Costs 
No. Item 104 Yuan 

I Complex Engineering Area 5989.57

1 Water Environment Protection 2038.27

1.1 Water Treatment Measures during Construction Period 881.35

1.1.1 Treatment of Excavation Wastewater 28

1.1.2 Wastewater Treatment for Aggregate Processing System 508.6

1.1.3 Wastewater Treatment for Concrete Batching System 44.85

1.1.4 Treatment of Oily Wastewater 48

1.1.5 Treatment of Domestic Sewage 251.9

1.2 Water Treatment Measures for Docks 131.92

1.2.1 Oily Wastewater, Flush Wastewater 75.22

1.2.2 Domestic Sewage 56.7

1.3 Other Water Environment Protection Measures 1025

1.3.1 Reservoir Cleaning 0

1.3.2 Downstream Warning System 25

1.3.3 Risk Compensation for Domestic Water Taking 0

1.3.4 Refining Device for Downstream Water Plant 1000

2 Protection of Aquatic Organism 2040

2.1 Proliferation and Releasing 1500

2.2 Habitat Protection 60

2.3 Fishpass Facility 0

2.4 Technical Research 480

3 Protection of Terrestrial Organism 1297.9

3.1 Re-vegetation of  Construction Area 0

3.2 Ex-situ Conservation of Reservoir vegetation and Forest Category Planning 25

3.3 Propaganda and Education 7.2

3.4 Rescue Measures before Impounding 10

3.5 Landscape Works in  Complex Area 1255.7

4 Atmospheric Environmental Protection Measures 62

4.1 Protective Facial Mask for Construction Workers 0

4.2 Spraying System for Aggregates 0

4.4 Watering and Dustfall in Construction Area 50

4.5 Covering Straw Bags 12

5 Protection of Sound Environment 63.8
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No. Item 104 Yuan 

5.1 Warning Sign 0.5

5.2 Personal Protection 0

5.3 Sound-proof Wall 57.8
5.4 Protection Measures for Other Sensitive Points 5.5
6 Treatment of Solid Waste 146.4

6.1 Treatment of Riverbed Dredging Mud 44.3
6.2 Treatment of Domestic Garbage 102.1

7 Population Health Protection 51

8 Environment Monitoring Works 290.2

8.1 Environment Monitoring during Construction Period 113.6

8.2 Environment Monitoring During Operation Period 94.6

8.3 Infill Monitoring of Water Plant 82

II Resettlement Area 56.6

1 Water Environment Protection Works 8.5
2 Protection of Terrestrial Organism 1.5
3 Population Health Protection 26.1

4 Environment Monitoring Works 20.5

III Independent Fees 548.61

1 Project Construction Management Fee 201.68

1.1 Overhead Charges of Environment Management Staff 150.02

1.2 Completion Acceptance Charges of Environment Protection Facilities 30.00

2 Environment Supervision Charges 120.00

3 Scientific Investigation and Design Fees 217.95
3.1 Environmental Protection Research and Test Fees 29.95

3.2 Environmental Protection Survey and Design Fees 188.00
4 Construction Quality Supervision Fees 8.98
IV Basic Contingency 329.74
V Total Investment on Environment Protection 6924.52
 Transmission Line and other Contingencies 915.48
 Total 7840.00
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Table 10.4: Soil and Water Conservation Costs (104 Yuan) 

No. Item Installation 
Engineering 

Plant Measures  
Independent 

Cost 
Total 

Investment Planting 
Cost 

Nursery 
Stock Cost 

       

I 
Section I 

 Engineering Measures 
        854.21  

1 Complex Engineering Area 19.11        19.11  
2 External Access Area 45.23        45.23  
3 Stone Material Yard 24.00        24.00  
5 Disposal Area 126.45        126.45  
6 In-situ Road Area 75.91      75.91  

7 
Area for Construction Aiding-
units 

18.49        18.49  

8 Construction Living Quarter 9.77        9.77  

9 
Resettlement and Relocation 
Engineering Area 

13.74        13.74  

10 
Kiloton Terminal Engineering 
Area 

8.70        8.70  

11 Reservoir Flooding Area 0.00      0.00  

12 
Kiloton Terminal Engineering 
Area 

9.55        9.55  

13 
Area for Special Facility 
Reconstruction 

233.98        233.98  

14 Soil Material Yard 269.28      269.28  
15 Reclamation Engineering Area 0.00      0.00  

II 
Section II 

 Planting Measures 
        582.96  

1 Complex Engineering Area   5.40  20.71    26.11  
2 External Access Area   3.15  42.92    46.07  
3 Stone Material Yard   2.55  5.56    8.11  
5 Disposal Area  3.01  40.70    43.71  
6 In-situ Road Area  0.74  63.09    63.83  

7 
Area for Construction Aiding-
units 

  0.68  12.19    12.87  

8 Construction Living Quarter  0.13  2.29    2.42  

9 
Resettlement and Relocation 
Engineering Area 

  2.67  62.31    64.98  

10 
Kiloton Terminal Engineering 
Area 

  0.55  15.45    16.00  

11 
Kiloton Terminal Engineering 
Area 

  0.57  19.97    20.54  

12 Soil Material Yard  40.55  42.99    83.54  

13 
Area for Special Facility 
Reconstruction 

  62.19  132.59    194.78  

III 
Section III 

Temporary Works 
        125.91  

1 Stone Material Yard 2.43        2.43  
3 Disposal Area 2.21      2.21  
4 In-situ Road Area 0.72      0.72  
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  Installation Plant Measures Independent Total 
No. Item Engineering Planting Nursery Cost Investment 

   Cost Stock Cost   

5 
Area for Construction Aiding-
units 

0.25        0.25  

6 Construction Living Quarter 0.25        0.25  

7 
Kiloton Terminal Engineering 
Area 

1.40        1.40  

8 Other Temporary Works 12.51        12.51  

9 Reclamation Engineering Area 78.86        78.86  

10 Soil Material Yard 9.82        9.82  

11 
Kiloton Terminal Engineering 
Area 

2.24        2.24  

12 Other Temporary Works 15.22        15.22  

IV 
Section IV  

Independent Cost 
        589.2 

1 Construction Management Fees        30.25 

2 Construction Supervision Fees        192 

3 Survey and Design Fees        70.03 

4 
Monitoring Fees of Water and 
Soil Conservation 

       227.43 

5 Technical Consultancy Fees        9.5 

6 Completion Acceptance Fees        60.00  

V Total of I~IV     2152.28 

VI Basic Contingency         63.04 

VII 
Compensation for Water and 
Soil Conservation Facilities 

        645.40 

VIII 
Total Investment on Water & 

Soil Conservation Works 
        2860.73 
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858. The annual scheduling of the costs for the Environmental Management Plan and soil 
and water conservation programme are presented in Tables 10.5 and 10.6 below.  

Table 10.5: Annual Environmental Protection costs for Tugutang Project 

 Item Investment 
(RBM ‘000) Preparation 

Construction 
Operation

Year 1 Year 2 Year 3 Year 4 

I Dam site construction 6608.99 309.48 223.01 196.20 1615.46 893.39 1061.15 

1 
Water quality 
protection 

2362.89 1239.84 337.04 337.04 329.76 119.21 0.00 

2 Aquatic Ecology 3540.00 0.00 95.00 95.00 1500.0 800.00 1050.0 

3 Terrestrial ecology 82.20 50.89 5.87 3.91 5.87 15.66 0.00 

4 Air quality 84.00 43.19 12.24 12.24 12.24 4.08 0.00 

5 Acoustic Protection 52.30 31.10 21.20 0.00 0.00 0.00 0.00 

6 Solid waste treatment 146.40 68.09 20.88 26.10 26.10 5.22 0.00 

7 Health protection 51.00 39.50 3.79 2.81 2.81 2.10 0.00 

8 
Environmental 
monitoring 

290.20 54.51 56.13 56.13 56.13 56.13 11.15 

II Resettlement sites 52.60 22.20 7.90 0.00 12.30 10.20 0.00 

  

Table 10.6: Annual Investment in Soil Erosion Protection 

No. Item Investment 
(RMB ‘000) 

Construction  
 

Year 1 Year 2 Year 3 Year 4 

I Project measures 1454.17  67.81  339.04  562.47  484.86   

II  Planting 579.33  49.70  248.51  99.40  99.40   

III Temporary works 147.38  4.12  20.61  66.63  56.02   

IV Independent cost 493.28  12.15  103.64  180.56  196.93  60.00 

Total 2674.16  133.78  711.79  909.06  837.21  60.00 

Base preparation cost 160.45  8.03  42.71  54.54  50.23    

Facility compensation cost of SWC 640.87  640.87          

Total cost 3475.48  782.68  754.50  963.60  887.44  60.00 
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10.6 Capacity Building 
 

859. XNCD comprises a General Directorate overseeing eight departments covering Finance, 
Planning, Human Resources, Project Management, Technical Safety, Reservoir, Labour, and 
Administration. In addition XNCD has set up three autonomous divisions, one for each barrage 
complex, Dayuandu, Zhuzhou and Tugutang which operate independently but draw upon 
services from the eight general departments. All three Project Divisions are divided into five 
departments, Administration, Construction, Machinery, Contracts and Reservoir. The 
Construction Department has five roles: the Director, Deputy Director, Environmentalist, 
Contracts Manager and Administrator. The Reservoir Department has five roles, including one 
environmentalist and two resettlement staff. 
  
860. XNCD has recently recalled staff from Dayuando and Zhuzhou Barrages to staff the 
Tugutang project. Consequently, all the appointees to cover environmental management will 
have several years of experience in the construction and operation of this type of project. All 
appointees are likely to be civil or structural engineers by profession, and conversant with the 
environmental management of construction sites.  
 
861. The person responsible for environmental management for the Project is the Deputy 
Director of the Construction Department. He previously was responsible for environmental 
management for the Zhuzhou Barrage Complex. The two Environmentalists for the Construction 
and Reservoir Departments are currently not appointed. The two resettlement staff in the 
Reservoir cover the resettlement issues for the whole project.  
 
862. The appointment of three staff experienced in environmental management on previous 
barrage schemes is considered to be more than adequate for the Project. Similarly the two 
resettlement staff have more than ten years of experience on barrage development schemes.  
 
863. XNCD contracts out various environmental services:  
 

• Hydrochina Zhongnan Engineering Corporation – environmental impact 
assessment, the design of mitigation and monitoring programmes, the 
preparation of environmental clauses in the Construction tenders, and contracts 
for environmental supervision and monitoring.   

• Hunan Environmental Protection Bureau / Environmental Monitoring Centre – 
monitoring of air quality, noise, surface water quality and wastewater quality 
during construction  

• Environmental Supervision Engineer during construction responsible for ensuring 
that the environmental clauses in the contract documents are met – not yet 
appointed. 
 

864. Consequently, XNCD has access to environmental specialists to provide advice on 
environmental issues which are outside their own areas of expertise.  
 
865. The two main environmental problems of this project are (a) the design, operation, and 
monitoring and evaluation of the fish pass, and (b) potential impacts of dredging, especially 
contaminated sediments, on downstream water quality, fisheries and spawning sites, and intake 
works for drinking water supply plants. XNCD does not have technical expertise in these areas 
and has to subcontract out the design of the fish pass to an appropriate Design Institute and the 
dredging works to directly Dredging Contractors or indirectly to sand suppliers.  
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866. The level of experience in the successful design of fish passes in China is reported to be 
poor. Furthermore, the success of fish passes in other parts of the world has been found to 
depend heavily on an understanding of the ecology of the specific species of fish that would be 
expected to use the fish pass. XNCD is investing in research to develop a suitable fish pass. 
Despite subcontracting out the design of the fish pass to a respected national design institute, 
there is still a lack of national technical capacity and scope for building national experience 
through the exchange of information with the designers of fish passes in other parts of the 
world.   

 
867. In the last decade, there have been advances in the control of dredging works in heavily 
polluted rivers. It is international best practise for the Employer to take responsibility for 
controlling environmental impacts relating to all aspects of the project. In the case of dredging, 
the Employer should set out environmental standards in the dredging contract, or if they plan to 
buy the aggregate from a supplier, to take steps to ensure that all members of their Supply 
Chain take appropriate action to mitigate the impact of their activities on the environment. To 
that end, XNCD will be aware of international best practice on dredging in heavily polluted rivers 
and to be competent to include the necessary environmental protection clauses in their 
contracts with sand suppliers and dredging companies.  

 
868. Technical Assistance. It is recommended that technical assistance is provided in two 
areas, (a) the technical assistance from international experts in fisheries and (b) dredging in 
heavily polluted rivers.  

 
• Appointment of an international expert in fisheries (12 months): 

 
 To review the fisheries problem in the Xiangjiang River, including the 

reasons for the collapse of migratory fisheries, the problems associated 
with the downstream barrages, and the scope of work required to restore 
the migratory routes from Lake Dongting to at least the Tugutang reach of 
the Xiangjiang River.  

 To advise on the research programmes to design the fish pass at 
Tugutang and contribute to the design process. 

 To prepare international training on the protection of rivers for migratory 
fish, the design of fish passes, and monitoring and evaluation. 

 To assist in the evaluation and monitoring of migratory fish over the 
construction period. 
 

• Appointment of an international expert in dredging (6 months): 
  

 To review current dredging practice on the Xiangjiang River. 
 To advise on the general and specific clauses for dredging contracts, to 

include requirements for environmental management and setting of water 
quality standards. 

 To prepare international training on international best practice on dredging 
for heavily polluted rivers. 

 To provide training to XNCD on the supervision of dredging contractors. 
 

869. International training (two weeks) for members of staff from XNCD, the fisheries design 
institute, and dredging companies on (a) international best practice approach to the protection of 
migratory fishing rivers, and (b) international best practice approach to the control of dredging 
on heavily polluted rivers.   
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11. CONCLUSIONS 
 
870. The Tugutang barrage is the fourth (moving upstream from Yangtze River) in a cascade 
of nine barrages on the Xiangjiang River. Four complexes, upstream of the Tugutang site, have 
already been constructed or are under construction, with a fifth planned. Previous studies have 
found that the cascade has led to both beneficial and adverse impacts. The most significant 
cumulative impacts to date are: (i) severe heavy metal contamination of soil, sediment, and 
water in the Xiangjiang River Basin due to mining and industrial pollution; and (ii) a marked 
decline in migratory fish, including the four Chinese carp, which a food fish, due the construction 
of the existing barrages. 
 
871. Special Plan for Heavy Metal Pollution Control in the Xiangjiang River Basin (2010-
2015). Past Hunan Provincial Government efforts to control pollution concentrate on reduces 
discharges of domestic water and sewage disposal. However, the focus is now on reducing 
heavy metal pollution. The Special Plan for Heavy Metal Pollution Control in the Xiangjiang 
River Basin (2011–2015) has been prepared by the Hunan Development and Reform 
Commission and Hunan Environmental Protection Bureau. The plan identifies the overall 
objectives and indexes for heavy metal pollution control in the Xiangjiang River basin, and 
identifies the main activities for heavy metal treatment. According to preliminary estimates, there 
are some 441 planned projects, requiring a total investment of RMB 53 billion. Of these, 180 
projects are located in Hengyang Municipality, accounting for 40.8% of the projects for the 
whole province, with a total investment of RMB 16 billion or 29.7% of the total investment 
proposed. 
 
872. Fish Passes for Existing Barrages. The Hunan Provincial Government has given 
assurance that fish passes and fish enhancement measures will implemented at each of the 
four downstream navigation hydropower complexes. Once implemented and proven to be 
effective, the fish passes and enhancement measures will restore the migratory fish populations 
in middle and lower reaches of the Xiangjiang River. 
 

11.1 Project Level Impacts 
 
873. Physical Resources. The major anticipated direct (D) and indirect (I) environmental 
impacts of the Project on the physical resources during the construction (C) and operational (O) 
phases of the Tugutang complex and correspondent mitigation measures are:  
 

(i) Negative 
• Hydrology: conversion of c50 km of river to deeper, slower flowing 

reservoir (D, O).  
Mitigation: none 

• Water quality: risk of pollution from wastewater discharges and accidental 
spillages during construction (D, C) 
Mitigation: investment in wastewater treatment at construction sites and 
implementation of Construction Camp Environmental Management Plan 

• Water quality: pollution from wastewater from Tugutang complex and 
ships (D, O) 
Mitigation: wastewater treatment works at offices and controls on 
wastewater and solid waste disposal from shipping 

• River bed sediments: risk of heavy metals in suspended sediments 
causing pollution in downstream water intake works (D, C) 
Mitigation: control re-suspension of sediments using coffer dams and 
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through controls on dredging activity 
• Groundwater: raise groundwater levels around the reservoir and 

potentially create waterlogging over c136hm2 
Mitigation: none 

• Slope instability: instability of flood banks along reservoir 
embankments (D, O) 
Mitigation: Emergency repairs to unstable sections and maintain 
watching brief  

• Soil: Erosion in and around construction sites (D, C).  
Mitigation: implement soil and water conservation measures; 

• Air quality and noise: construction nuisance for workers and 
residents (D, C).  
Mitigation: control of noise and dust during construction.  

 
(ii) Positive 

• Water Quality: Potential to reduce pollution concentrations due to 
dilution in larger water body (D, O)  
 

874. Ecological Resources. The major anticipated direct (D) and indirect (I) environmental 
impacts on ecological resources during the construction (C) and operational (O) phases of the 
Tugutang complex and correspondent mitigation measures are: 
 

(i) Negative 
• Fisheries: Barrier effect of barrage for migratory fish, disturbance 

during construction, changes in aquatic hydrology, loss of habitat 
for many species including rare and endangered ones, loss of 
spawning grounds, severance from overwintering grounds in 
Dongting Lake (D, C, O). Mitigation: fish pass, new hatchery and 
20 year artificial release programme, protection of important fish 
habitats, strengthening of fish administration, research 
programme, and limit construction works during migration 
season. 
 

• Terrestrial Ecology: Conversion of small areas of terrestrial 
habitat to aquatic, and loss of habitat for flora and fauna. 
Mitigation: Programme works to avoid seasonal constraints, 
community awareness on ecology and nature conservation and 
vegetation replanting programme.   

 
(ii) Positive 

• Fisheries: Potential to increase fish biomass in reservoir area 
due to large water body (D, O). 
 

875. The Project is not located in or close to any environmentally protected areas, although 
the area does support species of flora and fauna that are protected and the Xiangjiang River 
flows into the Dongting Lake which is a Ramsar site and Important Bird Area. The main impact 
on terrestrial flora and fauna is related to relatively small changes in habitat type from terrestrial 
to aquatic. 
 
876. Socioeconomic Resources. The major anticipated direct (D) and indirect (I) 
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environmental impacts on socio-economic resources during the construction and operational 
phases are: 
 

(i) Negative 
• Affected persons: resettlement of c139 households, direct land-

take from 2216 persons, impacts in 94 villages, and 
redistribution of land affecting c16,872 persons in all affected 
villages, and loss of income.  
Mitigation: Comprehensive compensation and entitlement 
package. 

• Employment: loss of employment at three hydropower stations 
(D, O). 
Mitigation: Comprehensive compensation and entitlement 
package including livelihoods restoration programme. 

• Loss of assets: loss of many types of assets due to inundation 
(D, C, O). 
Mitigation: reinstatement of assets 

• HIV/AIDS: medium risk of transmission for large construction 
workforce in an area where HIV/AIDs is known. 
Mitigation: awareness raising among communities and 
workforce, testing if requested. 
 

(ii) Positive 
• Navigation: Improved navigation standard on the river leading to 

increased trade and economic development in the region and its 
hinterland (I, O). 

• Hydropower: improved generation and local distribution of 
hydropower (D, O). 

• Unemployment reduction: through direct employment during 
construction and operation, and through the trickle down effect 
from economic development (D, I, C, O). 
 

877. The Project will impact on relatively large numbers of affected persons in what is 
generally a fairly well off rural area, albeit with a small contingent of poverty villages. The 
mechanisms for resettlement and compensation entitlements are well set out, and there is 
considerable experience both within XNCD and among local government officials in the 
management of the resettlement process. The potential impacts on livelihoods are modified by 
the fact that many of the farmers depend on non-farm income for the greater proportion of their 
income. Furthermore, the project is likely to benefit local communities directly and indirectly. 
  

11.2 Environmental Management Plan 
  

878. A detailed envirommental management plans has been prepared for the project 
Mitigatgion measures have been designed for environmental protection and soil and water 
conservation. Monitoring requirement have been specified both the construction and operation 
periods. The estimated cost for cost for environmental mitigation measures and monitoring is 
RMB78.4 Million (approximately USD12.1 million). An additional RMB28.61 million 
(approximately USD4.4 million) is needed for soil and water conservation works. An additional 
RMB14.4 million (approximately USD2.2 million is budgeted for the fish pass). 
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11.3 Overall Conclusion  
 

879. Assuming effective implementation of the mitigation measures and monitoring 
requirements as outlined in the Environmental Management Plan (Appendix1), the Project is not 
expected to have significant adverse environmental impacts. 
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I. ENVIRONMENTAL MANAGEMENT PLAN 
 
1. Implementation  

 
1. The XNCD Project Implementation Unit (PIU) will ensure that copies of this EMP are 
translated into Chinese and are made part of the contract documents. The Contractors will be 
responsible for preparing a more site specific Environmental Plan (the Contractors’ 
Environmental Management Plan) based on this EMP, prior to the commencement of 
construction activities. The Environmental Supervising Engineer (EnvSE) will be responsible for 
reviewing and approving the Contractors’ EMP as well as ensuring that the Contractors comply 
with its mandates. 
 
2. Before the construction activities commence, the Contractors will prepare and submit 
their own EMP, which will be consistent with the environmental requirements of the contract and 
this consolidated EMP. The contract documents will include general and specific requirements 
for environmental management and mitigation measures. These will include: 
 

(i) General provisions for environmental protection and the prevention of pollution. 
(ii) Specific provisions for environmental protection and the prevention of pollution, 

to include the requirements for specific environmental management plans to be 
prepared and implemented. The specific provisions will include all the mitigation 
measures identified in the PPTA’s consolidated EIA report and EMP that are the 
responsibility of the Contractors to implement. 

(iii) The requirement for all environmental protection measures to be included in the 
bid price. 

(iv) The requirement for the preparation and implementation of a Health and Safety 
Plan to protect the workforce and local communities. 
 

3. The specific Environmental Management Plans will include:  
 

(i) Site Drainage and Soil Erosion Management Plan will include measures to be 
taken during earthworks to avoid/mitigate erosion from bare slopes, stockpiling, 
and access roads. Particular attention will be paid to the preparation and 
protection of construction sites prior to the wet season.  

(ii) Aggregate/Borrow Pits Management Plan will describe work activities, 
technology, potential environmental impacts, and mitigation measures for 
aggregate/borrow pits. It will specify that borrow pits and quarries will not be 
located in a protected area. Contractors will ensure that (i) borrow areas will not 
be located in environmentally sensitive areas, (ii) after use borrow pit areas will 
be graded to ensure drainage and visual uniformity, (iii) borrow pit restoration will 
follow the completion of works in full compliance with all applicable standards 
and specifications, and (vi) topsoil from the opening of borrow pits will be saved 
and used to re-vegetate the pits. 

(iii) Dredging Management Plan will set out the procedures to minimise the creation 
of a sediment plume around dredging activities, which could lead to the re-
suspension of heavy metals in the water column.  

(iv) Spill Management Plan will document the specific requirements, protocols, 
responsibilities, and materials necessary to implement an emergency spill 
response during the first few hours of an incident. 
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(v) Noise Control Plan will set out the legal requirements for noise emissions for 
plant and ambient noise levels; procedures to control noise; specific mitigation 
measures; ppe requirements for staff; and a community awareness programme.   

(vi) Air Quality Management Plan will set out the legal requirements for air quality; 
control procedures to be implemented on site; and workers rights for ppe and the 
provision of ppe.  

(vii) Construction Camp Management Plan will propose preventive/mitigation 
measures for environmental impacts of construction camp and construction yard, 
including fuel storage, fuel filling station, vehicle washing sites, traffic 
management, air quality control, noise control, wastewater collection and 
treatment, drinking water supply, food preparation facilities, and accommodation 
quarters.  

(viii) Environmental Education Programme for construction workers will set out a 
programme of training sessions to include: the importance of protecting the 
environment; environmentally sensitive sites in the study area; prohibited actions 
such as hunting and fishing, and the penalties to be taken against staff; ill health 
including STIs; and site rules for personal behaviour, including liaison with local 
communities.  

(ix) Solid Waste Management Plan for operation of the contractorss construction 
camps will provide procedures for management of hazardous and non hazardous 
solid waste, evaluate the type and quantities of waste matter, as well as detail 
arrangements for storage, transportation and final disposal of the waste. 

(x) Reinstatement / Revegetation Management Plan will include details of 
revegetation, stabilization of riverbanks and embankments to prevent erosion, 
planting trees and other environmental enhancement measures. 

(xi) Cultural Heritage Management Plan will deal with archaeological sites that might 
be discovered during construction and will be prepared by the Contractors. It will 
contain emergency measures to be adopted in the event of unexpected 
discoveries, on-site training of construction staff in relation to cultural heritage, 
and communication procedures for response to cultural heritage issues.  

(xii) Health and Safety Management Plan, which will outline measures for 
occupational health and safety and community health and safety. This will 
include plans for responding to accidents and emergency situations. 

 
2. Implementation Schedule 

 
4. A generalised implementation schedule for the project environmental management plan 
is summarised in Table I.1 below and a detailed implementation schedule for specific mitigation 
measures is presented in Table I.2.  
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Table A1.1: Environmental Mitigation and Monitoring Schedule 
Phase Issue Schedule 
Mobilization/ Pre- 
construction  

Training for PIU to be completed before the beginning of mobilization 
phase  
 

1 time 

During the 
mobilization phase  

EnvSE to review and approve the Contractors’ environmental 
management plans and method statements and forward to the PIU for 
approval  
 

1 time  

During construction  Mitigation and monitoring of the water environment, fisheries, terrestrial 
ecology, air and noise quality, and population health, emergency respons 
planning and preparedness 
  

see EMP and 
monitoring plan  

During construction  Reporting:  
Contractors to EnvSE  
EnvSE to PIU/XNCD 
PIU/XNCD to ADB (through HPMOT) 
 

 
weekly/monthly   
monthly 
quarterly  

During operation   
Mitigation, monitoring of the water environment, river bed sediments, 
aquatic ecosystems, terrestrial ecosystems, population health, and soil 
and water conservation, emergency response planning and 
preparednesss 
 

Regularly according 
to monitoring 
program  

 
Table AI.2: Environmental Protection Implementation Schedule 

Item Project Name 
Implementation

Dead-line Construction Years Operation 
1 2 3 4  

I Barrage construction       
1 Soil erosion      

2011-2014 

1.1 

Construction measures including: soil borrow 
sites, stone borrow sites, spoil dumps, 
construction sites left bank, land levelling, slope 
protection for the site, flood runoff.  

 
    

1.2 Vegetation protection including grass seeding on 
slopes, planting      

1.3 
Temporary Works: stockpiles, planting in last 
period of construction, coverings to prevent rain 
erosion 

     

2 Water Quality       

2.1 
Sand and concrete system wastewater treatment, 
sedimentation basin, pH neutralisation pond, oil 
separation tank, pipe construction 

 
    2011-2014 

2.2 Sewage treatment: domestic wastewater 
treatment facility 

     2011-2014 

2.3 

Operation phase environmental protection 
measures: office sewage treatment facility, 
pollution control prevention to reservoir, oil water 
separator on ships; 
emergency response planning and 
preparednesss for ports and barrage ship lock 
facility 

  
 

  2014 

3 Ecological protection measures       
3.1 Fish protection and restoration      2011-2014 

3.1.1 Fish pass construction, maintenance and 
management      2014 

3.1.2 Fish releasing station: including construction of 
fish hatchery and releases      2014 

3.1.3 Others: including artificial fish shelter      2011-2014 
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Item Project Name 
Implementation

Dead-line Construction Years Operation 
1 2 3 4  

3.2 Plant protection and replant ancient trees      2011-2014 
3.3 Other: planting and slope protection      2011-2014 

4 

Air Quality Protection: Soil borrow sites, stone 
borrow site, spoil site, road and construction sites, 
ventilation, and sand and concrete ventilation, 
dust control 

     2011-2014 

5 Acoustic Protection: warning notices; personal 
protection equipment, acoustic wall, etc 

     2011-2014 

6 
Domestic solid waste: soil borrow site, stone 
borrow site, spoil dump, construction waste on left 
and right bank 

     2011-2014 

7 
Health and hygiene: On site disinfection, hygiene 
quarantine, health inspection  
 

     2011-2014 

8 Environmental monitoring: including plans, 
equipment, and monitoring facilities 

     2011-2014 

III Resettlement Area       
1 Soil erosion prevention       

1.1 Construction measures: excavation, infill, and 
drainage      

2011-2014 1.2 Planting measures: grassing slopes and planting      

1.3 
Temporary construction: stockpiles, planting 
temporary construction sites, protective coverings 
against rain erosion, and soil sealing 

     

2 
Water Protection: anaerobic tank, drainage to 
municipal wastewater sewer network, drinking 
water plant and well protection   

     2011-2014 

3 Ecology Protection      2011-2014 

4 Health and hygiene: On site disinfection, hygiene 
quarantine, health inspection  

     2011-2014 

5 Domestic garbage treatment: build garbage 
station in resettlement area       2011-2014 

 
3. Environmental Cost Estimate 

 
5. During the construction and operation phases, a number of mitigation and monitoring 
measures have to be implemented to ensure environmental management and protection. These 
are and detailed in Table AI.3 below. The total estimated investment in environmental protection 
is Yuan 78.4 million. The EMP also includes a further Yuan 28.61 million for soil and water 
conservation (see Table AI.4).  

 
Table AI.3: Environmental Protection Costs (104 Yuan) 

No. Item 104 Yuan 

I Complex Engineering Area 5989.57 

1 Water Environment Protection 2038.27 

1.1 Water Treatment Measures during Construction Period 881.35 

1.1.1 Treatment of Excavation Wastewater 28 

1.1.2 Wastewater Treatment for Aggregate Processing System 508.6 

1.1.3 Wastewater Treatment for Concrete Batching System 44.85 

1.1.4 Treatment of Oily Wastewater 48 
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No. Item 104 Yuan 

1.1.5 Treatment of Domestic Sewage 251.9 

1.2 Water Treatment Measures for Docks 131.92 

1.2.1 Oily Wastewater, Flush Wastewater 75.22 

1.2.2 Domestic Sewage 56.7 

1.3 Other Water Environment Protection Measures 1025 

1.3.1 Reservoir Cleaning 0 

1.3.2 Downstream Warning System 25 

1.3.3 Risk Compensation for Domestic Water Taking 0 

1.3.4 Refining Device for Downstream Water Plant 1000 

2 Protection of Aquatic Organism 2040 

2.1 Proliferation and Releasing 1500 

2.2 Habitat Protection 60 

2.3 Fishpass Facility 0 

2.4 Technical Research 480 

3 Protection of Terrestrial Organism 1297.9 

3.1 Re-vegetation of 
 Construction Area 0 

3.2 Ex-situ Conservation of Reservoir vegetation and Forest Category Planning 25 

3.3 Propaganda and Education 7.2 

3.4 Rescue Measures before Impounding 10 

3.5 Landscape Works in  
Complex Area 1255.7 

4 Atmospheric Environmental  
Protection Measures 62 

4.1 Protective Facial Mask for Construction Workers 0 

4.2 Spraying System for Aggregates 0 

4.4 Watering and Dustfall in Construction Area 50 

4.5 Covering Straw Bags 12 

5 Protection of Sound Environment 63.8 

5.1 Warning Sign 0.5 

5.2 Personal Protection 0 

5.3 Sound-proof Wall 57.8 

5.4 Protection Measures for Other Sensitive Points 5.5 

6 Treatment of Solid Waste 146.4 

6.1 Treatment of Riverbed Dredging Mud 44.3 

6.2 Treatment of Domestic Garbage 102.1 

7 Population Health Protection 51 

8 Environment Monitoring Works 290.2 
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No. Item 104 Yuan 

8.1 Environment Monitoring during Construction Period 113.6 

8.2 Environment Monitoring During Operation Period 94.6 

8.3 Infill Monitoring of Water Plant 82 

II Resettlement Area 56.6 

1 Water Environment Protection Works 8.5 

2 Protection of Terrestrial Organism 1.5 

3 Population Health Protection 26.1 

4 Environment Monitoring Works 20.5 

III Independent Fees 548.61 

1 Project Construction Management Fee 201.68 

1.1 Overhead Charges of Environment Management Staff 150.02 

1.2 Completion Acceptance Charges of Environment Protection Facilities 30.00 

2 Environment Supervision Charges 120.00 

3 Scientific Investigation and Design Fees 217.95 

3.1 Environmental Protection Research and Test Fees 29.95 

3.2 Environmental Protection Survey and Design Fees 188.00 

4 Construction Quality Supervision Fees 8.98 

IV Basic Contingency 329.74 

V Total Investment on Environment Protection 6924.52 

 Transmission Line and other Contingencies 915.48 

 Total 7840.00 

Source: Zhongnan HydroChina Engineering Corporation.  
 

Table AI.4: Soil and Water Conservation Costs (104 Yuan) 

No. Item Installation 
Engineering 

Plant Measures  Independent 
Cost 

Total 
Investment Planting 

Cost 
Nursery 
Stock Cost 

I Section I 
 Engineering Measures       854.21 

1 Complex Engineering Area 19.11     19.11 
2 External Access Area 45.23     45.23 
3 Stone Material Yard 24.00     24.00 
5 Disposal Area 126.45     126.45 
6 In-situ Road Area 75.91     75.91 

7 Area for Construction Aiding-units 18.49     18.49 

8 Construction Living Quarter 9.77     9.77 

9 Resettlement and Relocation 
Engineering Area 13.74     13.74 

10 Kiloton Terminal Engineering Area 8.70     8.70 
11 Reservoir Flooding Area 0.00     0.00 
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12 Kiloton Terminal Engineering Area 9.55     9.55 

13 Area for Special Facility Reconstruction 233.98     233.98 

14 Soil Material Yard 269.28     269.28 

15 Reclamation Engineering Area 0.00     0.00 

II Section II 
 Planting Measures      582.96 

1 Complex Engineering Area  5.40 20.71   26.11 

2 External Access Area  3.15 42.92   46.07 

3 Stone Material Yard  2.55 5.56   8.11 

5 Disposal Area  3.01 40.70   43.71 

6 In-situ Road Area  0.74 63.09   63.83 

7 Area for Construction Aiding-units  0.68 12.19   12.87 

8 Construction Living Quarter  0.13 2.29   2.42 

9 Resettlement and Relocation 
Engineering Area  2.67 62.31   64.98 

10 Kiloton Terminal Engineering Area  0.55 15.45   16.00 

11 Kiloton Terminal Engineering Area  0.57 19.97   20.54 

12 Soil Material Yard  40.55 42.99   83.54 

13 Area for Special Facility Reconstruction  62.19 132.59   194.78 

III Section III 
Temporary Works      125.91 

1 Stone Material Yard 2.43     2.43 

3 Disposal Area 2.21     2.21 

4 In-situ Road Area 0.72     0.72 

5 Area for Construction Aiding-units 0.25     0.25 
6 Construction Living Quarter 0.25     0.25 
7 Kiloton Terminal Engineering Area 1.40     1.40 
8 Other Temporary Works 12.51     12.51 

9 Reclamation Engineering Area 78.86     78.86 

10 Soil Material Yard 9.82     9.82 

11 Kiloton Terminal Engineering Area 2.24     2.24 
12 Other Temporary Works 15.22     15.22 

IV Section IV  
Independent Cost      589.2 

1 Construction Management Fees     30.25 
2 Construction Supervision Fees     192 

3 Survey and Design Fees     70.03 

4 Monitoring Fees of Water and Soil 
Conservation     227.43 

5 Technical Consultancy Fees     9.5 
6 Completion Acceptance Fees     60.00 
V Total of I~IV     2152.28 
VI Basic Contingency      63.04 

VII Compensation for Water and Soil 
Conservation Facilities      645.40 

VIII Total Investment on Water & Soil 
Conservation Works      2860.73 

Source: Zhongnan HydroChina Engineering Corporation.  
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4. Institutional Arrangements 

 
6. Key organizations involved in environmental management of the project are as follows: 
The Hunan Province Department of Transport (HPDOT) will be the Executing Agency (EA) for 
the Project.  
 

(i) The HPDOT will have overall responsibility for ensuring that the project is 
implemented in accordance with the Loan Agreement with ADB, national 
legislation, the detailed design, and the Environmental Impact Assessment 
Report. The EA will report to the ADB. 

(ii) Xiangjiang Navigation and Construction Development Corporation Ltd 
(XNCD) is the Implementing Agency (IA) for the Tugutang Barrage Project. The 
XNCD will have responsibility for implementing all aspects of the project including 
environmental management. The XNCD is an independent company, dependent 
on the HPMOT. XNCD will report to the HPMOT on the implementation of this 
project. XNCD will set up an autonomous entity to manage the construction of 
the Tugutang Barrage. This entity will include a construction division and a 
reservoir division. The construction division will include staff responsible for 
environmental management while the reservoir division will deal with all the 
resettlement issues.  

(iii) For the purposes of the ADB Loan, it is normal to set up a Project 
Implementation Unit (PIU) within the IA. For the Tugutang Project, the PIU for 
environmental management may be considered to form part of the construction 
division. The PIU will have on-site offices at Tugutang Barrage and in Hengyang 
City. The environmental PIU will be responsible for all environmental 
management issues, including the appointment of the environmental design 
institutes, the Environmental Supervising Engineer, and the environmental 
monitoring company. It is envisaged that the PIU will ensure that the 
consolidated EMP provided by the PPTA Consultants is translated into Chinese 
and form part of the contract documents.  

(iv) The Environmental Design Institute. XNCD will appoint an Environmental 
Design Institute to develop detailed design for all environmental mitigation 
measures, prepare the environmental clauses in the contract documents, and 
specifications for environmental monitoring programmes. The Design Institute is 
likely to be the HydroChina Zhongnan Engineering Corporation, which was 
responsible for the preparation of the national EIA.  

(v) The Construction Supervision Company (CSC). XNCD will have responsibility 
for engineering and environmental supervision. The overall responsibility of the 
CSC will be to ensure that the Contractors comply with the environmental 
clauses in the contract documents and the Contractors own EMPs, in order to 
control construction-related adverse impacts. The CSC will be based at the 
Tugutang Barrage construction site.  

(vi) The Environmental Monitoring Companies. XNCD will appoint one or more 
environmental monitoring companies. The environmental monitoring may be 
supervised by the environmental Design Institute, with specialist monitoring tasks 
being undertaken by the Fisheries Institute, the Hunan Province Environmental 
Monitoring Centre, which undertook some of the baseline studies for water 
quality, soils, air and noise, and health monitoring institutes.  

(vii) Environment Verifier. Through HPDOT, XNCD will submit the semi annual 
environment report to ADB supported by the Environmental Monitoring 
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Company. XNCD will hire a domestic environmental specialist to verify the 
monitoring information in the report. Also the environmental specialist will visit the 
site to ensure the EMP implementation. The verifier’s report including the review 
activity outline, review results, and its recommendations will be attached to the 
semi annual environment report.  

(viii) The Contractors. The Main Contractors will be appointed via a specially 
convened committee, with nine members including XNCD. The bids will be 
evaluated on various criteria, including environmental management. With regards 
to environmental management, the Contractors will be required to prepare their 
own EMP in compliance with the environmental clauses in the contract 
documents, to control on site all the construction-related adverse environmental 
impacts, and provide benefits such as opportunities for employment among 
affected persons.  
 

7. The roles and responsibilities of the XNCD, the Environmental Supervising Engineer and 
the Contractors are summarised below.  
 
8. XNCD PIU. During project preparation, construction, commissioning, and operation, the 
specific tasks of the PIU include:  
 

(i) Ensure compliance with all international, national and local legislation, and the 
ADB environmental loan conditions. 

(ii) Adoption of the PPTA consolidated EMP.  
(iii) Appointment of the Design Institute to prepare the detailed EMP to be based on 

the PPTA consolidated EMP and the environmental clauses to be incorporated 
into the contract documents.  

(iv) Review of the tenders submitted by the construction companies and in particular 
review of the adequacy of EMPs submitted by the tenderers. 

(v) Review of the Contractors Environmental Management Plans (CEMP) to ensure 
compliance with ADB’s and XNCD’s requirements, and overall supervision to 
ensure that the CEMP is being implemented throughout the construction period.  

(vi) Overall responsibility for the inspection and management of annual expenditure 
on environmental management.  

(vii) Implementation of all environmental and social mitigation measures and 
environmental monitoring programmes related to the engineering works and 
resettlement activities. 

(viii) Assistance in setting up the Tugutang Branch of the EPB, and ongoing liaison 
with the EPA at the Tugutang Branch, Hengyang City and Province levels.  

(ix) Ongoing liaison with other government bodies with responsibility for 
environmental protection, management, and resettlement, including such the 
Water Bureau, the Fisheries Bureau, and Resettlement Bureau 

(x) Responsibility for managing the clean up and reporting of any environmental 
accidents and pollution events that occur. The clean up of major events would be 
directed by the Hunan Maritime Administration Bureau (HMAB).  

(xi) Drafting of monthly, quarterly and annual environmental reports, with submission 
of the quarterly and annual reports to the ADB for the duration of the loan.   

(xii) Management and implementation of information dissemination, environmental 
education and training for communities and affected persons, and the 
preparation and dissemination of publicity material.  

(xiii) Management of the Grievance Redress Mechanism (GRM).  
 



10 Appendix 1 

 

 
During operation 
 
(i) Ensure compliance with national and local government policy and law. 
(ii) Ensure implementation of all the environmental protection measures and 

monitoring programmes identified for the operations phase. 
(iii) Routine inspection of the Tugutang barrage, the ports, the resettlement villages 

and the general environment around the reservoir. 
(iv) Ongoing liaison with the relevant government bodies. 
(v) Co-operation with the other companies that manage the other barrages to effect 

integrated management of the cascade system to meet environmental and social 
objectives.  

(vi) Ongoing dissemination of information about the scheme and management of the 
GRM. 
 

9. The Environmental Supervising Engineer. The duties of the EnvSE appointed by the 
Construction Supervision Company are as follows.   
 

(i) Review of the Contractors’ EMPs prior to the start of construction and 
recommendation of improvements and modifications to the EMP.  

(ii) Supervision of the implementation of all aspects of the Contractors’ EMPs 
throughout the contract period, from site preparation to site restoration and 
demobilisation. Direct the Contractors as required to take corrective actions or 
improvements to ensure compliance with the XNCD’s and the Contractors’ 
EMPs.   

(iii) Undertake a programme of regular inspections on a daily, weekly, or monthly 
basis, to verify compliance by the Contractors of their environmental 
management plan. Inform the Contractors of actions required to address 
construction-related environmental problems. Take photographs and notes to 
record non-compliances and the remedial actions taken by the Contractors. 

(iv) Report monthly on the implementation of the Contractors’ EMPs to the XNCD 
PIU, based on their observations during environmental inspections.  

(v) At the end of the contract, attend the final environmental construction inspection 
and prepare a final report describing the environmental management procedures 
that were implemented and their efficacy, problems encountered and lessons 
learnt, and provide an overall assessment of the environmental impact of 
construction activities.  
 

Specific tasks  
 
(i) Prepare the Environmental Supervision Plan and identify the key areas for 

reporting.  
(ii) Supervise the Contractors to prevent and reduce pollution caused by 

construction, damages to vegetation and wildlife, and forest fires. 
(iii) Supervise and inspect the environmental protection measures implemented by 

the Contractors and assess the efficacy of these measures. 
(iv) Routinely inspect borrow pits, spoil disposal sites, all types of treatment plants 

and restoration works, to ensure that pollution prevention and land restoration 
measures are being implemented appropriately. This includes ensuring minimal 
vegetation removal, slope stability for borrow pits and spoil sites, and the 
restoration by planting of temporary construction sites. 
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(v) Supervise the environmental monitoring programmes being undertaken by the 
Environmental Monitoring Company, including inspection of monitoring activities, 
review of the environmental reports, and advise on remedial actions to reduce 
the environmental impacts. Environmental monitoring covers water quality, air, 
noise, and soils/land. [NB: If the EnvSE is not suitably qualified, the supervision 
of the environmental monitoring programmes should be directed to XNCD or the 
environmental Design Institute.] 
 

10. The Contractors. The contract documents will include environmental protection 
clauses, to which the Contractors must abide. The Contractors must prepare and implement 
their own EMP, which must be compliant with the requirements of the contract documents and 
XNCD’s requirements for environmental management during construction. To meet this 
requirement the contractors will appoint an Environmental Manager to oversee this task and 
who will communicate closely with the EnvSE. The key environmental management tasks for 
each Contractor are to: 
 

(i) Prepare an initial EMP, and update it every year or when there are material 
changes in the requirements for environmental management. 

(ii) Implement all the environmental mitigation measures that are the responsibility of 
the Contractor. 

(iii) Routinely inspect the construction site and the implementation of mitigation 
measures, including built facilities, to ensure that they are effective in the control 
of adverse impacts.  

(iv) When environmental impacts occur, following complaints from farmers, or as 
directed by the EnvSE, to take corrective measures to address environmental 
problems and clean up.  

(v) Maintain records of the monies spent on environmental management.  
(vi) Report monthly to the EnvSE and XNCD PIU on the implementation of their own 

EMP.  
 

11. The Contractors’ EMPs will include: a statement on their environmental policy; 
information on the roles and responsibilities of environmental management staff; method 
statements, procedures and plans to protection the environment and prevent pollution; 
environmental training; a process for auditing and corrective actions; and a process for 
management review.  
 
5. Environmental Mitigation Plan 

 
12. A detailed environmental mitigation plan is presented in Table I.6 below. This sets out for 
each phase of the project (pre-construction, construction, commissioning and operation), the 
main environmental issues, the proposed mitigation, their costs, location, timeframe for 
implementing the mitigation measures and the responsibility for implementation and 
supervision.  
  
6. Environmental Monitoring Plan 

 
13. The monitoring framework for the Project is summarised in Table I.7 in Appendix I. 
Monitoring activities include site supervision, verification of permits, and monitoring 
environmental impacts such as water quality, noise, air, fisheries, and terrestrial ecology. The 
Environmental Verifier will check the monitoring results before the PIU submit the report.  
Environmental monitoring programmes have been devised for the following: 
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(i) Construction period 

 
• Wastewater quality from the excavations for the foundations; sand 

washing; concrete mixing; and domestic sewage treatment plant. 
• River water quality: upstream and downstream of the dam site.  
• Air quality: quarterly monitoring at three sites near villages.  
• Noise: monitoring at sensitive locations around the Tugutang Dam site on 

one day a month over 12 occasions. 
• Terrestrial Ecosystems: Vegetation cover and crops at and around 

construction sites. 
• Population health: Health checks on 10% of the construction workforce 

followed by quarterly reporting on infectious diseases. 
• Soil and water conservation. Monitoring in the wet season. 

 
(ii) Operation period 

 
• Wastewater arising from domestic sewage at the offices of the Tugutang 

Complex and ports. 
• River water quality: at four locations in the Tugutang reach.  
• Sediments: heavy metals in the river bed sediments Tugutang reach.  
• Aquatic ecology: monitoring hydrologic and hydrodynamic characteristics 

of the flow; plankton, benthos and fisheries. 
• Terrestrial ecosystems: Three monitoring campaigns pre-construction, 

and two after construction, in the spring and the autumn at selected sites 
around the reservoir.  

• Population Health. General survey of the health of the population in the 
reservoir and resettlement areas.  

• Soil and Water Conservation. Monitoring on success of vegetation 
recovery and replacement of failed planting areas.  
  

14. The following additional environmental monitoring programmes will be applied (in 
consultation with XNCD) during the construction period: 
  

(i) Concentrations of heavy metals in the dredged spoil prior to disposal. Heavily 
contaminated spoils should then be mixed with clean spoil to reduce 
concentrations prior to final placement in the spoil disposal site.   

(ii) Fish migrations during the spawning season and the collection of floating fish 
eggs up stream of the Tugutang barrage site. The proposals for monitoring 
during operation by comparison are very extensive. 

(iii) The noise monitoring programme will include (a) noise monitoring during specific 
construction activities to characterise the noise levels, and (b) following 
complaints by local communities.  
 

15. If there is a delay of more than two years between the baseline monitoring undertaken 
for the EIA and the start of construction, it is recommended that the XNCD appoints an 
Environmental Monitoring Company to repeat the basleine surveys.  
 
16. The locations for baseline and construction monitoring may be determined in 
consultation with the XNCD, the local government environmental inspectors and the Supervising 
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Environmental Engineer. Contingency provisions will be included for additional air and water 
quality, as well as noise monitoring at the request of the SE/XNCD if warranted by events. 
 
7. Grievance Redress Mechanism 

 
17. Of all the agencies involved in the GRM, XNCD is the most efficient agency being the 
most knowledgable about the project activities and having the necessary links with local 
government. In consultation with XNCD, a Public Complaints Centre (PCC) will be established 
at the Tugutang site office to accelerate the complaints procedure. The local government bodies 
at the county, city and province level will nominate an officer to act as a focal point for contact 
by and with the PCC.  
 
18. The PCC will be staffed by an officer from the Reservoir Office of XNCD and will have 
facilities to maintain a database and communicate with the Resident Engineer (RE), XNCD, 
Governors of the county, city and province and also with affected persons. The PCC’s phone 
number, fax, address, email address will be made known to the people through displays at the 
respective offices of the county, city and province government administrations and in public 
places. The contact information for the PCC and the procedure for lodging a complaint will be 
disclosed to affected persons by issuing a Resettlement Information Booklet (RIB) and 
circulation of the RP to affected villages. 
  
19. The following mechanism is proposed: 
 

(i) When a problem due to Project activities occurs, the affected person will make a 
complaint to the PCC. In case the affected person is unable to direct the 
complaint to the PCC, it will lodge the complaint at the county, city or province 
office where the nominated officer will accept and immediately direct the 
complaint to the PCC. At the PCC a complaints register/database will be 
maintained by the PCC with the following information: 

 
Table A1.5: Public Complaints Database 

Nature of 
Complaint Category Action 

Taken Date Further Action Feed Back 

    Action 
by Date Sent to Date 

        
        

Source: PPTA.  
 

(ii) Upon receipt of the complaint the PCC will coordinate with the RE and the 
Contractor to resolve the problem. The RE will have the required authority to 
instruct the Contractor on the action that should be taken for redress. The PCC 
will update the complaints database with the action taken and feed back to the 
complainant.  

(iii) Any complaint that cannot be resolved at the PCC/RE/Contractor level will be 
directed to the HNRO/HPDOT for action. Complaints thus directed and their 
outcome also will be recorded in the database. The XNCD director will monitor 
the public complaints register and prepare monthly reports to be submitted to the 
Director of HNRO/HPDOT.  
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20. The Grievance Redress Mechanism is illustrated below.   
 

Figure A1.1: Concept of Grievance Redress Mechanism for the Project 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: PPTA Consultants. 
 
21. When a complaint is received at the PCC it will commence the redress process 
immediately as follows:  
 

(i) Log complaint and date of receipt onto the complaint database and inform the RE 
and CRO/Contractor immediately; 

(ii) With the RE and Contractor, investigate the complaint to determine its validity 
and to assess whether the source of the problem is due to the Project and or 
resettlement activities; 

(iii) If a complaint is valid and due to the construction works/resettlement activities, 
identify mitigation measures in consultation with the RE and CRO/Contractor and 
advise the CRO/Contractor accordingly; 

(iv) Monitor the CRO/Contractor's response on the identified mitigation measures 
and update the database; 

(v) Inform the complainant of the action taken with copies to the local authorities if 
the complaint was directed by them;  

(vi) Undertake further monitoring in conjunction with the RE and verify the situation,  
and if necessary instruct the CRO/Contractor of measures to be taken to avoid 
such complaints;  

(vii) Report the results and the subsequent actions to the XNCD.  
 
22. PCC staff will be trained on the implementation of the grievance redress procedures. 
  

Affected People 

Contractor Local Government Public Complaints 
Centre XNCD 

Resident Engineer 
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Table AI.6: Detailed Environmental Management Plan 
Environmental 

Issue Mitigation Measures Estimated Cost, 
$US Location Time Frame 

Responsibility 

Implementation Supervision 

I. Pre Construction Phase 

1. HIV/AIDS/STIs and Communicable Diseases 
Spread of 
diseases 

Awareness Raising Campaign for 
local population1 5000 Project Area Pre construction 

and construction 
Local Health 
Bureaux XNCD 

2. Public Consultation on EMP Implementation 

People’s opinion 
on the EMP 
Implementation 
 

Public consultations to be 
conducted to disclose information 
on the final EIA, the EMP and 
how it will be implemented; and 
obtain the opinions of 
environmental experts and the 
general public on the detailed 
design in environmentally 
sensitive and other affected 
areas. 

2000 Project Area Pre construction 
and construction Design Institutes XNCD 

       

II. Construction Phase 

3. Grievance Redress Mechanism (GRM) 

Grievances 

An official responsible for the 
GRM will be designated in XNCD 
office in Tugutang. 
The Contractor, RE, and local 
government officials will be 
informed of the GRM so that they 
understand their role in the 
procedure.  
The Resettlement Information 
Booklet (RIB) containing 
information on the resettlement 
procedures, including how to 
make complaints, will be 
distributed to all the village 
groups in November 2010.  

1000 

Project Area, including 
villages within 500m of 
construction sites, 
100m of main haulage 
roads, and affected 
villages.  

Initigate before 
construction and 
continue 
throughout 
construction and 
early years of 
operation 

XNCD 
County 
Resettlement 
Office 

4. Water  

                                                 
1 Provision for HIV/AIDS prevention campaign for workers will be included in work contracts. 
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 

Control of heavy 
metals in river bed 
sediments 

Adopt environmentally friendly 
construction methods to minimise 
re-suspension and dispersion of 
heavy metals: coffer dams, 
temporary storage of spoil on 
land, treatment of drainage water 
prior to discharge to river. 
Adopt environmentally-friendly 
dredging methods to minimise 
disturbance of bottom sediments 
Environmental conditions on 
dredging contract 
Water treatment equipment for 
downwstream plants  
Protect Hengnan drinking water 
intake by intensifying monitoring, 
and taking corrective action 
should water quality approach 
standards e.g. stop dredging, 
strengthen water treatment. 
Water quality monitoring 
programme 

0.086 million for 
river water 
quality 
monitoring  
 
0.005 million for 
monitoring river 
bed sediments 
 
10 million  of 
water treatment 
equipment at 
downstream 
plants 

Site of the proposed 
Tugutang River 
Barrage 
 
Sections of Xiangjiang 
to be dredged to 
improve draught: 
shallows d/s of 
Zeiwengshou and 
Tugutang. 
 
Sand mining for 
construction: 
Zhengshi, Yuezhou, 
Luoshazhou and 
Xipizhou.  
Hengnan drinking 
water intake c4.2km 
downstream of 
Tugutang 

Construction 
Period. 
Approximately 
42 months  

Contractors for 
construction related 
matters 
 
Water quality 
monitoring is 
responsibility of the 
Environmental 
Monitoring 
Company 

RE/ EnvSE 
/XNCD 

Construction 
wastewater 

Wash water from sand cleaning 
treated to reduce TSS. The 
sludges disposed of at spoil dump 
site and clean water recycled.  
Concrete wash water treated by 
sedimentation and pH 
adjustment. Recyle water and 
dispose of sludges to dump site. 
Wastewater from workshops 
passed through oil separator and 
treated water resued eg in vehicle 
cleaning.   
Seepage in excavations treated 
by sedimentation and discharged 
to river.  
Domestic sewage treatment by 
primary and secondary settlement 
and disinfection. Discharge 
wastewater to river and sludges 

3.47million for 
construction and 
maintenance  
 
0.018 million for 
wastewater 
monitoring 

Tugutang barrage 
construction site. 
Treatment facilities 
provided on both sides 
of the river. 
 
Songbai and Yunji 
river ports. 

Construction 
period 

Contractors / 
environmental 
monitoring centre 

RE/EnvSE/ 
XNCD 
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
to Municipal dump. 
Wastewater monitoring 
programme 

Construction 
wastewater at 
Yunji and Songbai 
ports 

Domestic sewage treatment 
facilities 
On site treatement of construction 
wastewater by settlement 

100,000 Yunji and Songbai 
river wharfs 

Construction 
and Operation Contractors / XNCD SE/ XNCD / 

HPEPB  

5. Fish  

 

Programme works to avoid 
blasting and excavation during 
fish migration period 
Take measures to allow floating 
spawn to pass the construction 
works 
Environmental training to 
workforce on importance of 
fisheries and prohibit illegal 
fishing practices 

100,000 
Tugutang Barrage and 
new river wharfs at 
Yunji and Songbai 

Construction Contractors  
SE/ EnvSE/ 
XNCD / Fisheries 
Bureau 

6. Terrestrial Ecosystems 

Protection of 
agricultural 
systems 

Reduce the area of farmland to 
be inundated by land raising 
using soils from nearby donor 
sites 
Implement SWC measures at the 
donor sites to aid recovery. 

Part of costs for 
SWC 

Farmland near villages 
which will be 
inundated 

Construction  Contractors RE/ EnvES/ 
XNCD  

Terrestrial animals 

Programme land raising works to 
avoid hibernation period 
Control of noise on construction 
sites  
Environmental education 
programmes 

Included 
elsewhere Areas to be raised  Construction Contractors EnvSE/XNCD 

Illegal fishing, 
hunting and 
collection of wild 
plants 

Clauses written into construction 
contracts: immediate firing and 
prosecution of individuals 
involved in poaching, illegal trade, 
hunting, or cutting of vegetation 

NA 

Construction sites, 
resettlement villages,  
reservoir area, and 
surrounds 

Construction 
and post-
construction 

Contractors EnvSE/XNCD  

Environmental 
Protection Plan 

Replant species removed from 
reservoir 
Set up a protection fund for rare 
and protected animals and plants 

0.080 for 
replanting 
0.011 for 
education 

Reservoir area 
Construction 
and pre-
impoundment 

Contractors EnvSE/XNCD 
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
Prepare an action plan 
Assign protection personnel 

0.029 on search 
for plants in 
reservoir area 

Monitoring Monitoring removal of vegetation, 
crops, reinstatement 0.015 million Construction sites Construction Contractors EnvSE/XNCD 

7. Soil 

Conservation of 
soil and water to 
prevent erosion 

Preparation of a Soil Erosion 
Management Plan  
Minimise areas of vegetation  
clearance; 
Deisgn of scour protection around 
barrage and river ports 
Restrict construction in erosion 
risk areas to dry season 
Replant as soon as possible after 
works completed 
Use geotextile to stabilise soils if 
required 
Separate topsoil from subsoil 
during the excavation works; and 
reuse topsoil in site restoration 
Stabilise embankment slopes and 
road cuts with vegetation 
Control the exploitation and 
restoration of borrow sites and 
quarries to minimise erosion. 
Control sand dredging activities 
Dispose of spoil in accordance 
with plans. Compact spoil and 
stabilise slopes. Provide surface 
drainage and revegetate.  
Provide SWC measures at soil 
donor sites for land raising 

Included in the 
main civil works 
cost 

All construction sites  - 
Tugutang Barrage, the 
river ports and 
resettlement villages  
 

Construction 
Period Contractors EnvSE / XNCD 

8. Air Quality  

Control of dust 
from excavations 

Undertake rock blasting and 
drilling in such a way as to reduce 
dust generation 

Air protection 
works – 0.124 
million on ppe, 
watering for dust 
suppression, and 
mulching 

Foundations for 
Tugutang barrage Construction Contractors EnvSE/ XNCD 

Control of dust 
from concrete 
production and 

Locate plant at least 200m from 
residential areas 
Enclose concrete batching plan 

Tugutang construction 
site Construction Contractors EnvSE/XNCD 
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
sand processing Transport cement and coal ash in 

sheeted trucks 
Use dust suppression techniques 
eg watering 
Equip rock crusher with dust 
filters 
Provide ppe to workers 

Control of dust and 
emissions from 
vehicles 

All plant and vehicles to be 
comply with manufacturer’s and 
national emission standards 
Wheel wash on site access 
All earthwork vehicles to be 
sheeted   
Construction roads to be 
maintained and sprayed regularly 
to suppress dust  

Construction sites and 
haulage roads 

Construction 
phase Contractors EnvSE/XNCD 

Other controls 

Staff to be issued with ppe 
including face masks. 
Underground works at 
hydropower complex to be 
adequately ventilated 
Protect stockpiles from dust 
entrainment 
Prohibit burning of vegetation 

PPP included in 
above 
Ventilation part 
of construction 
costs 

Tugutang construction 
site Construction Contractors EnvSE/XNCD 

Air quality 
monitoring Air quality monitoring programme 

0.026 for air 
quality 
monitoring 

All construction sites 
and affected villages Construction  Environmental 

Monitoring Centre EnvSE/XNCD 

9. Control of Noise 

General 
requirements 

Comply with legal controls on 
noise emissions and ambient 
standards 
Control noise at source through 
selection of low noise plant; 
muffling; maintenance; switch off 
campaign, etc 
Construction site controls through 
layout; use of topography for 
noise attenuation; and screening 
Constraints on working hours and 
timing of noisy activities 
Run a community awareness 

0.008million for 
signposting and 
ppe  
 
 

All construction sites Construction 
period Contractors EnvSE/XNCD 
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
programme linked to GRM 
Baseline monitoring 

Blasting at dam 
site 

Control blasts with smaller 
charges and detonating fuse 
Programme for same time each 
day 

 Tugutang dam site Construction of 
foundations Contractors EnvSE/XNCD 

Acoustic screening 
Construct an acoustic wall 5m 
high along access road to screen 
noise from village 

0.076 million Access road on left 
hand bank 

Erect wall at 
start of 
construction 
phase  

Contractors EnvSE/ XNCD 

Sand processing 
and concrete 
batching 

Use less noisy plant 
Reduce operating times for noisy 
equipment 
Locate plant away from 
residential areas 
Use natural attenuation to reduce 
noise levels 
Avoid working at night 

 

Tugutang and port 
sites Construction Contractors EnvSE/XNCD 

Control of traffic 
noise 

Direct haulage traffic to use 
designated access roads 
Traffic management 
Low speeds on construction site 
No use of horn 
Forbid traffic at night 
Compensate affected persons 

 Construction sites and 
haulage roads 

Construction 
period Contractors EnvSE/XNCD 

Monitoring of noise 
levels 

Monitoring of noise levels in 
sensitive areas 0.010 million  Sensitive construction 

sites  
Construction 
Period Contractors EnvSE/XNCD 

10. Environmental Protection Measures for the Resettlement Villages 
Ecological 
environmental 
protection in 
resettlement areas 

Undertake and environmental 
education programme among 
people to be resettled. 

0.002 million for 
posters / manual Affected villages Construction XNCD EnvSE/RO/XNCD 

Health of persons 
to be resettled  

Protect new drinking water 
supplies including new wells, 
cleaning around top of wells, and 
disinfection of new wells.  
Offer health checks to APs 
Undertaken a public health 
education programme about ill 
health from poor hygiene 
Undertake an awareness raising 

 
0.038 for health 
protection in 
resettlement 
areas 
 
0.054 for health 
testing 
 

Affected villages Construction  Contractors 
EnvSE/ RO / 
XNCD / Public 
Health Bureaux 
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
campaign on STIs and HIV/AIDs 
Undertake a pest control 
programme 

0.013 for health 
monitoring 

11. Solid Waste Treatment 

River bed 
sediments 

Excess spoil from dredging to be 
stored separately temporarily 
Test spoil for heavy metals 
If required, mix contaminated 
spoil with clean spoil to reduce 
concentration of contaminatns 
Final disposal of excess spoil to 
two new spoil disposal sites 

0.065 million for 
handling, storage 
and treatment of 
river bed 
sediments 
containing heavy 
metals 

Tuguatang barrage 
site 

Construction of 
foundations for 
barrage and 
dredging 
activities 

Contractors EnvSE/XNCD 

 
Collect domestic / office waste 
from the construction sites 
Dispose of to Municipal dump 

0.150 million for 
collection and 
disposal 

All construction sites Construction Contractors EnvSE/XNCD 

12. Public Health Protection in Relation to the Construction Site 

Prevention of 
community 
diseases  

Pest eradication programme 
Hygienic cleaning in the reservoir 
area 
Health checks for 10% of the 
construction workforce 
Public health education 

0.015 million for 
hygienic cleaning 
0.006 million for 
health education 

Construction areas, 
reservoir area, and 
affected villages 

Construction Contractors, local 
Health Bureaux EnvSE/XNCD 

H&S of 
construction sites 

Prepare and implement a H&S 
plan, to include potential harm to 
the workforce and local 
communities 

 All construction sites Construction Contractors EnvSE / XNCD 

13. Historical, Cultural, and Archaeological Heritage 

Pre-construction 
works 

Excavate the nine sites found 
during the EIA studies 

To be confirmed Nine sites along the 
Xiangjiang River Pre-construction 

Specialist 
archaeological 
company 

XNCD 

Encountered 
during 
Construction  

If a historical, cultural, or 
archaeological relic is 
encountered during construction, 
throughout the Project area, all 
activities will halt and an 
established action plan will be 
implemented. Works will 
recommence only after 
appropriate measures have been 
taken as requested by the 

 

Project Area Construction 
Period Contractors 

XNCD / 
Archaeological 
Institute  
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
appropriate authority, and 
confirmation has been received 
from them that works may 
resume. 

14. Construction Camps 

Nuisance, solid 
waste, 
wastewater, litter, 
etc from 
construction 
camps.  

Prepare and implement a 
Construction Camp Management 
Plan 
Keep construction sites clean and 
tidy  
Regular daily, weekly, and 
monthly inspections 

10,000 Construction Camps Construction 
Period Contractors EnvSE/XNCD 

Operation Phase 
15. Water 

Pre-
commissioning 
works 

Clean the reservoir bottom by 
dismantling structures, removing 
or disinfecting toilets, vegetation, 
manure stocks, and other 
putrescible materials that may 
impact on water quality 

Cost included 
above in hygienic 
cleaning 

Area to be inundated Construction 
Period Contractor s RE/EnvSE/ 

XNCD 

Initial 
Impoundment 

Preferrably programme for the 
wet season. If programme for dry 
season, allow 50% compensation 
flow.  

NA Tugutang river barrage 
and reservoir area Commissioning Contractors RE/EnvSE/XNCD 

Water quality 
around barrage 
site 

Permanent small package 
sewage plant, with disposal of 
treated wastewater for irrigation 
and dried sludges to Municipal 
dump. 

Costs included 
above for 
construction of 
small plants 

Tugutang river barrage Operation XNCD HBMOT, HPEPB 

Control of 
wastewater from 
ships 

General prohibition of the 
discharge of wastewater from 
ships to the river. 
All ships to have an oil-water 
separation system to prevent 
discharge of oily water to the 
river.  

Responsibility of 
ship owners Xiangjiang River Operation Ship owners HMIB 

Protection of water 
quality in reservoir 
area 

Prepare a Water Environmental 
Protection Plan for the Reservoir 
Area to cover (1) control of 
pollution sources from point and 

HEPB is 
investing in these 
wider issues 
 

Xiangjiang river basin 
Hunan 11th and 
12th Five Year 
Plans 

Managers of 
industry and water 
treatment plants 

HEPB 
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
diffuse sources, (2) protection of 
drinking water sources, (3) 
strengthening environmental 
management capability.  

Accidental 
spillages from 
ships 

Prepare an Emergency Response 
Plan 

0.128 million in 
reserve in the 
event of an 
accident 

Xiangjiang River Operation XNCD (for 
Tugutang reach) HMIB 

Control of 
eutrophication in 
the tributaries 

Environmental awareness raising 
in local communities 
Strengthen water quality 
monitoring in the reservoir 
Supervise and enforce legislation 
on wastewater discharges 
Soil and water conservation 
programmes 
Use of phosphorous-free 
detergents 
Removal of N and P at 
wastewater treatment works 

100,000 Xiangjiang river basin Hunan 11th and 
12th FYP Local EPB HEPB 

Wastewater 
Treatment at new 
terminals 

Construct and operate small 
wastewater treatment plants at 
Tugutang and new ports  

0.003 million 
wastewater 
monitoring 

Tugutang barrage, 
Songbai and Yunji port Operation XNCD HEPB 

Water quality 
monitoring 

River water quality monitoring 
programme during operation  
Water quality monitoring for 
Hengnan water plant 
Water quality monitoring for other 
water plants in the catchment  

0.088 million for 
river water 
0.081 million for 
Hengnan 
0.047 million for 
other treatment 
plants 

Xiangjiang River Operation 

Environmental 
Monitoring Centre / 
Water plant 
operators 

XNCD 

Protection of 
Drinking Water 
Supplies 

Installation of new water 
treatment equipment at 
downstream plants 

10 million  of 
water treatment 
equipment at 
downstream 
plants 

Up to 8 downstream 
plants Operation  XNCD HEPB 

16. Fish 

Fish pass Design and construct a fish pass 
on the Tugutang barrage.  2.206 million Tugutang barrage Construction / 

Operation Contractors 
RE/EnvSE/XNCD 
/ Fisheries 
Bureau 

Fish hatchery and 
release 

Construct and manage a fish 
hatchery near Tugutang barrage 2.206 million Tugutang barrage and 

the Xiangjiang River 
Construction / 
Operation 

Contractors /  
XNCD 

XNCD / Fisheries 
Bureau, HPEPB  
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
programme Make annual releases of fish fry 

into the Xiangjiang 

Institutional 
Strengthening of 
the Fisheries 
Bureau 

Training and enhancement of 
authority 
Improve enforcement of fishery 
protection measures (closed 
areas and periods for fishing) 

1000 

Hunan Province and 
cities and counties 
along the Xiangjiang 
River 

Operation 

City and Council 
Fisheries Bureaux 
along the 
Xiangjiang River 

HPEPB, HP 
Fisheries Bureau 

Protection of 
important fish 
habitats 

Protect the Baiyanghe tributary 
for spawning habitat 
Zone areas to protect fish 
gathering site below Zhuzhou 
Barrage. Demarcate area with 
permanent buoys.  
Prohibit fishing in spawning areas 
for four main Chinese Carp 
species in Tugutang reach during 
March-July. 

0.176 million 

Baiyanghe tributary 
 
Area 10-15km d/s of 
Zhuzhou Complex.  
 
Dabao, Baifang, 
Songjiang, and Lukou 
spawning sites on the 
Xiangjiang main river. 
 
Spawning sites on the 
Congling, Leishui and 
Mishui tributaries 

Operation Local and Province 
Fisheries Bureau XNCD / HPEBP 

Integrated 
operation of the 
barrages 

Prepare and implement 
integrated operating rules for the 
six barrages on Xiangjiang, to 
include optimisation of power 
generation and fisheries 
protection during migration / 
spawning 

5000 Xiangjiang river Operation 
All the barrage 
companies 
including XNCD 

HPEPB 

Scientific research 

Population variation in Tugutang 
reservoir 
Integrated operation rules for the 
cascade of barrages to satisfy 
conditions for Chinese carp 
Cumulative impacts on fish 
resources 
Propagation technology  
Biological integrity of the middle 
and lower reaches of Xiangjiang 
river 
Use of genetic markers to 
evaluate the fish release 
programme  

0.706 million Home office / 
Xiangjiang River  Operation Design Institute XNCD / HP 

Fisheries Bureau 
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Environmental 
Issue Mitigation Measures Estimated Cost, 

$US Location Time Frame 
Responsibility 

Implementation Supervision 
17. Terrestrial 

Monitoring  Terrestrial monitoring in the early 
years of impoundment 0.022 million Reservoir area 

1st and 3rd year 
after 
impoundment 

Environmental 
Monitoring 
Company 

XNCD 

18. Resettlement areas 

Environmental 
monitoring 

Farm soil monitoring 
Drinkingwater quality 
Investigation of living standards 
Health investigation 

0.030 million Affected villages 
Construction / 
early years of 
operation  

RO EnvSE/XNCD 

EIA = Environmental Impact Assessment, EMP = Environmental Management Plan, XNCD = Hunan Xiangjiang Navigation, Construction and Development Company 
Limited, RE = resident engineer. 
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Table AI.7: Environmental Monitoring Framework 
Monitoring 
Parameters Location and Frequency of Parameter Measurement Location Time Frame Responsibility 

1. Wastewater 
Environmental 
Monitoring  

A) Monitoring During Construction    
(a) Wastewater in foundation excavations 
Monitoring parameters: SS, pH, discharge 
Monitoring frequency: 2 times / quarter, each monitoring takes a day 
Monitoring points: Outfall from foundations excavations 

Tugutang 
construction site 

Construction 
period. Contractors 

(b) Wastewater from sandstone washing 
Monitoring parameters: SS, pH, discharge 
Monitoring frequency: 1 day/month in the peak construction period 
Monitoring points: Outfall from the sandstone washing facility 

Tugutang 
construction site 

Construction 
period Contractors 

(c) Wastewater from concrete mixing 
Monitoring parameters: SS, pH, discharge 
Monitoring frequency: 1 day/month in the peak construction period 
Monitoring points: Outfall of mixing system 

Tugutang 
construction site 

Construction 
period Contractors 

(d) Domestic sewage 
Monitoring parameters: COD, BOD5, Total N, Total P, Dissolved Oxygen, Faecal 
coliforms, animal and vegetable oils, and discharge 
Monitoring frequency: 1 day/month in the peak construction period (one year) 
Monitoring points: Outfalsl from the treatment facilities 
Monitoring standard: Reuse of Water  

Tugutang 
construction site 

Construction 
period Contractors 

B) Monitoring During Operation    
(a) Sewage Monitoring (domestic wastewater treatment plant at construction site) 
Monitoring parameters: COD, BOD5, Total N, Total P, Dissolved Oxygen, 
bacterial number, animal and vegetable oils, and discharge  
Monitoirng frequency: spot checks 3 times / year  
Monitoring points: Outfalls from the treatement facilities 
Monitoring standard: Wastewater treatment standard guideline in PRC 

Tugutang 
construction site 

Operation 
period 

Local 
Environmental 
Protection 
Bureau 

2. River Water 
Quality  

A) Monitoring During Construction    
(a) Upstream of dam site 
Monitoring parameters: pH, SS, permanganate index, ammonia nitrogen, COD, 
BOD5, DO, Total Pb, Cd, As, Hg, Hexavalent chromium, petroleum, Faecal 
coliforms 
Monitoring frequency: 3-day monitoring/month, peak construction period (one 
year) 
Monitoring points: 1 location c500m upstream of dam site 

Tugutang 
construction site 

Construction 
period Contractors 

(b) c1km downstream from dam site 
Monitoring parameters: pH, SS, permanganate index, ammonia nitrogen, COD, 
BOD5, DO, Total Pb, Cd, As, Hg, Hexavalent chromium, petroleum, Faecal 
coliforms 
Monitoring frequency: 3-day monitoring/month, peak construction period (one 
year) 

Tugutang 
construction site 

Construction 
period Contractors 
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Monitoring 
Parameters Location and Frequency of Parameter Measurement Location Time Frame Responsibility 

Monitoring points: One location c1km d/s of dam site 
 
 
 
B) Monitoring During Operation    
Monitoring parameters: pH, SS, DO, permanganate index, COD, BOD5, 
ammonia nitrogen, Total P, nitrogen, Cu, Zn, F, Pb, Cd, As, Hg, hexavalent 
chromium, cyanide, volatile phenol, petroleum, anionic surfactant (LAS), 
sulphide, Faecal coliforms.   
Monitoring frequency: 3 times a year in the wet, average and dry seasons, for 6 
years.  
Monitoring points: Jinweizhou dam d/s, Songbai cross section; 500m u/s of Dam 
site; c1km d/s from dam site 
Monitoring standard: PRC Environmental Quality Standards for Surface Water 
(GB3838-2002) 

Tugutang reach First six years 
of operation Contractors 

3. Sediments 

A) Monitoring During Construction    
Monitoirng parameters: Pb, Cd, Mn, Cr6+, Cu, Zn, As, Hg 
Monitoring frequency: Each batch of excess sediment spoil for removal off-site 
Monitoring point: Dredged sediment from barrage site for removal off-site  
Monitoring standard: PRC soil quality standard (GB15618-1995) 

Barrage site Construction  Contractors 

B) Monitoring During Operation    
Monitoirng parameters: Pb, Cd, Mn, Cr6+, Cu, Zn, As, Hg, scouring and silting 
measures of sediments in cross section of reservoir determined by bathymetry 
Monitoring frequency: Annual 
Monitoring point: 8 monitoring sites – Jinweizhou dam d/s, copper mine in 
Baifang, Baifang Town, Songbai Town, 200m u/s of Tugutang dam, Quanzi 
village, Chejiang Town, Jiangdong waterworks. 
Monitoring standard: PRC soil quality standard (GB15618-1995) 

Tugutang reach Operation 
period XNCD 

4. Aquatic 
Ecology 

A) Monitoring During Construction    
None    
B) Monitoring During Operation    
Monitoring parameters: Hydrologic and hydrodynamic characteristics of the flow; 
physico-chemical parameters of the water; phytoplankton, zooplankton, and 
benthic invertebrates; categories of aquatic vascular plants; fish species, 
composition and distribution; fish spawning.  
Monitoring frequency: 1st, 3rd, 5th, 7th, 10th, 15th, and 20th year after 
commissioning. Monitoring for water chemistry, plankton and benthos, and 
aquatic vascular plants to be conducted once in April and October. Monitoring for 
fish in March-June and October-November for 20 days per month. Monitoring for 
fish spawning March-July for not less than 60 days. Monitoring time intervals, 
frequency and factors compostion should be adjusted along with the process of 

Middle and lower 
Xiangjiang River 

20 years after 
commissioning, 
followed by 
review for 
further long 
term 
monitoring 
needs 

XNCD 
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Monitoring 
Parameters Location and Frequency of Parameter Measurement Location Time Frame Responsibility 

the construction of the cascade hydropower stations. 
Monitoring points: 10 cross sections in the middle and lower reaches of the 
Xiangjiang River: Jinweizhou reservoir area, Jinweizhou dam d/s, Tugutang 
reservoir area, Tugutang dam d/s, Dayuandu reservoir area, Dayuandu dam d/s, 
Zhuzhou reservoir area, Zhuzhou dam d/s, Changsha reservoir area and 
Changsha dam d/s.  4 cross sections on the tributaries Chonglinshui River, 
Leishui River, Mishui River and Liuyanghe River.  
 

5.  Air Quality 

A) Monitoring During Construction    
Monitoring parameter: SO2, NO2, TSP, wind direction, wind speed 
Monitoring frequency: 4 times/year, for 5 days each time 
Monitoring points: 3 sites – one in Binghe Village on left bank, 1 in Pensi Village 
right bank, and resident site in materials yard.   
Monitoring standard: Atmospheric monitoring methods of the Ministry of 
Environmental Protection 

Tugutang 
construction site  Construction  Contractors 

6. Noise 

A) Monitoring During Construction    
Monitoring parameters: LAeq dB(A) (peak noise, L10, L90) 
Monitoring frequency: 1 day/month for 12 occasions covering a day and a night  
Monitoring points: 5 sites on the right and left banks 
Monitoring standard: Monitoring methods regulated by the Ministy of 
Environmental Protection  

Sensitive receptors 
in and around the 
Tugutang dam site  

Construction  Contractors 

7.Terrestrial 
Ecosystem 

A) Monitoring During Construction    
Monitoring parameters: Vegetation, crops and livestock 
Monitoring frequency:  Once, before storage / processing 
Monitoring points: Dam site, earth and stone material yard, slag yard 
Monitoring standard: Environmental assessment guideline HJ/T19-1997 

In ecologically 
sensitive Project 
Areas  

Pre-
construction  Contractors 

B) Monitoring During Operation    
Monitoring parameters: Terrestrial vegetation and animals 
Monitoring frequency: 3 monitoring campaigns – prior to reservoir impoundment, 
and in the 1st and 3rd year after impoundment. Monitoring periods in April-June 
and August-October to cover seasonal variations.  
Monitoring points: Locations around the dam  

Area around the 
reservoir  

Pre-
construciton 
and 1st and 
3rd year after 
impoundment 

Environmental 
Protection 
Department of 
Hunan 

8.Population 
Health 

A) Monitoring During Construction    
Monitoring parameters: Undertake health checks on 10% of the construction 
workforce. Infectious diseases records and statistics 
Monitoring frequency: Report quarterly on pollution and infectious diseases 
 
 
 
 

Construction sites Construction 
Local Sanitary 
and Health 
Department 
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Monitoring 
Parameters Location and Frequency of Parameter Measurement Location Time Frame Responsibility 

B) Monitoring During Operation    
Monitoring parameters: General survey of population health in the reservoir and 
resettlement area 
Monitoring frequency: In the infectious season every year 
Monitoring points: Reservoir and resettlement communities 

Tugutang dam site 
and environs Operation 

Local Sanitary 
and Health 
Department 

9. Soil and Water 
Conservation 

A) Monitoring During Construction    
Monitoring parameters: Areas that are disturbed, areas with indications of soil 
erosion – locations and extent 
Monitoring frequency: 8-10 evaluations per year 
Monitoring points: All construction sites 
 

Tugutang Barrage, 
the river ports and 
resettlement villages 

Construction 
(continuing into 
Operation if 
required) 

Contractors 

B) Monitoring During Operation    
Monitoring parameters: Areas that have been re-vegetated and areas that 
remain disturbed, areas with indications of continuing soil erosion – locations and 
extent 
Monitoring frequency: 8-10 evaluations per year 
Monitoring points: All construction sites 
 

Tugutang Barrage, 
the river ports and 
resettlement villages 

Operation – as 
required to 
ensure that re-
vegetation has 
succeeded (up 
to 5 years) 

Contractors 
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Table AI.8: Aquatic monitoring sites 
Locations Aquatic Ecology, Hydrology 

and Water Quality Monitoirng Fish Community Spawning sites 

Main 
River 
 

Jinweizhou 
reservoir ● ● ● 

d/s Jinweizhou  
dam ● ●  

Reservoir 
Tugutang ● ● ● 

d/s Tugutang 
dam ● ● ● 

Dayuando 
reservoir ● ● ● 

d/s Dayuando  
dam ● ●  

Zhuzhou 
Reservoir ● ● ● 

d/s Zhuzhou 
dam ● ●  

Changsa 
Reservoir ● ● ● 

d/s Changsa 
dam ● ●  

Tributary 

Chonlingshui ● ● ● 

Lishui ● ● ● 

Mishui ● ● ● 

Luilanghe ● ● ● 

 
 

Table AI.9: Distribution of monitoring points for SWC 
Monitoring Points Investigation 

Monitoring Remarks 
Method Unit Location 

Slope measure 

Construction site (1) Dam slope √ 
Monitoring water and 
soil  Soil heap site (1) Zhuchong village √ 

land raising site (1) Gao Bao village √ 

Sand basin 
measures 

Spoil site (1) Right side of spoil site √ 

Use the sand basin 
built for construction 

Stone borrow site (1) Chejiang stone site √ 
Temporary construction site 
(1) 

Left side of temporary 
construction site √ 

Yunji Port site (1) Yunji port √ 

Soil and water 
runoff 
measurement 

Road construction (1) Right hand bank √ Two districts for 
comparison Temporary road (1) Left hand bank √ 
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Table AI.10: Entitlement Matrix of Compensation and Resettlement Policy 
Type of 

loss 
Entitled person/ 

group 
No. of entitled 

persons 
/groups 

Compensation policy Compensation 
entitlement Implementation issues 

Permanent 
loss of 
collective 
land 

a) Sub-villages 
 
b) Farmers who 
use the land 
 
 

a) 360 village 
groups in 81 
villages 
 
b) Households 
who lose land 

- Land compensation and resettlement 
subsidies respectively*;  
- Replacement land and/or cash payments 
and/or income restoration measures sufficient 
to ensure maintenance of existing economic 
and social conditions 
- Priority should be given to the villages with 
land loss if land reclamation program is 
feasible  
- Priority of temporary job employment during 
construction for the villagers losing cultivated 
land 
- Population requiring production resettlement 
(XXX persons at design year) can get post-
stage support. 

Full compensation for 360 
village groups and land loss 
households, the share 
between land owning group 
and households will be 
determined by villagers’ 
meeting. 
APs are able to contract 
reclaimed land if it is 
available. 

Village meetings to be responsible for 
deciding on the allocation of funds, the 
redistribution of land and investment in 
income generating activities such as 
improved cultivation techniques/ irrigation/ 
small business development/ training. 
 
Higher level authorities to approve and 
monitor village level proposals and, if 
required to facilitate training programs 

Temporary 
loss of 
collective 
land 

Farmers who use 
the land 

(to be identified 
during 
construction)  

- Cash compensation based on AAOV for each 
year land is not available + reinstatement to 
pre-construction condition 

Who lose crops will receive 
full compensation 
according to compensation 
standard. 

Village Committee/farm owners will be 
notified in advance and paid accordingly 

Loss of 
residential 
house 

Owner of the 
building or houses  
 

139 households 
 
 

- Cash compensation at replacement rates for 
all buildings 
- Transition and moving allowances, 
- New plot arrangement by village group or 
cash compensation for housing plot if APs 
select new plot by themselves 

Pay compensation for 
owner of the house/building
 
139 households  

Village groups and APs to decide on 
location of new residential plots. 
 
 

Loss of non- 
residential 
establishme
nts 

a) Legal owner of 
the establishment 
b) Employees 
 
 

3 small 
hydropower 
plants  

- For the enterprises affected by permanent 
business loss: 
(1) Cash compensation for permanent 
business loss if the business cannot be 
restored 
(2) Transitional allowances for salary loss of 
employees up to 6 months 
(3) Priority of temporary job employment during 
construction for APs, and  
(4) Employment information disclosure to APs 
 
For the enterprises affected by temporary 

Full compensation based 
on compensation standards 
social units 

Assistance in finding new site if relocation of 
establishment is unavoidable. 
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Type of 
loss 

Entitled person/ 
group 

No. of entitled 
persons 
/groups 

Compensation policy Compensation 
entitlement Implementation issues 

business loss: 
(1) Cash compensation for land or replacement 
site provided 
(2) Cash compensation for buildings/structures; 
(3) Transitional allowances for lost income; 
(4) Transitional allowances for salary loss of 
employees up to 6 months 
(5) Moving allowance for transport of building 
materials to new families who are relocated 
(not payable in cash); and  
(6) Construction of common property units by 
local government in consultation with 
beneficiary groups 

Crops 
losses 
/ Trees 

Affected people All owners who 
loss crops/trees 

- Crops losses will be compensated at a rate 
equal to the market value of the harvested 
crops 
- Trees will be compensated based on project 
standards  

Full payment direct pay to 
the crop/tree owners 

 

* Cultivated land reclamation fee is also payable to land resource agency rather than APs.   
Source: PPTA Resettlement Plan. 

 
 



 

 

Appendix 1 
33

 

Table AI.11: Summary of the Social Development Action Plan (SDAP): 2011–2014 

Risks and Proposed Actions Target Group(s) Agencies Involved Timing 
Funding 

Requirements and 
Source (‘000 yuan) 

Monitoring Indicators 

A. Mitigation Measures       
Special Support to resettlement affected 
Provide pension insurance and social insurance 
(minimum living standard)  
Options for affected households to select new 
settlement sites 
6 months notice time for affected households to 
select new resettlement sites according to their 
specific tradition (refer to RP) 
Priority employment of affected people  

All affected peoples  
EA/IA, resettlement 
bureau, civil affairs 
bureau, local government  

20011- 
2014 
and 
after 

Included in project 
budget (refer to RP) Refer to RP 

Protection of communities from construction 
disturbances and ensure safe construction practices 
Prohibiting night-time construction and adherence to 
proposed noise standards 
Reconstruction of irrigation and drainage systems  

Around  20,000  
persons close to the 
construction sites 

EA and Contractors 2011– 
2014 

Included in Project 
cost (refer to 
environmental impact 
assessment and 
environmental 
management plan) 

Number and resolution 
of complaints 
Length of irrigation and 
drainage canals, 
percentage of recover 
ratio 

Resettlement and Income recovery for affected 
people (refer to RP) 
Training on non-farming employment skills 
Training of women on employment skills 

Two persons from 
every household 
losing more than 10% 
of their farmland (at 
least 50% female) 

EA, local labor and social 
security bureaus, WF, 
poverty alleviation office 
and other agencies 

2011– 
2014 
and 
after 

Project and local 
government 
(refer to resettlement 
plan)  

Number and kind of 
training, and number of 
participants 
Number of training and 
number of participants 

Control of transmissible infections and health 
conditions through integrated construction safety 
management  
Provide HIV/AIDS and sexually transmitted infections 
(STIs) prevention training of Trainers to safety 
controllers  
Provide HIV/AIDS and prevention training to all 
workers and managers by trained safety controller 
Provide HIV/AIDS posters 
HIV/AIDS and STIs training to service providers and 
villagers 
HIV/AIDS and STIs counseling program 
HIV/AIDS and STIs voluntary testing  

Over 5000 workers, 
mostly rural poor 
each month 
Over 1,000 service 
providers  

EA, Contractors and local 
public health agency  

2011– 
2014 

Included in Project 
cost 

Number of posters  
Number of training 
program and trainees 
Number of tests 

Fishing Issues 
Construction of fish pass 
Expansion of fish hatchery 
Monitor the fish pass operation 
Provide compensation to the professional fishermen 
based on fishing ship and its lose 

Fishing villages and 
aquatic development 
management bureau 

EA/IA, fishery 
management bureau, 
local WFs, Civil affairs 
bureau, labor and social 
insurance bureau, PADO 

2011- 
2014 

 CNY 30 million 
include in project 
budget for fish pass, 
fish hatchery and 
community small 
facilities 

 Length of fish pass 
Days of fish pass 
operation 
Fish variety and stock 
Number of fishing 
households subsidized 
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Risks and Proposed Actions Target Group(s) Agencies Involved Timing 
Funding 

Requirements and 
Source (‘000 yuan) 

Monitoring Indicators 

Provide training and alternative income generation 
assistance 

Included in 
government existing 
programs for poverty 
reduction of 
professional fishermen 
in four rivers 
included in project 
costs 

No. of fisherman trained 
No. of fisher households 
established alternative 
income 
 Income level 
Number of community 
facilities improved 

B. Enhancement Measures       
Preference to local people for construction work and 
other services 
Priority to local labor in general. Targets:  
70% local labor for unskilled work. 
50% women for unskilled labor in landscaping 
Use of local construction materials, e.g. rock, gravel, 
clay, cement 
Seedlings exclusively from local nurseries 

About 10,000 people 
and 3,000 women.  EA, Contractors and ADB 2011– 

2014 
Included in Project 
cost. 

Number of local people 
(male and female, poor 
and non-poor) 
disaggregated data) 
Source of construction 
materials (interview to 
Contractors) 
Source of seedlings  
(interview to 
Contractors) 

Tourism promotion 
Advertising of tourism sites at each ports along 
Xiangjiang River. 
Increased promotion of key sites 

Tourists and tourism 
agents.   

Local government and its 
tourism bureaus 

2012– 
2014 

Government and 
tourism sector 

Number of 
advertisements 
Number of tourists (local 
and outside tourists) 
Tourism income 

Capacity building to facilitate employment:  
Provide training to adult poor and women for farming 
or off-farming income generation business 
Provide short term training for capture non-farming 
job 
Provide micro-credit for income generation business  
Provide tuition fee subsidy to children in poor 
households to attend technical vocational study.  
Coordinate job information for migration labors 
Provide education to migration labors on labor 
contract and right issues 

Eliminate Zero 
employment 
households of the  
documented poor 
households with work 
force, priorities given 
to poor women 

Local poverty alleviation 
office, labor and social 
insurance bureau, WFs, 
and other technical 
bureaus  

2011- 
2014 
and 
after 

Local government 
agencies budget 

No. of trained/employed 
poor (Male and female) 
No. of students 
supported 
No. of poor households 
benefits 
Percentage of poor 
household with work 
force gets rid of zero 
employment.  
Amount of credit 
disbursed, number of 
borrowers, and type of 
activities (male and 
female disaggregated 
data) 
Income generated 
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Risks and Proposed Actions Target Group(s) Agencies Involved Timing 
Funding 

Requirements and 
Source (‘000 yuan) 

Monitoring Indicators 

% of family entirely 
involved urban 
employment 

Small landing stage 
147 Villages along 
river bank in the 
project area 

Community and IA/EA 2011-
2014 

Included in project 
budget 

 Number of landing 
stages 
 Number of beneficiaries 

 Gender awareness training to IA/EA staff IA/EA staff IA/EA and consultant 2011-
2014 

Included in project 
budget for institutional 
capacity building 

 % of staff trained 
 Actions take to facilitate 
women’s employment in 
the project 
% of women 
employment in the 
project temporarily and 
permanently.   

Source: Hunan Transportation Department, NDXC, Hunan Poverty Alleviation Office, County level of bureaus/office of civil affairs, labor and social insurance, poverty 
alleviation and women’s federation. 
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Table A2.1: Standard Values of Water Environmental Quality 
Item Unit Class II Class III Class IV 

pH Value non-dimensional 6～9 6～9 6～9 

SS  - - - 

DO mg/L ≥6 ≥5 ≥3 

Permanganate Index mg/L ≤4 ≤6 ≤10 

COD mg/L ≤15 ≤20 ≤30 

BOD5 mg/L ≤3 ≤4 ≤6 

Ammoniacal nitrogen mg/L ≤0.5 ≤1.0 ≤1.5 

Total Phosphorus mg/L ≤0.1 ≤0.2 ≤0.3 

Total Nitrogen mg/L ≤0.5 ≤1.0 ≤1.5 

Cu mg/L ≤1.0 ≤1.0 ≤1.0 

Zn mg/L ≤1.0 ≤1.0 ≤2.0 

Fluoride mg/L ≤1.0 ≤1.0 ≤1.5 

Se mg/L ≤0.01 ≤0.01 ≤0.02 

As mg/L ≤0.05 ≤0.05 ≤0.1 

Hg mg/L ≤0.00005 ≤0.0001 ≤0.001 

Cd mg/L ≤0.005 ≤0.005 ≤0.005 

Cr 6+ mg/L ≤0.05 ≤0.05 ≤0.05 

Pb mg/L ≤0.01 ≤0.05 ≤0.05 

Cyanide mg/L ≤0.05 ≤0.2 ≤0.2 

Ar-OH mg/L ≤0.002 ≤0.005 ≤0.01 

Oil mg/L ≤0.05 ≤0.05 ≤0.5 

LAS mg/L ≤0.2 ≤0.2 ≤0.3 

Sulfide mg/L ≤0.1 ≤0.2 ≤0.5 

Fecal Coliform Number/L ≤2000 ≤10000 ≤20000 
Class III standards in Quality Standard for Ground Water (GB/T14848-1993). 

 
Table A2.2: Evaluation Standards of Shallow Groundwater 

Unit: mg/L, Total coliform: number/L 

Item pH CODMn Ammonia 
nitrogen Cu Cd Pb Hg Cr6+ chloride GH Phosphate Total 

Coliform 

Standard 6.8～8.5 - - 0.05 0.001 0.01 0.00005 0.01 150 300 - 3 
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Table A2.3: Water quality data for March 2010  
(Units: mg/l, except pH, and coliforms (No. / litre) 

Location Item pH SS DO CODMn CODCr BOD5 NH6 TP TN Cu Zn F Sn Hg Cd Cr8+ Pb Cyanide Ar-OH Oil LAS Sulphide
Faecal

coliform

Jinweizhou  

dam site 

Mean 8.33 16 8.3 4.1 5.72 2.0L 0.12 0.05 2.19 0.01L 0.01 0.14 0.007L 0.00005L 0.0006 0.004L 0.0029 0.004L 0.0003L 0.026 0.05L 0.007 1011 

Max. 8.56 25 9.2 5.1 10.10 2.0L 0.14 0.07 2.38 0.01L 0.01 0.15 0.007L 0.00005L 0.0012 0.004L 0.0066 0.004L 0.0003L 0.030 0.05L 0.010 1700 

Songbai 
Mean 8.28 15 8.5 4.3 8.12 2.0L 0.31 0.04 2.35 0.01L 0.07 0.16 0.007L 0.00005L 0.0021 0.004L 0.0044 0.004L 0.0003L 0.029 0.05L 0.007 9233 

Max 8.39 24 9.5 5.1 10.30 2.0L 0.43 0.06 2.54 0.01L 0.18 0.19 0.007L 0.00005L 0.0030 0.004L 0.0106 0.004L 0.0003L 0.031 0.05L 0.009 54000

Tugutang  

dam site 

Mean 8.23 15 9.2 3.8 8.96 2.0L 0.12 0.06 2.70 0.01L 0.02 0.21 0.007L 0.00005L 0.0038 0.004L 0.0027 0.004L 0.0003L 0.032 0.05L 0.007 12956

Max. 8.42 25 10.0 4.5 12.70 2.0L 0.13 0.07 2.92 0.01L 0.03 0.22 0.007L 0.00005L 0.0042 0.004L 0.0040 0.004L 0.0003L 0.035 0.05L 0.010 35000

Quanzi 
Mean 8.24 16 9.7 3.9 7.72 2.0L 0.10 0.05 2.56 0.01L 0.02 0.21 0.007L 0.00005L 0.0031 0.004L 0.0020 0.004L 0.0003L 0.033 0.05L 0.007 8644 

Max. 8.37 25 10.2 4.7 9.75 2.0L 0.11 0.07 2.81 0.01L 0.03 0.22 0.007L 0.00005L 0.0037 0.004L 0.0034 0.004L 0.0003L 0.037 0.05L 0.009 22000

Yishui 
Mean 8.14 10 8.7 4.4 5.65 2.0L 0.31 0.08 2.32 0.01L 0.01 0.21 0.007L 0.00005L 0.0006 0.004L 0.0017 0.004L 0.0003L 0.022 0.05L 0.006 73967

Max. 8.19 11 9.9 4.9 9.53 2.0L 0.51 0.11 2.43 0.01L 0.01 0.22 0.007L 0.00005L 0.0008 0.004L 0.0023 0.004L 0.0003L 0.024 0.05L 0.009 160000

Lijiang 
Mean 8.18 34 8.2 8.6 18.30 2.0L 0.55 0.06 2.40 0.01L 0.01 0.25 0.007L 0.00005L 0.0008 0.004L 0.0015 0.004L 0.0003L 0.031 0.05L 0.004 32067

Max. 8.39 45 8.7 9.1 20.80 2.0L 0.57 0.09 2.53 0.01L 0.01 0.26 0.007L 0.00005L 0.0010 0.004L 0.0019 0.004L 0.0003L 0.039 0.05L 0.007 92000

Chonglingshui 
Mean 8.49 19 9.6 3.3 4.61 2.0L 0.09 0.04 1.74 0.01L 0.01 0.32 0.007L 0.00005L 0.0009 0.004L 0.0031 0.004L 0.0003L 0.032 0.05L 0.006 8517 

Max. 8.57 29 10.1 3.5 8.74 2.0L 0.10 0.05 1.90 0.01L 0.01 0.34 0.007L 0.00005L 0.0013 0.004L 0.0062 0.004L 0.0003L 0.034 0.05L 0.008 17000

L = limit of detection. 
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Table A2.4: Water quality data for May 2010(Units: mg/l, excedpt pH, and coliforms  
(No./litre)  

Location Item pH SS DO CODMn CODCr BOD5 NH6 TP TN Cu Zn F Sn Hg Cd Cr8+ Pb Cyanide Ar-OH Oil LAS Sulphide
Faecal 

coliforms

Jinweizhou  

dam site 

Mean 7.79 6 7.2 1.7 7.66 0.7 0.04 0.05 1.74 0.01L 0.01L 0.09 0.0022 0.00005L 0.0007 0.004L 0.0021 0.004L 0.0003L 0.021 0.05L 0.010 7856 

Max. 7.82 7 7.6 2.3 10.10 0.8 0.05 0.06 1.89 0.01L 0.01L 0.09 0.0044 0.00005L 0.0014 0.004L 0.0084 0.004L 0.0003L 0.024 0.05L 0.013 13000 

Songbai 
Mean 7.80 5 7.5 1.9 8.88 1.0 0.06 0.05 1.66 0.01L 0.01L 0.10 0.0276 0.00005L 0.0005 0.004L 0.0036 0.004L 0.0003L 0.023 0.05L 0.013 5878 

Max. 7.84 6 8.3 2.5 15.20 1.2 0.08 0.05 1.78 0.01L 0.01L 0.11 0.0354 0.00005L 0.0014 0.004L 0.0125 0.004L 0.0003L 0.030 0.05L 0.023 11000 

Tugutang dam site 
Mean 7.81 6 7.4 1.9 6.43 0.6 0.06 0.12 1.62 0.01L 0.01L 0.11 0.0097 0.00005L 0.0012 0.004L 0.0035 0.004L 0.0003L 0.027 0.05L 0.010 2400 

Max. 7.90 8 7.8 2.3 7.87 0.8 0.07 0.60 1.75 0.01L 0.01L 0.14 0.0128 0.00005L 0.0020 0.004L 0.0064 0.004L 0.0003L 0.033 0.05L 0.011 11000 

Quanzi 
Mean 7.85 7 7.3 1.9 5.69 0.6 0.04 0.05 1.59 0.01L 0.01L 0.12 0.0088 0.00005L 0.0012 0.004L 0.0023 0.004L 0.0003L 0.022 0.05L 0.011 1267 

Max. 7.90 9 7.6 2.3 7.75 0.7 0.05 0.06 1.66 0.01L 0.01L 0.14 0.0130 0.00005L 0.0021 0.004L 0.0037 0.004L 0.0003L 0.026 0.05L 0.013 2700 

Yishui 
Mean 7.76 11 6.1 2.4 10.53 1.1 0.11 0.06 2.09 0.01L 0.01L 0.17 0.0105 0.00005L 0.0003 0.004L 0.0011 0.004L 0.0003L 0.026 0.05L 0.012 10967 

Max. 7.78 13 6.4 3.0 13.50 1.3 0.12 0.06 2.13 0.01L 0.01L 0.18 0.0144 0.00005L 0.0004 0.004L 0.0024 0.004L 0.0003L 0.026 0.05L 0.013 17000 

Lijiang 
Mean 7.63 13 5.5 4.7 16.93 1.9 0.10 0.06 1.54 0.01L 0.01L 0.18 0.0037 0.00005L 0.0002 0.004L 0.0010 0.004L 0.0003L 0.025 0.05L 0.008 40667 

Max. 7.67 15 5.9 4.9 18.80 2.0 0.11 0.06 1.60 0.01L 0.01L 0.19 0.0044 0.00005L 0.0004 0.004L 0.0028 0.004L 0.0003L 0.031 0.05L 0.010 92000 

Chongling 
Mean 7.94 6 8.0 2.0 8.01 1.0 0.05 0.05 2.03 0.01L 0.01L 0.20 0.0119 0.00005L 0.0004 0.004L 0.0019 0.004L 0.0003L 0.022 0.05L 0.010 6167 

Max. 7.99 9 8.4 2.5 9.14 1.3 0.06 0.05 2.14 0.01L 0.01L 0.20 0.0146 0.00005L 0.0008 0.004L 0.0069 0.004L 0.0003L 0.024 0.05L 0.013 13000 
L = limit of detection. 
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MAIN VEGETATION COMMUNITIES IN CHINA AS DESCRIBED IN VEGETATION IN CHINA 

 
I. EVERGREEN BROAD-LEAVED FOREST 

1. Cinnamomum camphora forest 
2. Castanopsis sclerophylla and Cinnamomum camphora forest 

 
II. DECIDUOUS BROAD-LEAVED FOREST 

3. Pistacia chinensis + Dalbergia hupeana forest 
4. Robinia pseudoacacia forest 
5. Liquidambar formosana forest  
6. Pterocarya stenoptera forest 

 
III. LOW MONTANE AND HILL BAMBOO FOREST 

7. Phyllostachys pubescens forest 
8. Phyllostachys congesta forest 
9. Phyllostachys nidularia forest 

 
IV. CONIFEROUS FOREST 

10. Pinus massoniana forest 
11. Pinus elliottii forest  
12. Cunninghamia lanceolata forest 

 
V. SHRUBLAND 

13. Rhus chinensis shrubland 
14. Broussonetia papyrifera shrubland 
15. Arundo donax shrubland 
16. Loropetalum chinense shrubland 
17. Quercus fabri shrubland 
18. Caesalpinia decapetala shrubland 
19. Glochidion puberum shrubland 
20. Mallotus apelta shrubland 

 
VI. SHRUB-GRASSLAND 

21. Dicranopteris dichotoma shrub-grassland 
22. Imperata cylindrica shrub-grassland 
23. Melilotus albus shrub-grassland (newly-discovered recorded species in the purple hills 

in Hunan) 
24. Miscanthus floridulus shrub-grassland 

 
VII. MEADOW 

25. Miseanthus sinensis var. purpurascens meadow 
26. Hemarthria altissima meadow 
27. Cynodon daetylon meadow 
28. Paspalum distichum meadow 
29. Phalaris arundinacea meadow 
30. Carex brevicuspis meadow 
31. Carex unisexualis meadow 
32. Polygonum hydropiper meadow 
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VIII. SWAMP 
33. Phragmites comminis swamp 
34. Zizania caduciflora swamp 
35. Typha angustifolia swamp 
36. Eleocharis pauciflora swamp 
37. Colocasia esculentum var. antiquorum swamp 
38. Nuphar pumila swamp 
39. Acorus calamus swamp 
40. Saururus chinensis swamp 

 
IX. AQUATIC VEGETATION 
 

(a) Submerged communities 
 

41. Vallisneria spiralis community 
42. Ceratophyllum demersum community 
43. Hydrilla verticillata community 
44. Myriophyllum spicatum community 
45. Potamogeton crispus community 

 
(b) Floating communities 

 
46. Trapa incisa community 
47. Nymphoides peltatum community 
48. Alternanthera philoxeroides community 
49. Ludwigia x taiwanensis community 
50. Potamogeton distinctus community 

  
(c) Emerging communities 

 
51. Nelumba nueifera community 
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Table A3.1: Inventory Of Ancient Trees 
 

No. Species (common and Latin 
names) 

Diameter 
cm 

Height 
m Age Notes 

1 Camphor tree Cinnamomum 
camphora 70 10 110 Datang Group, Binhe Village, Yunji Town, 

Hennan County 
2 Camphor tree 120 16 150 Roushun Group, Gaobao Village, Yunji 

Town, Hennan County 
3 Chinese tallow Sapium 

sebiferum 50 10 100 Mayitang Group, Jinpen Village, Songjiang 
Town, Hennan County 

4 Chinese honey locust Gleditsia 
sinensis 60 12 100 Zhushu Group, Daling Village, Songjiang 

Town, Hennan County 
5 Chinese Weeping Cypress 

Cupressus funebris  40 15 100 Shuozi Group, Yaotang Village, Songjiang 
Town, Hennan County 

6 Chinese Weeping Cypress 40 13 100 Daxingzao Group, Yaotang Village, 
Songjiang Town, Hennan County 

7 Chinese Bishopwood Bischofia 
polycarpa 60 12 100 Quantang Group, Xiqiao Village, Songjiang 

Town, Hennan County 
8 Chinese Bishopwood  60 13 100 Zhutang Group, Xiqiao Village, Songjiang 

Town, Hennan County 
9 Chinese Bishopwood  64 14 110 Dashan Group, Gaojiang Village, 

Songjiang Town, Hennan County 
10 Chinese Bishopwood  60 15 100 Puli Group, Xiqiao Village, Songjiang 

Town, Hennan County 
11 Chinese Bishopwood  62 13 100 Tietang Group, Zhongmu Village, 

Songjiang Town, Hennan County 
12 Chinese Bishopwood  62 13 100 Liusi Group, Bailou Village, Songjiang 

Town, Hennan County 
13 Chinese Bishopwood  62 13 100 Xincun Group, Zhongling Village, 

Songjiang Town, Hennan County 
14 Chinese Bishopwood  63 13 100 Ertou Group, Zhongling Village, Songjiang 

Town, Hennan County 
15 Chinese Bishopwood  100 15 130 Hetiantang Group, GuanzhiVillage, 

Songjiang Town, Hennan County                  
16 Chinese Bishopwood  98 15 130 Hetiantang Group, GuanzhiVillage, 

Songjiang Town, Hennan County                  
17 Chinese Bishopwood  110 12 140 Shiyanzao Group, GuanzhiVillage, 

Songjiang Town, Hennan County 
18 Chinese Bishopwood  70 13 100 Xinglong Group, Manjin Village, Songjiang 

Town, Hennan County 
19 Chinese Bishopwood  70 14 100 Qiaotou Group, Zhenyu Village, Songjiang 

Town, Hennan County 
20 Chinese Bishopwood  100 15 130 Dazhenkou Group, Beitian Village, 

Songjiang Town, Hennan County 
21 Chinese Bishopwood  110 14 150 Changtian Group, Beitian Village, 

Songjiang Town, Hennan County 
22 Chinese Bishopwood  90 13 120 Xiawei Group, Hulin Village, Songjiang 

Town, Hennan County 
23 Chinese Bishopwood  70 13 100 Xinglong Group, Manjin Village, Songjiang 

Town, Hennan County 
24 Chinese Bishopwood  64 13 100 Mianhuachong Group, Zhongling Village, 

Songjiang Town, Hennan County 
25 Chinese Bishopwood  64 13 100 Songshanling Group, Zhongling Village, 

Songjiang Town, Hennan County 
26 Chinese Bishopwood  60 13 100 Mayitang Group, Jinpen Village, Songjiang 

Town, Hennan County 
27 Chinese Bishopwood  60 11 100 Yalan Group, Qunli Village, Songjiang 

Town, Hennan County 
28 Chinese Bishopwood  70 12 100 Luoboshan Group, Qunli Village, 

Songjiang Town, Hennan County                  
29 Chinese Bishopwood  60 14 100 Shitoutang Group, Jinpen Village, 

Songjiang Town, Hennan County 
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No. Species (common and Latin 

names) 
Diameter 

cm 
Height 

m Age Notes 

30 Chinese Bishopwood  70 13 100 Baizu Group, Jinpen Village, Songjiang 
Town, Hennan County 

31 Chinese Bishopwood  70 13 100 Zhouao Group, Zhoujia Village, Songjiang 
Town, Hennan County 

32 Chinese Bishopwood  64 14 100 Guantangbei Group, Zhoujia Village, 
Songjiang Town, Hennan County 

33 Chinese Bishopwood  64 14 100 Shiyaochong Group, Zhoujia Village, 
Songjiang Town, Hennan County 

34 Chinese Bishopwood  62 13 100 Longting Group, Zhoujia Village, Songjiang 
Town, Hennan County 

35 Chinese Bishopwood  62 13 100 Longhuatang Group, Zhoujia Village, 
Songjiang Town, Hennan County 

36 Chinese Bishopwood  62 13 100 Liusi Group, Yanglou Village, Songjiang 
Town, Hennan County 

37 Chinese Bishopwood  62 13 100 Xinchong Group, ZhonglingVillage, 
Songjiang Town, Hennan County 

38 Chinese Bishopwood  63 13 100 Ertou Group, ZhonglingVillage, Songjiang 
Town, Hennan County 

39 Chinese Bishopwood  100 15 100 Hetiantang Group, GuanzhiVillage, 
Songjiang Town, Hennan County 

40 Chinese Bishopwood  110 12 100 Shiyanzao Group, GuanzhiVillage, 
Songjiang Town, Hennan County 

41 Chinese pistachio Pistacia 
chinensis 50 13 100 Shuozi Group, Yaotang Village, Songjiang 

Town, Hennan County 
42 Chinese pistachio  50 13 100 Quanji Group, Yaotang Village, Songjiang 

Town, Hennan County 
43 Chinese pistachio  50 12 100 Tangjia Group, Yaotang Village, Songjiang 

Town, Hennan County 
44 Chinese pistachio  40 12 100 Mayitang Group, Jinpen Village, Songjiang 

Town, Hennan County 
45 Chinese pistachio  60 13 100 Xiaojiazao Group, Jinpen Village, 

Songjiang Town, Hennan County 
46 Chinese pistachio  40 12 100 Hetang Group, Manjin Village, Songjiang 

Town, Hennan County                                   
47 Camphor tree  50 15 100 Sunlaowu Group, YaotangVillage, 

Songjiang Town, Hennan County 
48 Camphor tree  60 12 100 Sunjia Group, YaotangVillage, Songjiang 

Town, Hennan County 
49 Chinese Sweetgum 

Liquidambar formosana 99 14 120 Six Group, Xinqiao Village, Lijiang Town, 
Hennan County 

50 Camphor tree 118 12 270 Laozuo Group, Dashi Village, Lijiang 
Town, Hennan County 

51 Chinese Bishopwood Bischofia 
polycarpa 70 8 200 Er Group, Qujia Village, Tanxia Town, 

Leiyang County   
52 Camphor tree  147 25 350 Laohutang Group, TianqinVillage, Songbai 

Town, Changning County   
53 Camphor tree  134 25 200 Laohutang Group, TianqinVillage, Songbai 

Town, Changning County 
54 Camphor tree  198 14 350 Chenjiawan Group, TianqinVillage, 

Songbai Town, Changning County 
55 Chinese Bishopwood 99 26 200 Xiatang Group, Dayu Village, Songbai 

Town, Changning County 
56 Chinese Sweetgum 130 28 200 Duochong Group, SanxiangVillage, 

Songbai Town, Changning County 
57 Wild vitex Vitex quinata 60 6 250 Duochong Group, SanxiangVillage, 

Songbai Town, Changning County 
 



Appendix 3 5 

Table A3.2: Amphibians 

Species  
(common and Latin names) 

Distribution 

A
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ANURA          

Bufonidae          

1 Asiatic toad Bufo gargarizans     � +++ T ○ c 

Hylidae          

2 Common Chinese Treefrog Hyla chinensis   �   ++ A ○ F 

Ranidae          

3 Gunther's Amoy Frog Hylarana guentheri   �   +++ R ○ C 

4 Rice frog Fejervarya multistriata   �   +++ T ○ C 

5 Chinese Edible Frog Hoplobatrachus rugulosus   �   + R * C 

6 Hubei Gold-striped Pond Frog Pelophylax 
hubeiensis   �   +++ R ○ C 

7 Black-spotted pond frog Pelophylax 
nigromaculatus*     � +++ R ○ C 

Rhacohporidae          

8 White-lipped Tree Frog Rhacophorus 
megacephalus   �   + A ○ F 

Microhylidae          

9 Arcuate-spotted Pygmy Frog Microhyla heymonsi   �   +++ T ○ C 

10 Ornate Narrow-mouthed Frog Microhyla ornate   �   +++ T ○ C 

������:�—“��������”;○—“�����������������������������”�* —������������ 
Abundance: +++ high, ++ medium, + few.  
Ecotype: A – arboreal, T - terrestrial, R – aquatic. 
Protection Class: National Protection Class II; 0 economic or scientific value; * special in China. 
Reference: C captured. F investigation and research, Z publications.  
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Table A3.3: List of Reptiles 

Species 
(common and Latin names) 

Distribution 

A
bu

nd
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ce
 

Pr
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tio

n 
C
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ce
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M
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th
 

C
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TESTUDINATA         

Bataguridae         

1 Chinese Pond Turtle Chinemys reevesii     � + ○ F 

Trionychidae         

2  Chinese Soft Shelled Turtle Pelodiscus sinensis     � + ○ C 

LACERTILIFORMES         

Gekkonidae         

3 Japanese Gecko Gekko japonicus     � ++ ○ C 

Scincidae         

4 Chinese skink Eumeces chinensis*   �   + ○ C 

5 Spotted Writhing Skink Lygosoma maculatum   �   +++ ○ C 

Lacertidae         

6 Northern grass lizard Takydromus septentrionali *     � ++ ○ C 

SERPENTIFORMES         

Colubridae         

7 Greater Green Snake  Cyclophiops major   �   ++ ○ F 

8 Red-banded snake Dinodon rufozonatum     � +++ ○ C 

9 King ratsnake  Elaphe carinata   �   ++ ○ C 

10 Rein snake Elaphe frenata   �   +  F 

11 Beauty snake Elaphe tarniura     � ++ ○ C 

12 Rice Paddy Snake Enhydris plunbea   �   ++ ○ F 

13 tiger keelback Phabdophis tigria     � ++ ○ C 

14 Indo-Chinese Rat snake Ptyas korros   �   +++ ○ C 

15 Oriental Rat Snake Ptyas mucosus   �   + ○ C 

16 Chinese Mountain Snake Sibynophis chinensis   �   + ○ F 

17 Chinese ratsnake Zaocys dhumnades     � ++ ○ C 

Elapidae         

18 Many-banded krait Bungarus multicinctus   �   ++ ○ F 

19 Chinese Cobra Naja atra   �   + ○ C 

Crotalidae         

20 Short-tailed mamushi. Gloydius brevicaudus     � ++ ○ C 
Abundance: +++ high, ++ medium, + few.  
Protection Class: National Protection Class II; ‘o’ economic or scientific value; * special in China. 
Reference: C captured. F investigation and research, Z publications.  
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PODICIPEDIFORMES        

Podicipedidae        

1 Little Grebe Tachybaptus ruficollis �   R 1 ○ C 

CICONIIFORMES        

Ardeidae        

2 Little Egret Egretta garzetta �   S 32 ○ C 

3 Intermediate Egret E. intermedia �   S 8 ○ C 

4 Great egret E. alba   � S 2 ○ C 

5 Chinese Pond Heron Ardeola bacchus �   S 24 ○ C 

6 Cattle Egret Bubulcus ibis �   S 27 ○ C 

7 Black-crowned Night Heron Nycticorax nycticorax   � S 2 ○ C 

FALCONIFORMES        

Accipitridae        

8 Chinese Sparrowhawk Accipiter soloensis �   R  * F 

9 Besra A. virgatus �   R  * F 

10 Common Buzzard Buteo buteo  �  W 1 * C 

Falconidae        

11 Common Kestrel Falco tinnunculus �   R 2 * C 

GALLIFORMES        

Phasianidae        

12 Common Quail Coturnix coturnix  �  W  ○ F 

13 Chinese Bamboo-partridge Bambusicola thoracica �   R 5 ○ C 

14 Common Pheasant Phasianus colchicus   � R 4 ○ C 

GRUIFORMES        

Rallidae        

15 Water rail Rallus aquaticus �   W  ○ F 

16 White-breasted Waterhen Amaurornis phoenicurus �   S 2 ○ C 

17 Common Moorhen Gallinula chloropus   � S 1 ○ C 

CHARADRIIFORMES        

Charadriidae        

18 Grey-headed Lapwing Vanellus cinereus  �  W 7 ○ C 

ANSERIFORMES        
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Anatidae        

19 Garganey Anas querquedula  �  W 6 ○ C 

COLUMBIFORMES        

Columbidae        

20 Oriental turtle-dove Streptopelia orientalis   � R 8 ○ C 

21 Spotted Dove S. chinensis �   R 24 ○ C 

CUCULIFORMES        

Cuculidae        

22 Common Cuckoo Cuculus canorus   � S 6 ○ C 

23 Himalayan Cuckoo C.saturatus  �  S 5 ○ C 

24. Indian Cuckoo C. micropterus �   S 5 ○ C 

STRIGIFORMES        

Tytonidae        

25 African Grass-owl Yyto capensis �   R 1 * C 

Strigidae        

26 Indian Scops Owl Otus bakkamoena �   R  * F 

27 European Scops Owl O. scops   � R  * F 

28 Asian Barred Owlet Glaucidium cuculoides �   R 4 * C 

29 Short-eared Owl Asio flammeus  �  W  * F 

CAPRIMULGIFORMES        

Caprimulgidae        

30 Indian Jungle Nightjar Caprimulgus indicus �   S 1 ○ C 

CORACIIFORMES        

Alcedinidae        

31 Common Kingfisher Alcedo atthis   � R 6 ○ C 

32 White-throated Kingfisher Halcyon smyrnensis �   R 2 ○ C 

33 Pied Kingfisher Ceryle rudis   � R 1  C 

Upupidae        

34 Hoopoe Upupa epops   � R 1 ○ C 

Meropidae        

35 Blue-throated Bee-eater Merops riridis �   R 2 ○ C 
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PICIFORMES        

Picidae        

36 Rufous Woodpecker Celeus brachyurus �   R  ○ F 

37 Great Spotted Woodpecker Picoides major �   R 2 ○ C 

PASSERIFORMES        

Alaudidae        

38 Oriental Skylark Alauda gulgula �   R 8 ○ C 

Hirundinidae        

39 Barn Swallow  Hirundo rustica   � S 25 ○ C 

40 Red-rumped Swallow H. daurica �   S 20 ○ C 

Motacillidae        

41 White Wagtail Motacilla alba   � R 17 ○ C 

42 Olive-backed Pipit Anthus hodgsoni  �  W 15 ○ C 

43 Upland Pipit A. sylvanus �   R 6 ○ C 

Pycnonotidae        

44 Collared Finchbill Spizixos semitorques �   R 26 ○ C 

45 Light-vented Bulbul Pycnonotus sinensis �   R 48 ○ C 

Laniidae        

46 Long-tailed Shrike Lanius schach �   R 23 ○ C 

47 Brown Shrike L.cristatus  �  R 3  C 

Oriolidae        

48 Golden Oriole Oriolus oriolus �   R  ○ F 

Dicruridae        

49 Black Drongo Dicrurus macrocercus �   S 15 ○ C 

Sturnidae        

50 Crested Myna Acridotheres cristatellus   � R 27 ○ C 

51 Red-billed Starling Sturnus sericeus �   R 24 ○ C 

Corvidae        

52 Eurasian Jay Garrulus glandarius  �  R 3 ○ C 

53 Red-billed Blue Magpie Urocissa erythrorhyncha �   R  ○ F 

54 Magpie Pica pica  �  R  ○ F 

Muscicapidae        
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Turdinae        

55 Oriental Magpie Robin  Copsychus saularis �   R 3 ○ C 

56 Plumbeous Water-redstart Rhyacornis fuliginosus �   R 6  C 

57 Daurian Redstart Phoenicurus auroreus  �  W  ○ Z 

58 Red-flanked Bluetail Tarsiger cyanurus  �  W  ○ Z 

59 Little Forktail Enicurus scouleri �   R 3  C 

60 Common Blackbird Turdus merula   � R 21  C 

Timaliinae        

61 Masked Laughingthrush Garrulax perspicillatus �   R 2 ○ C 

62 Chinese Hwamei G. canorus �   R 2 ○ C 

63 White-browed Laughingthrush G. sannio �   R  ○ Z 

64 Vinous-throated Parrotbill Paladoxornis webbianus �   R 20  C 

Sylviinae        

65 Brownish-flanked Bush Warbler Cettia fortipes �   R 15  C 

66 Rufous-faced Warbler Abroscopus albogularis �   R 8 ○ C 

67 Tawny-flanked Prinia Prinia subflava �   R 11  C 

68 Striated Prinia Prinia criniger �   R 3 ○ C 

Muscicapinae        

69 Paradise-flycatchers Terpsiphone paradise �   R 2 ○ C 

Paridae        
70 Great Tit Parus major   � R 19 ○ C 

71 Yellow bellied tit Pardaliparus venustulus �   R 15 ○ C 

72 Black-throated Tit Aegithalos concinnus �   R 16 ○ C 

Ploceidae        

73 Eurasian Tree Sparrow Passer montanus   � R 27 ○ C 

74 White-rumped Munia Lonchura striata �   R 30  C 

75 Scaly-breasted Munia L. punctulata �   R 10  C 
Passeridae        
76 Oriental Greenfinch Carduelis sinica   � R 7 ○ C 
77 Little Bunting Emberiza pusilla  �  W  ○ Z 
78 Black-faced Bunting E. spodocephala  �  W  ○ Z 
79 Meadow Bunting E. cioides  �  R 5 ○ C 
80 Crested Bunting Melophus lathami �   R  ○ Z 
Status:  R = resident, W – winter visitor, S – summer visitor. 
Protection Class: National Protection Class II; 0 economic or scientific value; * special in China.  
Reference: C captured. F investigation and research, Z publications.  
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INSECTIVORA       

Erinaceidae       

1 European Hedgehog Erinaceus europaeus  �  ++ ○ F 

Soricidae       

2 Common Shrew Sorex araneus �   +  Z 

3 Japanese water shrew Chimarogale platycephala �   +  F 

CHIROPTERA       

Vespertilionidae       

4 Japanese pipistrelle Pipistrellus abramus   � ++  F 

LAGOMORPHA       

Leporidae       

5 Chinese Hare Lepus s. sinensis �   +++ ○ C 

RODENTIA       

Sciuridae       

6 Swinhoe's Striped Squirrel Tamiops swinhoei �   ++ ○ F 

Muridae       

7 black rat Rattus rattus �   ++  Z 

8 Brown rat Rattus norvegicus �   +++  C 

9 Sulphur-bellied rat Rattus niviventer �   + ○ C 

10 house mouse Mus musculus   � ++  C 

11 wild mountain mouse Rattus fulvescens �   ++  F 

12 buff-breasted rat Rattus flavipectus �   ++  C 

Rhizomyidae       

13 Chinese Bamboo Rat Rhizomys sinensis �   + ○ F 

14 Hoary Bamboo Rat Rhizomys pruinosus �   + ○ F 

Hystricidae       

15 Himalayan Porcupine Hystrix hodgsoni �   + ○ F 

CARNIVORA       

Mustelidae       
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16 Siberian Weasel Mustela sibirica �   +++ ○ C 

17 Yellow-bellied Weasel Mustela kathiah �   ++ ○ F 

18 Chinese Ferret-badger Melogale moschata  �  +++ ○ C 

19 Hog Badger Arctonyx collaris   � + ○ Z 

Viverridae       

20  Small Indian Civet Viverricula indica   �   + * F 

ARTIODACTYLA        

Suidae       

21 China wild boar Sus scrofa chirodontus   � + ○ F 
Abundance: +++ high, ++ medium, + few.  
Protection Class: National Protection Class II; 0 economic or scientific value; * special in China. 
Reference: C captured. F investigation and research, Z publications.  
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Table A4.1: List of Plankton 
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U D U D U D U D U D U D U D U D U D U D U D U D
Bacillariophyta                         
 Melosira varians + + + + + + + + + + + + + + + + + + + + + + + + 
 M. granulata var.angustissima + + + + + + + + + + + + + + + + + +  +  + + + 
 M. islandica +           +  + + +  +       
 Pinnularia gibba    + +   +  +   +           + 
 P. divergentissima    +   +  +      +  +        
 P. viridis   +  + + +      +  +    +  +  +  
 P. interrupta +    +       +    +   +    + + 
 P. gentilis             +    +  +  +  + + 
 Neidium kozolowi  +  + +              +      
 Stephanodiscus astraea        +  +         +      
 Coscinodiscus lacustris        +  +    +  + + + +      
 Cymatopleura solea                + +       + 
 C. elliptica var. constricta     +                    
 Cymbella cistula + + + + + +   +  + +       +    +  
 C. cymbiformis  +  +  +  +           +      
 C. laevis  +  +  +    +    +     +  + + +  
 C. tumida + + + + +     +             +  
 C. pusilla  +  +  +    +         +    +  
 C. ehrenbergii  +  + + +    + + + + + + +   + +  + + + 
 Navicula cuspidada + + +  +    +           +  + +  
 N. cuspidada var. ambigua                  +     +  
 N. capitata  +     +     +  +  + + +   +    
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 N. viridula +   + +  +  +           +     
 N. rotaeana  +  +                     
 N. placentula              +   +        
 N. rodiosa  + +   +  +    + +            
 N. amphibola         +    + +       + + +  
 N. cincta +   + +  +  + + +   +  +    + + + + + 
 N. minima  +        +               
 N. rhynchocephala         + + + + + + + + + + +  +  +  
 N. cryptocephala +  +  +  +  +  + + +  +  +   +  +  + 
 N. cari +                        
 Achnanthes exigua  +  +  +  +   + +  +  +  +      + + 
 Stauroneis anceps    +      + + +  + + +  +  + + +   
 S. anceps f. linearis  +                +   + +   
 S. pygmaea       +                 + 
 Cocconeis placentula  + +  +  +  + + +   +  + +  + + + + + + 
 C. pendiculus +  +          +  +    + + +  +  
 Gyrosigma kÜtzingii  + + + +     + + +   + + + + + + +    
 G. acuminatum  +   +       +       +  + +  + 
 Fragilaria  capucina +  + + + + + +   +  + + + + + + + + + + + + 
 F. crotonensis +  + + +   + + + + + + + + +  + + + + + + + 
 F.sp.  +       +   +      +       
 Synedra acus +  +  + + +  + + +  + + + + + + + + + + + + 
 S. ulna  +  + + + + +  +   + + +  +  +  +    
 S. affinis     + +          +   +  +  +  
 S. vaucheriae           +              
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 S. amphicephala  + + + + + +  + + + +   +  +    + +  + 
 Asterionella formosa     + + +  +  +  + + +  +     +  + 
 Diatoma vulgare      +                   
 D. elongatum + +        +  +   + +    +   +  
 Attheya zachariasi  +      +  +               
 Gomphonema intricatum + + + + + +   + +   + +   +  + +   +  
 G. constrictum +    +  +   +  + +  +  +   +  + + + 
 G. constrictum var.capitata + +   +         +     +     + 
 Surirella robusta  + + + + + +  +  +    + +    + +   + 
 S. linearis    + + +   +    +  + + + + + + + +   
 S. capronii  +  +  +   + + +   + +  + + + +  + +  + 
 S. ovata        +    + +       + +   + 
 S. spiralis   +        +          +    
 Mastogloia smithii   +  + +     +      +   +  +  +  
 M. smithii var. amphicephala  +    +                   
 Amphipleura pellucida    +          +           
 Biddulphia sp.        +                 
 Ceratoneis arcus        +                 
Chlorophyta                         
 Pediastrum  clathratum + + +  + + + + + + +  + + + + +  + + + +  + 
 P.simplex +   +  + + +  +  +    + + + + +   +  
 P. simplex var.duodenarium +       +       +  + +   +    
 P. boryanum   +  +  +  +  + + +  +  +   +  + + + 
 P. duplex var. gracillimum +  + + + +  + + + +     + + + + + +  + + 
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 Chlorella  vulgaris + + + + + + + + + + + + + + + + + + + + + + + + 
 C. pyrenoidosa       + +    +  +   + +    + +  
 C. ellipsoidea  + + +   + + + + +     +       +  
 Scenedesmus quadricauda +  +  +  + + + + +  + + + + +  + +  +  + 
 S.  bijuga  + +     + + +  +   +  +  + +  + +  
 S.dimorphus +    +  +  +      +  +      + + 
 S.  arcuatus    + +          + +        + 
 S.  acuminatus       +    +              
 Ankistrodesmus falcatus var. mirabilis   +  +  +  + +   +  + + + +   +  + + 
 A. acicularis +  +   +  + + + +   + +  +    + + + + 
 A. convolutus      +           +        
 Kirchneriella lunaris     +                   + 
 Characium limneticum +  +       +   +   + + +   +  +  
 Crucigenia apiculata               +   +       
 C. quadrata       +   +   +  +         + 
 Treubaria crassispina      +         +         + 
 Chlamydomonas  sp. +  +  +  + + + + +  +  +  + +  +  + + + 

 Eudorina elegans +    +  + + + + +  + + + + + +  +    + 

 Pandorina. morum + + + + +   + + + +    + + + +  +  +  + 

 Westellopsis linearis        +  +  +       +      

 Actinastrum hantzschii +    +  +  + + +  +  +  +   +    + 

 Closterium moniliforum             +   +    +    + 

 C. lanceolatum  +              +         

 C. gracile     +            +        
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U D U D U D U D U D U D U D U D U D U D U D U D
 C. sigmoideum              +           

 C. cynthia          +               

 Stigeoclonium sp.   +   +     + + + +   +   +  +  + 

 Staurastrum gracile   +    +  +  + +   +         + 

 Cosmarium laeve  +  +  +    +         +      

 C. obtusatum  +  +  +    +      +        + 

 C. quadrum  +        +  +           +  

 C. sp.    +   +   + +       +       

 Euastrum subpictum          +           +  +  

 Ulothrix tenerrima   +   +    + +            + + 

 U. zonata   +       +  + + +         +  

 Hormidium flaecidum           +             + 

 Spirogyra sp.    +            +  + + + +   + 

 Volvox globator         +  + +    + + +       

 V. africanur             +  +         + 

 Microspora stagnorum  +  +               +      

 M. floccosa    +                     

 Dictyosphaerium enrenbergianum         +                

Cyanophyta                         

 Microcystis flos-aqua +  +    +         +  +    + + + 

 M. marginata +       +        +  +     + + 

 Chroococcus minor + +  +    +        +     +  +  
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U D U D U D U D U D U D U D U D U D U D U D U D
 Merismopedia elegans   +  +    +  +     +    +    +  

 M. tenuissima    +                     +  

 Oscillatoria princeps + +  +  +  +  +  +    +  + + + +  +  

 O. tenuis  +  +  + + + +  + + + + + + + + +    + + 

 O. sancta      +            + +      

 Raphidiopsis curvata    +               + +     

 Spirulina  sp.  +  +  +  +      +  +  + +  +    

 Anabaena sp.  + + +  + +  + + +  + + +  +  +     + 

 Phorimidium tenus  + + + + + + + + + + + + + + +  + + + + + + + + 

 P. corium        +            +     

 Lyngbya  martensiana   + + +   +           + + +    

 L. limnetica + + + +  + +   + +   +  +  +  +  +  + 

 Synechocystis aquetilils    +                     

 Pleurocapsa fuliginosa                  + +    +  

Euglenophyta                         

 Euglena oxyuris +  +  + +    + + + + + + + +  + +  +   
 E. acus +     +   +    +       + + +   
 Phacus sp. +  + +     +   + + + +     + + +   
 P.  longicauda +  +      +        +    +    
 Trachelomonas  sp.   +    +             +     
Cryptophyta                         
 Cryptomonas ovata      +                   

 C. erosa + + +  + + + + +  + + + + +  +  + +  +  + 

 Chrysophyta                         
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 Dinobryon divergens     +  +  +  +  +  +  +     +  + 
 Chrysidiastrum catenatum             +    +        
 Pyrrophyta                         
 Ceratium hirundinella   +  +  + +   +  +  + + + +  +    + 

 



8 Appendix 4 
Table A4.2: Zooplankton 
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Protozoa                         
 Ameoeba sp.  +                       
 Arcella vulgaris + +  +    +       +  +   +   +  
 A. hemisphaerica gibba       +        +          
 A. discoides +   +      + + +   +   +  +   + + 
 Euglypha ciliata                       +  
 E. acanthophora                       +  
 Difflugia iucida  +  +          + +     +   + + 
 D. acuminata +  + +   + + +   +   +    + + +  +  
 D. oblonga + +  + + +   +   +  +    + + +  + + + 
 D. fallax    +                +    + 
 D. glans                   +      
 D. oblonga claviformis  +                +     +  
 D. avellana + + + + + +   +   +  +  + + +  +  + + + 
 D. gramen  +  +                +     
 D. globulosa    +   +  + +  + +   +  +  +  + + + 
 D. amphora    + +     +  +   +     +   + + 
 D. urceolata                       +  
 Centropyxis platystoma +  + + + + + + + +  +  +    + + +  + + + 
 C. aculeata  + +  +  +   +   +  + +     +   +  
 C. ecornis                  +       
 C. ecornis leidyi +   +                +  +   
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 C. spinosa  +  +      +  +  +      +  + +  
 C. orbicularis + + + + + +   +  + +      + + + + + +  
 C. hirsute  +  +  +  +    +      + + + + + + + 
 C. aerophila            +             
 C. triangularis                   +    +  
 C. aerophila paratriangularis +   +    +  +  +  + +  +   +  + +  
 C. aculeata grandis              +         +  
 C. aerophila sphagnicola    +    +    +  +      +  + +  
 C. discoides +   +  +   +      +    + +   +  
 C. minuta      +            +     +  
 Trigonopyxis microstoma   +            +          
 Lesquereuia epitomium       +                  
 Cyclopyxis arcellodes  +                   + + +  
 C. eurystoma  +                       
 Phryganella nidulus +  + + +           +   + +   +  
 Enchelys sp.        +  +               
 Chilodonella gourandi                +      +   
 C. turgidula        +  +               
 C. capucina        +  +  +             
 Lacrymaria olor  +     + +  +  +      +  +     
 L. minima        +  +      +         
 Hemiophrys sp.                +  +       
 Raphidiophrys sp.       +  +                
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 Acanthocystis sp.       +                  
 Amphileptus claparedei      +                   
 Vorticella sp.        +  +  +  +  +  +       
 Frontonia sp.                  +       
 Glaucoma frontata                       +  
 Stokesia uernalis   +                      
 Nassula sp.    +          +    +  +     
 N. gracilis                      +   
 Colpoda sp.        +  +    +  +      +   
 Cothurnia oblonga         +                
 Aspidisca sp.                      +   
 Epistylis anastatica                + + +       
 E. lacustris      +            +       
 Mesodinium pulex +         +               
 Didinium balbianii                  +       
 Strobilidium velox        +        +      +   
 S.gyrans  +    +  +  +            +  + 
 Strombidium viride        +  +        +       
 Cyphoderia ampulla vltraea  +      + + +    +  +       + + 
 Coleps sp.                +         
 Tintinnopsis wangi Nie.       +  +   +      +      + 
 T. conicus       +     +             
Rotifera                         
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 Brachionus angular   +  +    +  +  +  + +   +  +     
 B. caudatus               +          
 B. quadridentatus          +      +  +       
 B. forficula          +        +       
 B. calyciflorus      +  +    +   + + +  +  +    
 B. budapestiensis        + +          +      
 B. falcatus        + +       +         
 Keratella cochlearis  +  +  +  + + + + +  +   + + + +  + + + 
 K. serrulata  +  + +  + +  +  +  + +   +  + + +  + 
 K. quadrata  +                +       
 Schizocerca diversicornis          +      +  +   + +  + 
 Platyias militaris             +  +  +  +             
 Anuraeopsis fissa      +  +  +  +  +  +  +    +   
 Colurella adriatica + +  +  +              +   +  
 C. obtusa +   +  +                   
 C. uncinata                    +     
 Lepadella patella +   +            +    +  + +  
 Monostyla elachis +   +   +  +     +      +   +  
 M. bulla +        +         +     +  
 M. pyriformis    +    +  +  +        +  + +  
 M. hamata    +                +  +   
 M. quadridentata         +                
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 M. cornuta         +                
 M. stomoosi                      + +  
 M. unguitata                       +  
 Lecane luna +  +  + +             +    +  
 L. eutarsa   +      +              +  
 L. flexilis +        +                
 L. signifera      +                  + 
 L. papuana                       +  
 L. ludwigii         +                
 Euchlanis dilatata ehrenberg     +    +              +  
 Trichotria tetractis     +                    
 T. pocillum                       +  
 Asplancha priodonta +     + + + + + +   + + + + +    +   
 A. brightwelli         + +  +    +  +    +  + 
 A. sieboldi     +  + + + + +    +  +    +  +  + 
 A. girodi de         +                
 Gastropus hyptopus  +     +                  
 Ascomorpha ecaudis   +                      
 Chromogaster oualis  +  +   +           +  +  +   
 Scaridium longicadum     +    +                
 Pompholyx sulcata                  +       
 Cephalodella exigua   + +  +              + + + + + 
 C. eatellina +                     + +  
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 Dicranophorus sp.   +                      
 Polyarthra trigla + +  + + + + + + + + +  + + +  + + +    + 
 P. euryptera         +                
 P. dolichoptera +      + + + + +       +       
 Synchaeta sp.               +  +        
 S. pectinata     +  + + + + + +  +  +  + +   + +  
 S. stylata +  + + +  + + + + + +  +  +  + + + +  + + 
 S. oblonga  + +  +  + + + + + +  +  + + + +   + + + 
 Trichocerca rousseleti      +  + + +               
 T. cylindrica                       +  
 T. longiseta                  +       
 T. bicristata + +    +   +                
 T. capucina      +                   
 T. pusilla + +  +    +    +     +   +     
 T. similis + +  + +  + +  + +   +    + + +   + + 
 Filinia longiseta  +            +   + +       
 Testudinena mucronata      +  + + +               
 T. patina         +                
 T. bidentata                +         
 Collotheca sp.  +       +   +  +    +    + +  
 Philodina sp. + +   +       +    +  +    + + + 
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 Rotaria rotatoria   +  + +   +   +             
 Rotaria neptunia              + + +         
Cladocera                         

 Diaphanosoma   
Leuchtenbergianum + +   +   +     +  +          

 Daphnia  hyalina        +  +            +   
 D. cucullata               +          
 Ceriodaphnia sp.                      +   
 Moina rectirorstris                  +    +   
 M.  micrura                +         
 Alona guttata                   +       
 Simocephalus vetulus        +          +       
 Alonella excisa       +                +   
 Pleuroxus striatus          +                
 Chydorus  ovalis        +                 
 Bosmina longirostris           + +    +          
 B. coregoni        + +  + +  +  +  +     + +  
 B. fatalis           +               
 Bosminopsis deitersi                    +     
Copepoda                         
 Calanoida    +     +              +  
 Schmackeria forbesi     +      +  +  +          
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 Phyllodiaptomus tunguidus        +                 
 Cyclopoida  +  +      +  +  +  +    + +    
 Mesocyclops leuckarti  +      + +     +  +  + + +   +   
 Eucyclops speratus      +  +          +       
 E. serrulatus      +  +          +       
 E. macruroides                   +       
 Thermocyclops sp.         +                
 T. taihokuensis           +              
Harpacticoida                         
    +                       
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Table A4.3: Zoobenthos 
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Annelids 
Linmodrilus sp.   + + +  +  +  + +  + + + + +       

Tubifex  sp.   +    +  +  + +  +  +         
Branchiura  sp.   +    +  +  +    +  +        

Monopylephorus sp.       +  +  +     + +        
Glossiphonia complanata               +          

Helobdella stagnlis         +                
Molluscs 

Lymnaea stagnalis         +    +            
Radix ovata +  +  + +   +    +            

Radix swinhoei +    + +       +            
Radix auricularia      +   +    + +           

Cipangopaludina chinensis      +                   
Bellamya purificata  + +    + + + + + +  + + +  +    +   

Bellamya aeruginasa  +      + +  + +  +  +  +    +   
Bellamya uadrata  +     + +  +               
Sternothyra glabra            +             

Semisulcospira libertina      +      +         +  + + 
Semisulcospira cancellata +  +   +      +  +     + +   +  

Tricula hunida                   +    +  
Hippeutis cantorl      +  + +                

Corbiculidae.fluminea +    +  +  +       +         
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Corbiculidae nitens     +    +     +       +    
Limnoperna lacustris    + +  +  +  + +  + + + + +   + +   

Arthropods 
Cloeon dipterum  +  +  +  +    +             

Siphlonurus  +  +                     
Leptophlebia  +                       

Gomphus          +               
Epitheca marginata        +  +               
Pantala flavescens        +  +              + 

Anax                      +   
Caenagrion  +                  +     

Ischnura asiatica  +  +  +            +  +  +  + 
Perla    +                     

Laccophilus                  +       
Tanytarsus sp.  +               +        

Pelopia sp.   +             +  +    +   
Tendipus sp.               +          
Pelopia sp.  +     +    +      +        

Palaemon modestus    +  +      +             
Caridina sp. + +  +  + +     +            + 
Gammarus +               +  +    +   

Total 6 11 7 8 6 11 10 7 14 5 8 11 4 8 6 9 6 8 2 3 3 7 3 4 
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Table A4.4: Fish Species 
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Acipenseriformes         
(1) Acipenseridae         
1. Chinese sturgeon Acipenser sinensis Gray +   +     
Clupeiformes         
(2) Clupeidae         
2. Chinese shad Macrura reevesii Richardson +        
(3) Engmulidae         
3. Yangtse grenadier anchovy Coilia 
brachygnathus Kreyenberg et Pappenheim 

+        

4. Yangtze estuarine tapertail anchovy C. 
ectenes Jordan et Seale 

+        

(4) Salangidae         
5. Silurid catfish Hemisalanx brachyrostralis 
Fang 

+        

6. Icefish Neosalanx taihuensis Chen + +       
Cypriniformes         
(5) Catostomidae         
7. Asian sucker Myxocyprinus asiaticus Bleeker +        
(6) Cyprinidae         
Leuciscinae         
8.  Black carp Mylopharyngodon piceus 
Richardson1 

+ +  + + + + + 

9. Long spiky-head carp Luciobrama 
macrocephalus Lacépède 

+        

10. Grass carp Ctenopharyngodon idellus 
Cuvier et Valenciennes2 

+ + + + + + + + 

11.  Yellowcheek Carp Elopichthys bambusa 
Richardson 

+   + +   + 

12. Piscivorous chub Opsariichthys uncirostris 
bidens Günther 

+ + +      

13. Zacco platypus Temminck et Schlegel + +       
14. Freshwater Minnow Ochetobius elongatus 
Kner 

+ +       

15. Barbel chub Squaliobarbus curriculus 
Richardson 

+ + + + + + + + 

Culterinae         
16. Toxabramis swinhonis Günther +        
17. Sharpbelly Hemiculter leucisculus 
Basilewsky 

+ + + + + + + + 

18. H. bleekeri bleekeri Warpachowsky + + + + + + + + 
19. White amur bream Parabramis pekinensis 
Basilewsky 

+  + + + + + + 

20. Redfin culter Culter erythropterus 
Basilewsky 

+    +    

                                                 
1 One of the Four Major Chinese Carp. 
2 One of the Four Major Chinese Carp. 
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21. Pseudolaubuca sinensis Bleeker + + + +    + 
22. Pseudohemiculter dispar Peters +  +      
23. Black Amur Bream Megalobrama terminalis 
Richardson 

+    +   + 

24. M. amblycephala Yih Wuchang Bream +   +     
25. Sinibrama wui wui Rendahl + + + +     
26. Hemiculterella sauvagei Warpachowsky +        
27. Erythroculter dabryi Bleeker +    +    
28. E. oxycephaloides Kreyenberg et 
Pappenheim 

+    +    

29. E. mongolicus Basilewsky +  + + +   + 

30. E. ilishaeformis Bleeker +  + + +    

Xenocyprinae         
31. Smallscale yellowfin Plagiognathops 
microlepis Bleeker + +  + + + + + 

32. Xenocypris davidi Bleeker + +  + +   + 

33. X. argentea Günther +    +   + 

34. Distoechodon tumirostris Peters +        

35. D. hupeinensis Yih   + +     

36. Pseudobrama simoni Bleeker +  + +    + 

Acheilognathinae         

37. Bitterling Rhodeus sinensis Günther +    +   + 

38. Rosy bitterling R. ocellatus Kner +   + +  +  

39. Acheilognathus barbatus Nichols +        

40. A. gracilis Nichols +        

41. Pseudo perilampus lighti Wu +        

42. Paracheilognathus meridianus Wu +        

43. Acanthorhodeus taenianalis Günther +        

44. A. polylepis Woo +        

45. A. macropterus Bleeker +        

46. A. hypselonotus Bleeker +        

47. A. Chankaensis Dybowsky +        

48. A.  tonkinensis Vaillant +        

Barbinae         

49. Barbodes (Spinibarbus) caldwelli Nichols +        

50. B. (Spinibarbus) sinensis Bleeker +       + 
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51. Chinese barb Capoeta semifasciolata 
Günther +        

52. Acrossocheilus fasciatus Steindachner    +     

53. A. hemispinus hemispinus Nichols +    +    

54. A. parallens Nichols +    +    

55. A. hemispinus cinctus Lin +    +    

56. Varicorhinus barbatus Lin +        

57. V. (Onychostoma) simus Sauvage et Dabry +       + 

58. V.(Onychostoma) gerlachi Peters +        

59. V.(Onychostoma) lini Wu +        

60. V.(Onychostoma) rarus Lin +        

61. Tor brevifilis Peters +        

62. Sinilabeo decorus tungting Nichols +        

63. Rectoris luxiensis Wu et Yao + +      + 

64. Parasinilabeo assimilis Wu et Yao +        

65. Semilabeo prochilus Sauvage et Dabry +        

66. Discogobio tetrabarbatus Lin +        
Gobioninae         
67. Paracanthobrama guichenoti Bleeker +        
68. Barbel steed Hemibarbus labeo Pallas +  + +     
69. Spotted steed H. maculatus Bleeker +    +   + 
70. Topmouth gudgeon Pseudorasbora parva 
Temminck et Schlegel 

+  +  + + + + 

71. Amur Sucker Sarcocheilichthys sinensis 
Bleeker 

+    +    

72. Rainbow gudgeon S. nigripinnis nigripinnis 
Günther 

+ + +  + + + + 

73. S. kiangsiensis Nichols +    +    
74. Gnathopogon tsinanensis Mori +        
75. G. argentatus Sauvage et Dabry + + + + + + + + 
76. G. wolterstorffi Regan +        
77. Bronze gudgeon Coreius heterodon Bleeker +        
78. Rhinogobio typus Bleeker +   + +   + 
79. R. cylindricus Günther +        
80. Pseudogobio vaillanti Sauvage +  + +     
81. Chinese False Gudgeon Abbottina rivularis 
Basilewsky 

+    +    

82. A. fukiensis Nichols +        
83. Platysmacheilus exiguus Lin +        
84. Chinese lizard gudgeon Saurogobio dabryi 
Bleeker 

+ + + + + + + + 

85. S. gymnocheilus Lo, Yao et Yang +  +     + 
86. S. xiangjiangensis Tang +    +    
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87. S. dumerili Bleeker +   +     
Cyprininae         
88. Rock carp Procypris rabaudi Tchang +        
89. Common carp Cyprinus Carpio Linnaeus + + + + + + + + 
90. Goldfish Carassius auratus Linnaeus + + + + + + + + 
Gobiobotinae         
91. Gobiobotia longibarba meridionalis Chen et 
Tsao 

+   +     

92. G. ichangensis Fang +        
93. G. longibarba longibarba Fang et Wang +        
Hypophthalmichthyinae         
94. Bighead carp Aristichthys nobilis 
Richardson3 

+    + + + + 

95. Silver carp Hypophthalmichthys molitrix 
Cuvier et Valenciennes4 

+   + + + + + 

(7)  Cobitidae         
96. Spined Loach Cobitis taenia Linnaeus +    +    

97. C. macrostigma Dabry et Thiersant +    +    

98. Parabotia banarescui Nalbant +        

99. Parabitia sp. +    +    

100. P. maculosa Wu +    +   + 

101. P. fasciatia Dabry +   +     

102. Royal Clown Loach Leptobotia elongata 
Bleeker 

+        

103. Weather Loach Misgurnus anguillicaudatus 
Cantor 

+ + +  + + + + 

104. M. mizolepis Günther + +       
105. Nemachilus potanini Günther +        
106. Nemachilus sp. +        
107. Leptobotia hengyangensis Huang et Zhang +        
(8) Homalopteridae         
108. Lepturichthys fimbriata Günther + +      + 
109. Sinogastromyzon hsiashiensis Fang +       + 
(9) Gastromyzonidae         
110.  Vanmanenia pingchowensis Fang +        
111. Pseudogastromyzon fangi Nichols +        
Siluriformes         
(10) Siluridae         
112. Sheatfish Silurus soldatovi meridionalis 
Chen 

+   +     

113. Amur catfish. S. asotus Linnaeus +    + + + + 
(11)  Bagridae         
114.  Yellowhead catfish Pelteobagrus fulvidraco 
Richardson 

+ + + + + + + + 

                                                 
3 One of the Four Major Chinese Carp. 
4 One of the Four Major Chinese Carp. 
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115.  Darkbarbel Catfish P. vachelli Richardson +   +    + 
116. P. nitidus Sauvage et Dabry +  + + + + + + 
117. Yellow catfish P. eupogon Boulenger +   + +    
118. P. intermedius Nichols et Pope   + +     
119. Chinese longsnout catfish Leiocassis 
longirostris Günther 

+        

120. L. crassilabris Günther +  + +     
121. L. usssuriensis Dybowski +  +      
122. L. Pratti Günther +        
123. L. albomarginatus Rendhal +        
124. Chinese catfish Hemibagrus macropterus 
Bleeker 

+  + + + + + + 

125.Pseudobagrus brevicaudatus Wu    +     

126 P. pratti Günther    +     

(12) Amblycipitidae         
127. Liobagrus marginatoides Wu +        

128. L. marginatus Günther +        

(13) Sisoridae         
129. Glyptothorax sinensis Regan +       + 

130. G. fukiensis Rendahl +        

(14) Clariidae         
131. White-spotted clarius Clarias fuscus 
Lacépède 

+       + 

Anguilliformes         

(15 )Anguillidae         
132. Japanese eel Anguilla japonica Temminck 
et Schlegel 

+        

Beloniformes         

(16) Hemirhamphidae         
133. Hemirhamphus kurumeus Jordan et Starks +        

Cyprinodontiformes         

(17) Cyprinodontidae         

134. Japanese Ricefish Oryzias latipes Schlegel +    +    

Ophiocephaliformes         

(18) Ophiocephalidae         
135. Snakehead fish Ophiocephalus argus 
Cantor + +   +    

135. Snakehead mud fish O. maculatus 
Lacépède +   +     

137. Small snakehead Channa asiatica 
Linnaeus +        

Symbranchiformes         

(19) Symbranchidae         
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138. Asian Swamp Eel Monopterus albus Zuiew +    + + + + 

Perciformes         

(20) Serranidae         

139. Mandarin fish Siniperca chuatsi Basilewsky +       + 

140. Big-eye mandarinfish S. kneri Garman +  + + + + + + 
141. Freshwater mandarin fish S. scherzeri 
Steindachner + + +      

142. S. loona Wu +    +    

143. S. undulata Fang et Chong +    +    

144. S.roulei Wu + + + + + + + + 

(21) Belontiidae         
145. Paradise Fish Macropodus opercularis 
Linnaeus + +   +    

146. Roundtailed paradise fish M. chinensis 
Bloch +        

(22) Eleotridae         
147. Dark sleeper Odontobutis obscura 
Temminck et Schlegel + +  + +    

148. Chameleon Goby Hypseleotris swinhonis 
Günther +        

(23) Gobiidae         

149. Dash Goby Ctenogobius similes Gill +   + +    

150. Barcheek goby C. giurinus Rutter +   + +    

Mastacembeliformes         

(24) Mastacembelidae         
151. Spiny eel Mastacembelus aculeatus 
Basilewsky + +  + +   + 

152. Tire track eel M. armatus Lacépède +        

Totals 147 29 32 47 57 23 24 45 
93

 
 
 



Appendix 5 

 
 
 
 
 
 
 
 
 
 

APPENDIX 5  
 
 
 
 
 

INDUSTRIAL AND DOMESTIC WASTEWATER DISCHARGES 
 

  



Appendix 5 1 

Table A5.1: Main Industrial Pollution Sources in Xiangjiang River Basin of Changning City 

No. Name 
Street 

(Village) 
Name 

Type of 
Wastewater 

Wastewater 
Production 

(t) 

Wastewater 
Treatment Method 

Wastewater 
Treatment 

Facility 

Wastewater 
Treatment 

Rate 

Wastewater 
Discharge 

(t) 

Receiving 
Waters 

Discharge Value 

COD AN As Pb Cd Hg Total 
Chrome 

I Songbai Town                

1 

3rd Plant of 
Hunan 
Shuikoushan 
Nonferrous 
Metals Group. 
Co. Ltd 

Wenming 
Village 

Committee 

Smelting  
Wastewater 
of heavy 
nonferrous 
metals 

904500.00 Neutralization 
Wastewater 
Treatment 
Station 

90% 904500.00 Xiangjiang 39.60 0.85 904.50 1230.12 452.25   

2 

Shuikoushan 
Xingxiang Zinc 
Industry 
Company of 
Hunan 
Shuikoushan 
Nonferrous 
Metals Group 
Co. Ltd. 

 

Smelting  
Wastewater 
of heavy 
nonferrous 
metals 

6250000.00 Neutralization 

Comprehensive 
Wastewater 
Treatment 
Station 
Pre-treatment 
Station of 
sulfuric acid 
wastewater 

80% 6250000.00 Xiangjiang 459.43 3.23 6490.00 3845.00 5066.00   

3 
Changning 
Longxing Mining 
Industry Co. Ltd. 

Jinlian 
Village 

Committee 

Mining and 
beneficiation 
wastewater 
of precious 
metals 

100000.00 Neutralization 
Wastewater 
Treatment 
Pond 

80% 10000.00 Xiangjiang 29.10   83.64 1.27   

4 

Mining Industry 
Company of 
Hunan 
Shuikoushan 
Nonferrous 
Metals Group 
Co. Ltd. 

  90000.00    90000.00 Xiangjiang 26.19  14.40 293.40 1.80 0.01  

5 

Shuikoushan 
Lead Industry 
Company of 
Hunan 
Shuikoushan 
Nonferrous 
Metals Group 
Co. Ltd 

Qingnian 
Residents 
Committee 

Smelting  
Wastewater 
of heavy 
nonferrous 
metals 

1257000.00 Neutralization 

Treatment 
Pond of Acid 
Production 
Wastewater 

90% 1257000.00 Xiangjiang 172.17 0.92 1339.57 4306.04 464.45   

6 

Kangjiawan 
Mine of Hunan 
Shuikoushan 
Nonferrous 
Metals Group 
Co. Ltd. 

Shuikoushan 
Kangjiawan 

Mine 

Mining and 
beneficiation 
wastewater 
of zinc and 
lead mines 

1740000.00 Chemical 
Precipitation 

Treatment 
Station of 
Beneficiation 
Wastewater 

70% 1740000.00 Xiangjiang 83.52 0.75 278.40 3770.00 34.80   

7 

6th Metallurgical 
Plant of Hunan 
Shuikoushan 
Nonferrous 
Metals Group 
Co. Ltd. 

 

Smelting 
wastewater 
of precious 
metals 

629000.00 

Physical & 
Chemical 

Process＋Biological 
Process 

Treatment 
Station of 
beryllium 
contained 
Wastewater 

80% 629000.00 Xiangjiang 97.00 31.45 251.60 67.00 9.44   

8 
Hunan Kanghua 
Chemical 
Fertilizer 

Dayu 
Residents 
Committee 

Phenolic 
wastewater 
from gas 

6613900.00 Precipitation 
Separation 

Purification & 
Sedimentation 
Basin 

75% 4613900.00 Xiangjiang 904.32 461.39      
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No. Name 
Street 

(Village) 
Name 

Type of 
Wastewater 

Wastewater 
Production 

(t) 

Wastewater 
Treatment Method 

Wastewater 
Treatment 

Facility 

Wastewater 
Treatment 

Rate 

Wastewater 
Discharge 

(t) 

Receiving 
Waters 

Discharge Value 

COD AN As Pb Cd Hg Total 
Chrome 

Industry Co. Ltd. production 

9 

Changning 
Beite 
Metallurgical & 
Chemical Co., 
Ltd. 

Songyang 
Village 

Committee 

Wastewater 
from 
Pigment 
production 

45000.00 Precipitation 
Separation 

Sedimentation 
Basin 90% 40000.00 Xiangjiang 13.50       

10 
Changning 
Yanjiang Zinc 
Industry Co. Ltd. 

Yanjiang 
Residents 
Committee 

Wastewater 
from mineral 
salt 
production 

12000.00 Precipitation 
Separation 

Sedimentation 
Basin 90% 2000.00 Xiangjiang 0.29   1.02 0.60  1.06 

11 

Hengyang 
Shuikoushan 
Metallurgical & 
Chemical Co. 
Ltd. 

Sanyuan 
Residents 
Committee 

Wastewater 
from mineral 
acid 
production 

858540.00 Physical & 
Chemical Process 

Treatment 
Basin of 
sulfuric acid 
wastewater 

80% 858540.00 Xiangjiang 28.87 0.22 3348.30 283.30 1.72   

12 

Gold Industry 
Branch of 
Hunan 
Shuikoushang 
Mining 
Development 
Co. Ltd 

Shuikoushan 

Mining and 
beneficiation 
wastewater 
of precious 
metals 

8376.75 Precipitation 
Separation 

Sedimentation 
Basin 80% 8376.75 Xiangjiang   0.02 0.06 0.03 0.01  

13 

Longshiqi 
Woven Bag 
Washing Plant 
in Songbai 
Town of 
Changning City 

Zhupo 
Village 

Committee 

Wastewater 
from 
chemical 
fibers 

800.00 Precipitation 
Separation 

Sedimentation 
Basin 90% 200.00 Xiangjiang 0.01       

14 

Lidongsheng 
Woven Bag 
Washing Plant 
in Songbai 
Town of 
Changning City 

Zhupo 
Village 

Committee 

Wastewater 
from 
chemical 
fibers 

1400.00 Precipitation 
Separation 

Sedimentation 
Basin 90% 600.00 Xiangjiang 0.02       

15 

Tanzesheng 
Woven Bag 
Washing Plant 
in Songbai 
Town of 
Changning City 

Zhupo 
Village 

Committee 

Wastewater 
from 
chemical 
fibers 

1300.00 Precipitation 
Separation 

Sedimentation 
Basin 90% 500.00 Xiangjiang 0.02       

16 

Changning 
Chunhua Trade 
& Industry Co. 
Ltd. 

Qingnian 
Village 

Committee 

Smelting  
Wastewater 
of heavy 
nonferrous 
metals 

9810.00 Precipitation 
Separation 

Sedimentation 
Basin 90% 1200.00 Xiangjiang 0.14  0.48 0.60 0.39   

17 

Changning 
Shuikoushang 
Zhihui 
Metallurgical & 
Chemical Co. 
Ltd. 

Songbai 
Village 

Committee 

1. Other 
wastewater 
from 
production 
industries 
2. Smelting  
Wastewater 
of heavy 

5940.00 Physical & 
Chemical Process 

1. Treatment 
Facility of 
industrial waste 
water 
2. 
Sedimentation 
Basin in 
production area 

85% 1100.00 Xiangjiang 0.39  0.99 5.06 0.85   
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Wastewater 
Production 

(t) 

Wastewater 
Treatment Method 

Wastewater 
Treatment 

Facility 

Wastewater 
Treatment 

Rate 

Wastewater 
Discharge 

(t) 
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Discharge Value 

COD AN As Pb Cd Hg Total 
Chrome 

nonferrous 
metals 

18 

Hunan 
Shuikoushan 
Hongxing 
Chemical 
Industry Co. Ltd. 

Songyang 
Village 

Committee 

Wastewater 
from mineral 
salt 
production 

3000.00 Precipitation 
Separation 

Sedimentation 
Basin 90% 504.00 Xiangjiang 0.04   0.07 0.01   

II Baifang Town                

19 
Hengyang 
Baifang Coal 
Mine 

Lijiawan 
Residents 
Committee 

Wastewater 
from coal 
mining 

128000.00 Precipitation 
Separation 

Sewage 
Purifier 100% 128000.00 Xiangjiang 5.10  0.00     

20 

Changning 
Kaihua 
Chemical 
Industry Co. Ltd 

Songbai 
Residents 
Committee 

Wastewater 
from mineral 
acid 
production 

59000.00 Chemical 
Precipitation 

CN Filter 
Wastewater 
Treatment 
Pond 

83% 49500.00 Xiangjiang 11.44  931.64 53.76 4.55   

21 

Gold & Copper 
Development 
Company of 
Hunan 
Shuikoushan 
Nonferrous 
Metals Group 
Co. Ltd.  

Tonggu 
Village 

Committee 

Wastewater 
from copper 
mining and 
beneficiation 

2550000.00 Neutralization 

Treatment 
Pond of Copper 
Beneficiation 
Wastewater 

100% 2550000.00 Xiangjiang 51.51 1.19 2881.50 3544.00 3672.00   

22 
Changning 
Huali Mining 
Industry Co. Ltd. 

  3850.00    3850.00 Xiangjiang 0.23       

23 

Hengyang 
Baizhou 
Building 
Material 
Industry Co. Ltd. 

Xinjian 
Village 

Committee 

Wastewater 
from cement 
production 

3000.00 Precipitation 
Separation 

Sediment 
Circulation 
Pond 

90% 200.00 Xiangjiang 0.10       

24 
Changning 
Xingqi Recycled 
Paper Plant 

  66000.00    60000.00 Xiangjiang 125.00       

25 
Changning 
Hesheng Mining 
Co. Ltd. 

Dishang 
Village 

Committee 

Wastewater 
from copper 
mining and 
beneficiation 

53330.00 Precipitation 
Separation 

Mine Waste 
Reservoir 100% 53330.00 Xiangjiang   0.30     

III Yanzhou Town                

26 

Changning 
Hongyuan Triple 
Superphosphate 
Co. Ltd. 

Shuanglong 
Village 

Committee 

Wastewater 
from mineral 
acid 
production 

450.00 Precipitation 
Separation 

Sedimentation 
Basin 75% 300.00 Chognling 0.02  0.00     

27 

Changning 
United Polyester 
Building 
Materials 
Factory 

  600.00    600.00 Chongling 0.18  931.64 53.76 4.55   
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Table A5.2: Main Industrial Pollution Sources in Xiangjiang River Basin of Hengnan County 

No. Name 
Street 

(Village) 
Name 

Type of 
Wastewat

er 

Wastewater 
Production 

(t) 

Wastewater  
Treatment 

Method 

Waste
water 
Treat
ment 

Facility 

Wastewat
er 

Treatment 
Rate 

Wastewat
er 

Discharge 
(t) 

Recei
ving 
Wate

rs 

Discharge Value 

COD AN As Pb Cd Hg Total 
Chrome 

I Songjiang 
Village                

1 

Hengnan 
Xinhai 
Metallurgical 
Chemical Co. 
Ltd 

Jinpeng 
Village 

Committee 

Smelting  
Waste 
water of 
heavy 
nonferrous 
metals 

12000.00 Precipitation 
Separation 

Waste
water 
Treat
ment 
Pond 

80% 12000.00 Xiang
jiang        

2 

Hengyang 
Longfeng 
Metallurgical 
Chemical Co. 
Ltd 

Songzhu 
Village 

Committee 

Smelting  
Wastewat
er of 
heavy 
nonferrous 
metals 

1000000.00 Precipitation 
Separation 

Waste
water 
Treat
ment 
Pond 

60% 1000000.
00 

Xiang
jiang 350.00 65.00 1114.25 11000.00 1500.00   

3 

Hengnan 
Guotong 
Metallurgical 
Chemical Plant 

Jinpeng 
Village 

Committee 

Smelting  
Wastewat
er of 
heavy 
nonferrous 
metals 

30000.00 Precipitation 
Separation 

Circula
ting 
Pool 

80% 27000.00 Xiang
jiang 10.45       

4 

Hengnan 
Welfare 
Metallurgical 
Chemical Plant 

Songzhu 
Village 

Committee 

Wastewat
er from 
mineral 
salt 
production 

1700.00 Neutralizatio
n 

Waste
water 
Sedim

ent 
Treat
ment 
Pond 

60% 1700.00 Xiang
jiang 1.41       

5 

Hengnan 
Linchao 
Metallurgical 
Chemical Plant 

Songzhu 
Village 

Committee 

Smelting  
Wastewat
er of 
heavy 
nonferrous 
metals 

2324.60 Precipitation 
Separation 

Sewag
e 

Sedim
ent 

Pond 

80% 2324.60 Xiang
jiang        

II Lijiang Town                

6 
Hengyang 
Hongwei Coal 
Co. Ltd. 

No. 1, 
Limei 
Road 

Wastewat
er from 
coal 
mining 

103680.00 
Chemical 

Precipitation 
Method 

Sewag
e 

Filtrati
on & 

Sedim
ent 

Pond 

65% 103680.0
0 

Xiang
jiang 8.60       

7 Hengnan  Wastewat 36000.00    36000.00 Xiang 96.98  0.20   0.03  
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Street 

(Village) 
Name 

Type of 
Wastewat

er 

Wastewater 
Production 

(t) 

Wastewater  
Treatment 

Method 

Waste
water 
Treat
ment 

Facility 

Wastewat
er 

Treatment 
Rate 

Wastewat
er 

Discharge 
(t) 

Recei
ving 
Wate

rs 

Discharge Value 

COD AN As Pb Cd Hg Total 
Chrome 

Lijiang Copper 
Mine 

er from 
copper 
mining 
beneficiati
on 

jiang 

III Xiangyang 
Town                

8 

Hengyang 
Chunhui 
Chemical Co. 
Ltd.  

No. 196, 
Xiangdan 

Road 

Chemical 
Wastewat
er 

6910000.00 Neutralizatio
n 

Sewag
e 

Sedim
ent 

Pond 

55% 4910000.
00 

Leish
ui 

1073.8
6 

488.2
5      

9 

Hengnan 
Xiangyang 
Chemical Co. 
Ltd 

Liantang 
Village 

Committee 

Chemical 
Wastewat
er 

80000.00 Neutralizatio
n 

Sewag
e 

Sedim
ent 

Pond 

80% 80000.00 Xiang
jiang        

10 

Hengyang 
Township 
Enterprises 
Supply and 
Sales 
Company 
(Glass Factory) 

  30000.00    30000.00 Xiang
jiang 33.00       

IV Yunji Town                

11 
Hengyang 
Tesike Auto 
Parts Co. Ltd 

  26000.00    26000.00 Xiang
jiang 0.86  1.02 1.92 0.35   

V Liaotian Town                

12 

Shuikoushang 
Nonferrous 
Metal Group 
Co., Ltd 
(Storage and 
Transport 
Branch) 

Wayuan 
Village 

Committee 

Industrial 
Wastewat
er 

36000.00 Neutralizatio
n 

Sedim
ent 

Treat
ment 
Pond 

80% 36000.00 Leish
ui 0.72  29.88 1.80 0.07   

VI Chejiang Town                 

13 

Hengyang 
Ruitogn 
Machinery 
Manufacturing 
Co. Ltd. 

Chejiang 
Village 

Committee 

Machining 
Wastewat
er 

1500.00 
Physical＋C

hemical 
Processing 

Compr
ehensi

ve 
Pond 

60% 1057.00 Xiang
jiang 0.12       

14 Hengyang 
Xincheng 

Xuanpo 
Village 

Machining 
Wastewat 2500.00 Physical＋C

hemical 
Compr
ehensi 80% 2000.00 Xiang

jiang 0.20       
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No. Name 
Street 

(Village) 
Name 

Type of 
Wastewat

er 

Wastewater 
Production 

(t) 

Wastewater  
Treatment 

Method 

Waste
water 
Treat
ment 

Facility 

Wastewat
er 

Treatment 
Rate 

Wastewat
er 

Discharge 
(t) 

Recei
ving 
Wate

rs 

Discharge Value 

COD AN As Pb Cd Hg Total 
Chrome 

Industry Co. 
Ltd 

Committee er Processing, 
flotation 

Seperation 

ve 
Pond 

15 

Hengnan 
Huasen 
Industry Co. 
Ltd 

  150000.00    100000.0
0 

Xiang
jiang 

1440.0
0       

16 

Hengnan 
Yognfu 
Chemical 
Industry Co. 
Ltd. 

  7200.00    4500.00 Xiang
jiang 0.22   217.72    
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Figure A5.1: Locations of Village (Town) Main Pollution Sources in Xiangjiang River 
Basin  of Changning City 
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Figure A5.2: Locations of Village (Town) Main Pollution Sources in Xiangjiang River 
Basin of Hengnan County 
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I. COMPARISON OF ENVIRONMENTAL QUALITY STANDARDS IN CHINA WITH 
IDENTIFIED INTERNATIONAL STANDARDS 

 
1. Ambient Air Quality Standards  

23. The Chinese standards for ambient air quality (GB3095-1996) are separated into three 
grades which apply to different areas: 

 
• Grade I is for nature reserves, scenic spots and other areas in need of special 

protection;  
• Grade II is for: residential areas; commercial, transportation and residential 

mixed areas; cultural areas; and general industrial areas specified in urban 
planning; as well as rural areas;  

• Grade III areas are specific industrial zones.   
 
24. The areas which the standards apply are set by central and local government.  The 
Hunan Inlands Waterways study area is within a Grade II zone. 
 
25. Table VI.1 compares the air quality standards for a Grade II zone with ambient air quality 
standards established by the World Health Organization (WHO), European Union (EU), and 
United States (US) and United Kingdom (UK) environmental agencies. As shown by the figures 
in the table, the different international and national standards vary quite widely. 
 

Table A6.1: Air Quality Standards in PRC Compared to Other (Inter)national Standards 
Pollutant Averaging 

Time 
China 

Air 
Quality 

Standard 
Grade I 

China 
Air 

Quality 
Standard 
Grade II 

China Air 
Quality 

Standard 
Grade III 

WHO Air 
Quality 

Guidelines 
(note 1) 

EU Limit 
Values 
(note 3) 

US UK Air 
Quality 

Objectives 
(note 3) 

NO2 
(μg/m3

) 
Annual 40 40 80 40 40 100 40 
24 Hour 80 80 120     
1 Hour 120 120 240 200 200 (18)  200 (18) 

SO2 
(μg/m3

) 
Annual 20 60 100   80  
24 Hour 50 150 250 20 125 (3) 365 125 (3) 
1 Hour 150 500 700 500  

(note 2) 
350 (24)  350 (24) 

PM10 
(μg/m3

) 

Annual 40 100 150 20 40  40 
24 Hour 50 150 250 50 50 (35) 150 50 (35) 

Note 1 - WHO Air Quality Guidelines 2005 Global Update 
Note 2 - 10 minute averaging time  
Note 3 - number of permitted exceedances in brackets. 

 
26. The Chinese air quality standards for grade II locations are generally comparable to the 
European Union air quality standards, although they are slightly less stringent for PM10.  
However, the PM10 standard in PRC is comparable with that in the USA.  The grade II standard 
is however comparable with the US air quality standard.   
 
2. Water Quality Standards  

27. The relevant standards for PRC are set in Environmental Quality Standards for Surface 
Water (GB3838-2002) and Quality Standard for Ground Water (GB/T14848-1993). 
 
28. In the European Union and United Kingdom, water quality standards defined are derived 
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using three legislative drivers: 
• Environmental Quality Standards for Controlled Waters based on EU Dangerous 

Substances Directive 76/464/EEC and EU Freshwater Fish Directive 
78/659/EEC; 

• UK Water Supply (Water Quality) Regulations 2000; 
• EU Protection of Surface Waters Intended for the Abstraction of Drinking Water 

(Classification) Regulations 1996. 
 

29. For the purpose of this comparison, the water quality standards used for comparison 
were the UK Environment Agency Environmental Quality Standards (EA EQS) for List I and List 
II substances. For determinands where an EQS is not available the target concentrations were 
the thresholds within the UK Water Supply Regulations and/or EU Surface Water Abstraction 
Regulations. The standards are presented in Table A6.2 and A6.3. 
 
30. The pathways and receptors very considerably between the drivers and some may not 
be applicable to the Hunan project. In general, the water quality standards are similar except for 
copper, zinc, mercury, and faecal coliforms, for which the UK standards are more stringent in 
surface waters.  However, the UK standards for metals are based on sensitive aquatic species 
in surface waters with low hardness and also are under review, and may be unnecessarily 
stringent for waters elsewhere. The more stringent coliform standard reflects the situation in the 
UK where rivers are a major supply for drinking water. (In contrast the Chinese standard for 
coliforms in groundwater is more stringent than that in the UK).  
 

Table A6.2: Surface Water Quality Standards in PRC Compared 
to European Union and UK 

Standard Values of Water Environmental Quality 
  China EU/UK 

Item Unit Class II Class III
Class 

IV Ref. 1 Ref. 2 Ref. 3 

pH Value  6～9 6～9 6～9 6～9     
SS mg/L      25    
DO mg/L ≥6 ≥5 ≥3 4    
Permanganate 
Index mg/L ≤4 ≤6 ≤10     
COD mg/L ≤15 ≤20 ≤30     
BOD5 mg/L ≤3 ≤4 ≤6 3    
Ammoniacal N  mg/L ≤0.5 ≤1.0 ≤1.5 0.78    
Total Phosphorus mg/L ≤0.1 ≤0.2 ≤0.3     
Total Nitrogen mg/L ≤0.5 ≤1.0 ≤1.5     
Cu mg/L ≤1.0 ≤1.0 ≤1.0 0.005    
Zn mg/L ≤1.0 ≤1.0 ≤2.0 0.03    
Fluoride mg/L ≤1.0 ≤1.0 ≤1.5  1.5   
Se mg/L ≤0.01 ≤0.01 ≤0.02  0.01   
As mg/L ≤0.05 ≤0.05 ≤0.1 0.05    
Hg mg/L ≤0.00005 ≤0.0001 ≤0.001 0.001    
Cd mg/L ≤0.005 ≤0.005 ≤0.005 0.005    

Cr 6+ mg/L ≤0.05 ≤0.05 ≤0.05 0.03    
Pb mg/L ≤0.01 ≤0.05 ≤0.05 0.004 0.01   
Cyanide mg/L ≤0.05 ≤0.2 ≤0.2  0.05   
Ar-OH mg/L ≤0.002 ≤0.005 ≤0.01 0    
Oil mg/L ≤0.05 ≤0.05 ≤0.5 0    
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Standard Values of Water Environmental Quality 
  China EU/UK 

Item Unit Class II Class III 
Class 

IV Ref. 1 Ref. 2 Ref. 3 
LAS mg/L ≤0.2 ≤0.2 ≤0.3     
Sulfide mg/L ≤0.1 ≤0.2 ≤0.5     
Faecal Coliforms No./100ml ≤200 ≤1000 ≤2000   20 
Cl mg/L   150    250   
Total Hardness    300       
Ref. 1 – Environmental Quality Standards for Controlled Waters based on EU Dangerous Substances Directive 
76/464/EEC and EU Freshwater Fish Directive 78/659/EEC 
Ref. 2 – UK Water Supply (Water Quality) Regulations 2000 
Ref. 3 – EU Protection of Surface Waters Intended for the Abstraction of Drinking Water (Classification) Regulations 
1996 
 

Table A6.3: Groundwater Quality Standards in PRC Compared 
to European Union and UK 

Evaluation Standards of Shallow Groundwater 
  China EU/UK 
Item Unit Standard Ref . 1 Ref. 2 Ref. 3 

pH mg/L 6.8～8.5 6～9   
CODMn mg/L     
Ammoniacal nitrogen mg/L  0.78   
Cu mg/L 0.05 0.005   
Cd mg/L 0.001 0.005   
Pb mg/L 0.01 0.004   
Hg mg/L 0.00005 0.001   
Cr6+ mg/L 0.01 0.03   
chloride mg/L 150  250  
GH mg/L 300    
Phosphate mg/L     
Total Coliforms No./100ml 0.3   50 

Ref. 1 – Environmental Quality Standards for Controlled Waters based on EU Dangerous Substances Directive 
76/464/EEC and EU Freshwater Fish Directive 78/659/EEC. 
Ref. 2 – UK Water Supply (Water Quality) Regulations 2000. 
Ref. 3 – EU Protection of Surface Waters Intended for the Abstraction of Drinking Water (Classification) Regulations 
1996. 
 
3. Soil Quality Standards  
31. The relevant standards for PRC are set in Environmental Quality Standards for Soil 
(GB15618-1995). 
 
32. These have been compared here with soil quality standards for the UK. UK soil 
standards are only defined for sites contaminated by industrial pollution. They are derived to 
protect human health and consider particular pathways between the source and receptor. 
Standards are derived for the end use of a site, be it commercial, residential or residential with 
plant uptake.  
 
33. However, the Chinese standards apply to soil of “farmland, vegetable field, tea garden, 
orchard, rangeland, woodland and nature reserves.”  The Chinese standards are therefore not 
directly comparable to UK standards.  
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34. With the exception of mercury (Hg) and Chromium (VI) all Chinese standards are more 
stringent (see Table VI.4). 
 

Table A6.4: Soil Quality Standards in PRC Compared to UK 
(For soils with organic matter content 1%) 

Species Source Units China UK UK 

   
Standard 

GB15618-1995 
Residential with plant 

uptake Commercial land use 

pH N/A N/A 6.5～7.5 N/A N/A 
Eh N/A mV N/A N/A N/A 
Cu LQM/CIEH mg/kg 100 2300 72000 
Pb SGV(2002) mg/kg 300 450 750 
Cd SGV(2009) mg/kg 0.3 10 230 
Zn LQM/CIEH mg/kg 250 3800 670000 
Mn N/A mg/kg 443 N/A N/A 
Hg SGV(2009) mg/kg 0.5 0.17 4.3, 18 
As SGV(2009) mg/kg 25 32 640 

Cr6+ LQM/CIEH mg/kg 300 4.3 35 
 

Table A6.5: Soil Quality Standards in PRC Compared to UK 
(For soils with organic matter content 2.5%) 

Species Source Units China UK UK 

   
Standard 

GB15618-1995 
Residential with plant 

uptake Commercial land use

pH N/A N/A 6.5～7.5 N/A N/A 
Eh N/A mV N/A N/A N/A 
Cu LQM/CIEH mg/kg 100 2300 72000 
Pb SGV(2002) mg/kg 300 450 750 
Cd SGV(2009) mg/kg 0.3 10 230 
Zn LQM/CIEH mg/kg 250 3800 670000 
Mn N/A mg/kg 443 N/A N/A 
Hg SGV(2009) mg/kg 0.5 0.42 11, 46 
As SGV(2009) mg/kg 25 32 640 
Cr6+ LQM/CIEH mg/kg 300 4.3 35 

 
Table A6.5: Soil Quality Standards in PRC Compared to UK 

(For soils with organic matter content 6%) 
Species Source Units China UK UK 

   
Standard 
GB15618-1995

Residential with 
plant uptake Commercial land use

pH N/A N/A 6.5～7.5 N/A N/A 
Eh N/A mV N/A N/A N/A 
Cu LQM/CIEH mg/kg 100 2300 72000 
Pb SGV(2002) mg/kg 300 450 750 
Cd SGV(2009) mg/kg 0.3 10 230 
Zn LQM/CIEH mg/kg 250 3800 670000 
Mn N/A mg/kg 443 N/A N/A 
Hg SGV(2009) mg/kg 0.5 1.0 26, 110 
As SGV(2009) mg/kg 25 32 640 
Cr6+ LQM/CIEH mg/kg 300 4.3 35 
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4. Noise Standards  
 
35. In PRC, Environmental Quality Standard for Noise (GB3096-2008) specifies a range of 
environmental noise levels of five classes of acoustical environment. The class II residential 
acoustic environment stipulates maximum daytime noise levels of 60dB(A) Leq and 50dB(A) 
Leq at night. 
  
36. These levels are marginally above but similar to those recommended by the World 
Health Organization: 
 

• To protect the majority of people from being seriously annoyed during the 
daytime, on balconies, terraces and outdoor living areas of 55dB(A) Leq. 

• So that people may sleep with bedroom windows open the sound pressure levels 
at the outside façades of the living spaces should not exceed 45dB(A) Leq. 
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Table A7.1: Forecast Volumes of Freight 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Notes: Units: (1) ten thousand tons, (2) ten thousand, (3) ten thousand persons. 
Sources: 2010, Feasibility Study Report  except (*) 2010, Draft Final report, Task 1. 
 
  

Major categories of goods 2000 2005 2009 Forecast 
Total Total Total Up-

wards 
Down-
wards 

2020 2030 

Total transport volume 
 (note 1) 

2003 5379 11241 3963 7278 20004* 29252*

1. Liquid cargo 171 132 276 265 11 520* 590*
2. Dry bulk cargo 252 4711 9898 3206 6692 14865* 18377*
- Coal  142 364 215 149 - -
- Minerals and construction 
materials 

1191 3896 8584 2268 6316 - -

- Metal ore  293 500 423 77 - -
- Other dry bulk cargo  380 450 300 150 - -
3. Break bulk 364 435 920 441 479 3920* 8935*
4. Container weight 25 101 147 51 96 699* 1351*
Number of containers 
 (note 2) 

1.51 9.1 14.71 7.35 7.35 95 200

Passenger volume 
 (note 3) 

242 143 209 300 400
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Figure A7.1: Areas of flooding and an inventory of assets impacted by the scheme 
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Figure A7.2: Locations for Flood Embankment Repair Works 
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Assessment of the 
Environmental Impacts of the 

Transmission Line 
 

(Trial Edition) 

 

 

 

Project Name： 

Power Access System of Xiangjiang Tugutang Navigation and 

Hydropower Complex                                             

 

Construction Unit (Seal)： 

Hunan Xiangjiang Navigation Construction & Development Co., 

Ltd.              

 

 

 

 

Drafting Date：May 10th, 2011 



 

 

State Environmental Protection Administration 



 

 

Introduction to Drafting Standard for Environmental Impact 
Report Form of Construction Project 

 
Environmental Impact Report Form of Construction Project shall be drafted by the unit 
with Environment Impact Assessment (EIA) Qualification.  
1. Project Name refers to the name used in project registration and approval and it should not 

more than 30 Chinese characters (two English words as one Chinese character).  
2. Construction Site refers to the detailed address where the project locates, and the start and 

stop points of road or railway should be filled in.  
3. Industry Category: Filled in as per national standard.  
4. Total Investment refers to aggregate investment of the project.  
5. Main Environment Protection Targets refer to centralized residential area, school, hospital, 

preserved artifacts, scenic spots, water source, ecological sensitive point, etc. within 
certain ranges of the project area. Protection goal, nature, scale and distance from plant 
boundary, etc. should be provided as detailed as possible.  

6. Conclusion and Suggestion: Put forward analysis conclusion relating to clean production, 
standard emission and total volume control of the project, ensure effectiveness of pollution 
control countermeasures, explain the project’s impacts to the environment, and provide 
definite conclusion on environmental feasibility of the construction project. In the meantime, 
it should come up with other suggestion to relieve environment impact.  

7. Preliminary Review Comments: Reply comments should be filled by industrial authority 
concerned. Project with no authority concerned can remain blank.  

8. Approval Comments: Approval reply from the competent department of environmental 
protection administration in charge of the project approval.  
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1 Basic Information of Construction Project 

Project Name Power Access System of  
Xiangjiang Tugutang Navigation and Hydropower Complex 

Construction 
Unit Hunan Xiangjiang Navigation Construction & Development Co., Ltd. 

Legal 
Representative Wu Jueming Contact Name Wang Chongyi 

Postal Address Floor 12, Dongcheng Mansion, No.99, Section II, Middle Furong Road, 
Changsha 

Tel. 0731-82252233 Fax. 0731-82252299 Postal 
Code 410011 

Construction 
Site Yunji Town, Hengnan County of Hengyang City in Hunan Province 

Approval 
Authority 

Hunan Electric Power 
Company 

Approval 
Registered No.  

Project Type New √ Extension □ Upgrading 
□ 

Industry Category  
& Code 

Power Supply 
D4420 

Floor Space 
(m2) 1500 Greening Space 

(m2) - 

Total 
Investment 
(104 Yuan) 

936 

Of which: 
Investment in 
Environmental 

Protection 
(104 Yuan) 

28 

Proportion of 
Environmental 
Protection in 

Total 
Investment 

3.0% 

Assessment 
Funds  

(104 Yuan) 
 

Expected 
Date of 

Production 
February of 2015 

1.1  Project Contents and Scale 
1.1.1  Project Profile 

The power access system of Xiangjiang Tugutang Navigation and Hydropower Complex 
covers transmission line from Yunji 110kV Substation to Tugutang Complex. The line starts 
from 110kV gantry of Yunjin Substation and ends at 110kV gantry of Tugutang Complex, with 
the total length approximately to 3.1km. 

1.1.2.1  Necessity of Project Construction  

Construction of Tugutang Complex will enhance power supply support to power grid of 
Hengnan County. The Complex takes full advantage of waterpower resources in Xiangjiang 
River, and plays a positive role in satisfying power demands from Hengyang City and 
Hengnan County. The construction of power access system of Tugutang Complex is 
absolutely essential for facilitating timely service of the Complex, ensuring safe and stable 
energy transmission, supplying power sources to load centre of Hengyang area, and 
improving power supply reliability. Meanwhile, the power access system has fundamental 
significances in promoting economic development in Hengyang area.  

1.1.1.2  Project Geographical Situation 

The whole transmission line locates in Hengnan County of Hengyang City. The line 
starts from Yunji Substation and towards north direction; it turns to the right at Shitang Road 
(planning of Hengnan County, hereinafter inclusive) and routes toward east along the Road. 
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(including length of lead-in cable). The cable realizes power dispatching communication 
between the Complex and 110kV Yunji Substation.  

 
1.1.2.3  Estimation of Project Investment  

Total static investment relating to power transmission and distribution works is about 
9.36 million Yuan, of which, about 5.68 million Yuan for the transmission line between 
newly-built 110kV Yunji Substation and Tugutang Complex , about 1.73 million Yuan for 
extending one 110kV interval in Yunji Substation. Investment in communication is about 1.95 
million Yuan.  
1.2  Existing Pollution and Main Environment Problems relating to the Project 

According to site survey, there are one brick plant and one sand yard at the 
river-crossing location of the power transmission line of Tugutang Complex. With large soil 
borrowing area, there exists some losses of water and soil. Other parts of the line are with 
sound natural conditions, and there is no other pollution source within close range.  

Water quality in Xiangjiang River section where the power access system close to has 
the problems of out-of-limits total nitrogen, CODMn and fecal coliforms. Pollutants 
out-of-limits mainly made up of organic pollutants. Primary causes of the pollution are: 
cadmium pollutants discharged with exhaust emission enter into nearby soil and water body 
during smelting process of lead and zinc smelters within the region, which results in 
non-point source pollution of this area; and organic wastewater pollution to water quality of 
Xiangjiang River results from mass breeding of poultry and livestock. 
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2 Natural and Social Environments of the Project Site 

2.1 Brief Natural Environments (Topography, Landform, Geology, Climate, 
Meteorology, Hydrology, Vegetation, and Biodiversity) 
2.1.1 Topography and Landform 

Topographies along the line route are mainly mountain land, with hills and paddy fileds; 
the slope toes are gently, with general 15~30° gradient. Most sections are with small relative 
reliefs, which belong to hill-low mountain landforms. Vegetations alongside the line are 
flourishing, which mainly include moso bamboo, camphor tree, stunted brushwood, and 
weeds. Trees are mostly 10~15m high broad-leaved forest and pine forest. The line is close 
to Xiangjiang River distributed with lots of near-shore sandpits, and the soil borrow areas are 
large.  
2.1.2 Geological Conditions  

The regional tectonics locates in central south part of Hengyang basin. Its general 
structural features show folds, faults and structural basin in NNE~NE direction, and the major 
folds are Baohexu basin-structural syncline near the Complex area. Terrace deposits on both 
banks of Xiangjiang River are binary structure bodies made up of silty clay and sand gravels, 
with the thickness of 5~28m. Thickness of riverbed sand-gravel layer is 0.4~4.6m; water 
depth in dry season is 1.0~1.8m.  

Based on 1/4 million Zoning Map of Seismic Parameter in China (2001), peak seismic 
acceleration of this region is smaller than 0.05g, characteristic period of ground motion 
response spectrum is 0.35s, and the corresponding basic earthquake intensity is less than 
Grade VI, which does not endanger this transmission line. Geological conditions of this line 
are: 43% clay, 5% paddy filed, and 52% decomposed rocks. 
2.1.3 Weather and Climate Conditions 

The Project area belongs to subtropical monsoon climate, with the characteristics of wet 
and rainy spring, sunny summer, dry autumn and cold winter; its severe winter is short and 
summer is hot and long; the four seasons are distinct. Influenced by monsoon, winds of the 
whole year are mainly from north or northeast; the average wind speed is 1.9~2.8m/s, and 
wind-force is gradually weaken from north to south. Average annual atmospheric 
temperature in Hengnan County is 17.8�, with the highest temperature of 40.0� and the 
lowest temperature of -9.9� over the years. Average annual precipitation of Hengnan County 
is 1271.6mm; average annual relative humidity is 80%; average annual evaporation capacity 
is 1350.3mm; and average annual sunshine duration is 1645.3h.  
2.1.4 Hydrology 

Power access system of Xiangjiang Tugutang Navigation and Hydropower Complex is 
close to Xiangjiang River. Water supply of Xiangjiang River is through rainwater, with 75.2% 
inflows of the whole year concentrated through March to August (six months). Average 
annual flow at dam site is 1030m3/s, and average annual runoff is 32.5 billion m3. Due to the 
beneficial effects of water jacking from Dayuandu Complex, water level downstream 
Tugutang dam site and near Hengnan County elevates obviously during dry season. 
Average annual discharge of suspended sediments at Tugutang dam site is 2.65 million tons; 
the average annual sediment concentration is 0.082kg/m3, and the average annual bed load 
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sediment discharge is 5500 tons.  
Groundwater in the project area mainly includes bedrock fissure water, confined water, 

and pore-water in loose accumulative layer. Pore-water in loose accumulative layer 
discontinuously distributes in both banks of Xiangjiang River in narrow strip shape, and the 
distribution area of every aquifer varies. Lithology of the aquifers are mainly sand gravel in 
bank terraces and sand gravel in flood plain; buried depth of the aquifer is 0.5~22m; the 
aquifer is water supplied by atmospheric precipitation and nearby surface water. Bedrock 
fissure water mainly stored in sandstone, slate, mudstone and siltstone of various ages. 
Regulated by faults, joint fissure, and layer fracture, water volume varies from medium to 
poor level. Supplied by rainwater infiltration, fissure water stores and transports within 
bedrock fractures, and discharges into tributaries or Xiangjiang River. Confined water is 
mainly controlled by Xiangyangqiao - Danshuitang Fault, and a relative water confining zone 
is formed by this fault. Right downstream dam area of Tugutang Complex is supplied by 
ground water and upstream river water flow along this fault zone and rock formation.  
2.1.5 Terrestrial Plant 

Hengnan County locates in vegetation area of subtropical evergreen broad-leaved 
forest. Current forest land of Hengnan County is 947.0km2 (accounts for 36.2% of the total 
county area), of which, wood land area 713.85km2, shrub land area 35.71km2, and other 
forest land area 197.46km2, respectively accounts for 75.4%, 3.8% and 20.8% of the total 
forest land.  

The assessed area locates in hilly area of Hengyang Basin in Hunan Province. The soils 
are mainly purple soil, with poor vegetation. There are currently five major vegetation forms 
in the project area: broad-leaved evergreen forests (camphor tree, Castanopsis 
sclerophylla), broadleaved deciduous forest (Dalbergia hupeana, Robinia pseudoacacia, 
Liquidambar formosana), low hills bamboo forest, coniferous forest (Pinus massoniana, 
pinus elliottii, cunninghamia Lanceolata), and shrubs (Rhus semialata, broussonetia 
papyrifera, Loropetalum lanceum, etc.). In the Project area, the Vascular plants has 83 
families, 245 genus, and 311 species; the pteridophyte has 13 families, 20 genus, and 26 
species; the gymnosperm has 3 families, 5 genus, and 6 species; and the angiosperm has 
67 families, 220 genus and 279 species.  

Through site survey, due to the impacts of human activities, vegetations around the 
transmission line are mainly artificial ones. Wild shrub weeds and small amount of evergreen 
and broadleaf deciduous trees are mainly attached to hilly forest community. No national or 
provincial protective plant or ancient and rare tree is found within the assessed area.  
2.1.6 Terrestrial Animal 

Based on literature records, terrestrial vertebrate in this region has 4 classes, 24 orders, 
54 families and 131 species, of which, amphibious animal has one order, 5 families, and 10 
species, reptiles animal has three orders, 8 families and 20 species, birds has 14 orders, 30 
families and 80 species, and mammal has 6 orders, 11 families and 21 species. There are 11 
wild animals under national priority protection, i.e. buteobute japonicas, rana tigrina, falco 
tinnunculus, glaucidium cuculoides, tyto capensis, accipiter soloensis, besra accipiter virgatus, 
otus bakkamoena, otu rufescens, asio flammeus, and martes flavigula. 
2.1.7 Aquatic Organism 
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Fishes in Xiangjiang River have 11 orders, 24 families and 147 species, of which, 
cypriniformes has the most categories (105 species, accounts for 69.1% of the total fish 
species in Xiangjiang River). Rare fishes of this river section listed in China Red Data Book 
of Endangered Animals- Fishes include Myxocyprinus asiaticus, Leptobotia elongate, and 
Coreosiniperca roulei. 

Aquatic ecological investigation of Tugutang Complex investigated 93 fishes, which 
accounts for 61.2% of the total fishes in Xiangjiang River. Tugutang river section is the 
historical key spawning ground of pelagic eggs from Four Major Chinese Carps. Despite the 
construction of Dayuandu Complex and Zhuzhou Complex on middle and lower reaches of 
Xiangjiang River, some fishes still sail upstream to original spawning ground.  
2.1.8 Mineral Resources 

Mineral resources in Hengnan region are abundant. Proven mineral resources mainly 
include tungsten, copper, manganese, iron, uranium, aluminum gold, fluorite, barite, salt, 
coal, etc., of which, fluorite has large reserve and world famous high grade. Barium sulfate 
content in barite is above 94.8%; and the reserve of tungsten ore is also very large.  

There is no un-proven mineral resource distributed in the Project area.  
2.1.9 Soil and Water Losses and Conservation 
2.1.9.1  Soil and Water Losses 

a) Soil and Water Conservation Zoning and Permissible Soil Loss 
According to classification standards of soil erosion intensity in Standards for 

Classification and Gradation of Soil Erosion (SL190-96) and based on soil erosion type 
zoning of the country, the project area belong to the south China red soil hilly area in zoning 
region mainly suffered from hydraulic erosion. Its permissible soil loss is 500t/km2.a.  

b) Soil and Water Loss Situation in this Region 
According to the public announcement on national key control areas of soil and water 

losses issued by Ministry of Water Resources, this project area belongs to the key control 
area in the middle of reaches of Xiangjiang River, Zijiang River, Yuanjiang River and Lishui 
River. And according to Public Announcement of Hunan Provincial Government on Key 
Control Areas Zoning of Soil and Water Losses (No. 115, 1999, Hunan Administration 
Letter), Hengnan County involved in the Project area belongs to key control area of red soil 
hilly region in central Hunan Province. Soil and water losses in this region mainly in form of 
mild and moderate hydraulic erosion. Water erosion mainly in surface erosion, and gully 
erosion takes the second place.  

Soil and water losses in Hengnan County where the Project locates have the 
characteristics of many spots and extensive area. Land types suffered from erosion mainly 
include cultivated land and open woodland, and wild grassland and agricultural land take the 
second place. Soil and water losses situation in the Project area refer to Table 2.1-1.  

Table 2.1-1  Soil and Water Losses Situation of Hengnan County 

Total 
Loss 
Area  

Soil Erosion Area of Each Intensity 
Mild Moderate Strong Extremely Strong 

Loss Accounti Loss Accounti Los Accounti Los Accounti
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(km2) Area 
(km2) 

ng for 
Total 

Area (%) 

Area 
(km2) 

ng for 
Total 

Area (%) 

s 
Are
a 

(km
2) 

ng for 
Total 

Area (%) 

s 
Are
a 

(km
2) 

ng for 
Total 

Area (%) 

897.
07 

269.
96 

30.09  
624.
93 

69.66  
2.0
9 

0.23  
0.0
9 

0.01  

c) Status of Soil and Water Losses in Project Area 
According to site survey, vegetation coverage in the project area is above 70%. With 

less human activities and no surface disturbance form industrial and mining enterprises, soil 
and water losses in this area is slight. Current soil and water losses in the project area are 
mainly natural erosion results from flood scouring to river banks. Based on site topography 
and landforms, precipitation in the Project area, and by referring to Standards for 
Classification and Gradation of Soil Erosion, current intensity of water and soil losses is 
about 500t (km2.a).  

2.1.9.2 Water and Soil Conservation 

Area of planted forest within the Project area is large. With mostly young forest and 
frequent reclamation, mechanical damages to the soil is critical, which results large areas 
of sheet erosions. It is required in changing tending method of young growth and protecting 
surface vegetation. In recent years, local government has intensified its efforts in 
controlling soil and water losses, and altogether an area of 127km2 lands has been 
conserved. The Government did well in forest and grass reservation, replacing incomplete 
and old forest, replanting open forest land, and further improved coverage rate of forest 
and grass.  

Lands occupied in the Project area are mainly paddy fields, wild grass land and forest 
land, with high coverage rate of forest and grass. Due to years of cultivation, the paddy 
fields, garden plots, and dry lands are terraced in large extends, which have sophisticated 
drainage facilities and the soil and water conservation situations are favorable. However, 
because of large topographic reliefs and rainfall intensity, soil and water losses are mostly 
in moderate level, and followed by mild level. The Project area belongs to the national key 
control area of soil and water losses.  

2.2 Brief Social Environment (Social-economic Structures, Education, Culture and 
Relics Protection) 
2.2.1 Social Structure 

Hengnan County governs 23 towns, 2 district offices, 274 neighborhood committees, 
and 740 villagers' committees. Population of the whole county by the end of 2008 is 1.0235 
million, of which, urban population 297.4 thousand and rural population 726.1 thousand. 
Yunji Town, where the Project located, governs 23 administrative villages and 3 
neighborhood committees, with the total area of 101.8km2 and total population of 48.73 
thousand.  
2.2.2 Social Economy  

Gross domestic product (GDP) of Hengnan County in 2008 was 11.718 billion Yuan, an 
increase of 11.9% over the previous year. Among them, added value of the primary industry 
was 4023 million Yuan, an increase of 5.2%; added value of the secondary industry was 
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4202 million Yuan, an increase of 19.4%; and the added value of the tertiary industry was 

3493 million Yuan, an increase of 8.4%. Constituent ratio of the three industries was 34.3：

35.9：29.8. And the per capita GDP was 12352 Yuan, an increase of 17.58%. Total 

agricultural output value of the County was 6.66 billion Yuan, an increase of 5.59% over the 
previous year; urban per capita annual disposable income of the County was 11150 Yuan, 
an increase of 18.4%; rural per capita income was 5446 Yuan, an increase of 12.5%. In 
2008, general financial revenue of Yunji Town was 3.394 million Yuan.  
2.2.3 Land Utilization  

In 2005, total land area of the County was 262241.60hm2, of which, agricultural land was 
196308.20hm2 (accounts for 74.86% of the total land area). Of the total agricultural land, 
cultivated land accounts for 29.63% (58170.00hm2), garden plot accounts for 1.41% 
(2772.30hm2), forest land accounts for 48.24% (94702.40hm2), and other agricultural land 
accounts for 20.71% (40663.50hm2).  

Land for construction was 24086.00hm2, which accounts for 9.18% of the total land 
area. Of the total construction land, land for organic town accounts for 8.99% (2164.97hm2), 
land for transportation and water conservancy accounts for 16.92% (4074.30hm2), and 
unutilized land accounts for 15.96% (41847.40hm2).  
2.2.4 Scenic Spot 

Within the boundary of Hengnan region, there are three karst caves (Chuankou, 
Maiyuan, Sangtian) and Longxi Lake in its east, Estuary Bird Island and Night Chant of 
Xiangjiang River in its south, and Qishan Mountain in its west (one of the 72 peaks of 
Southern Mountain of Heng Mountain, the Renrui Temple in the hillside is one of the famous 
temples and Buddhist sacred land in south Hunan Province). Estuary Bird Island in Leishui 
River is inhabited with birds of 16 orders, 37 families and 161 species, with the total bird 
quantity of more than 100 thousand. It is a key natural reserve of Hunan Province. Estuary 
Bird Island and Renrui Temple in Qishan Mountain are listed in classical tourist routes of 
Hengyang City. The Wang’s Ancestral Hall, which dates back to Ming Dynasty, is hailed as 
the No.1 ancestral hall in Hengyang. There are famous hot springs in Hengnan County, and 
a series of scenic spots like hot spring resort, Yulong Bay Southeast Asia Studios World, 
Three Incenses Park, and Green Dragon Valley are developed in recent years. No scenic 
spot is involved in the Project area.  
2.2.5 Culture and Public Health 

By the end of 2008, there were 33 cultural institutions (of which, two art institutions and 
one public culture institute) and three public libraries (with more than 100 thousand book 
collections) in Hengnan County. Coverage rate of television population was 99%, and there 
were 27866 cable television subscribers in the County. Health service made continuous 
development. By the end of this year, there were 34 health agencies of various levels, with 
957 actual sickbeds, 2529 health workers (of which, 1031 doctors). There were one epidemic 
prevention and control agency and 24 rural village (town) public health centers in the County. 
Villages with medical aid post account for 90% of the total number of rural villages. Disease 
prevention and health care are further standardized; basic child immunization rate reaches 
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above 96%. Mortality rate of children under five years old was 8.24‰; infant mortality rate 
was 6.93‰; neonatal mortality rate was 6.07‰; and morbidity of acute infectious disease 
was 231.82 per hundred thousand.  
2.2.6 Technology and Education 

There are 288 elementary schools, with 62356 pupils in school; enrollment of school age 
population is 100%; and proportion of primary students entering schools of a higher grade 
reaches 99%. Playground area in 53 elementary schools reaches the standard, and four 
schools have setup campus network. Elementary schools of the County altogether have 
2273 computers and 1.0778 million book collections. There are 61 secondary schools in the 
County, of which, 54 schools are junior middle schools. There are 55218 middle school 
students, of which, 40162 are junior middle school students. There are 4208 middle school 
faculty members. Playground area in 38 secondary schools reaches the standard, and 12 
middle schools have setup campus network. The middle schools altogether have 4841 
computer and 1.0143 million book collections, and there are also 21304 e-book collections. 

Science and technology work persist in taking economic construction as the central. 
Taking scientific and technological progress and innovations as the driving force, new and 
high technologies were developed and progress was made in scientific innovations. 
Twenty-nine science and technology programs were implemented throughout the year, of 
which, nine programs in municipality level; 10 patents were declared, and one new and high 
tech product was newly added. Two new technical achievements of demonstration 
agriculture were introduced, and two agriculture science centers of municipality-level were 
established. One intermediary organization of science and technology was setup. One prize 
for Progress in Science and Technology was awarded to the County; and the contribution 
rate of science and technology progress was 35%.  
2.2.7 Cultural Relics and Historic Sites 

Through investigation, cultural relics and historic sites in Hengnan County mainly 
include Shuanglin Temple, Longtang Gaoshan Temple, Gaocheng Temple, etc. Major historic 
preservation target in construction area of power access system of Tugutang Complex is 
Yunji Kiln Site in Hengnan County. This kiln locates in Huangjinbao Village of Yunji Town 
near the Xiangjiang River. It is commonly referred to as earthen bowl pocket, which dates 
back to the Five Dynasties and Song Dynasty. From Oct. 1997 to Jan. 1998, Hunan Institute 
of Cultural Relics and Administrative Office of Hengyang Cultural Relics made excavation of 
an imminent rescue to some parts of Yunji Kiln Site. The kiln is listed as Protected Historic 
Site of Hengnan County (county level), and it was updated to Protected Historic Site of 
Hunan Province (provincial level) in 2006. The investigation proves that the kiln site is not 
directly involved in alignment of this Project.  
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3. Status of Environmental Quality  

3.1 Status of Environment Quality and Main Environmental Problems in Project 
Area (Ambient Air, Surface Water, Ground Water, Acoustic Environment, 
Ecological Environment) 

With the completion of power transmission and distribution project, impacts to surroundings 
mainly relating to electromagnetic environment, noise and ecology. Therefore, investigations on 
environmental quality status in the area where the Project constructed are concentrated on 
above three aspects. Electromagnetic environment, acoustic environment and ecological 
environment are respectively illustrated as follows.  
3.1.1 Investigation on Status of Power Frequency Electromagnetic Field and Radio 
Interference 

a) Monitoring Points 
According to provisions in Technical Regulations on Environmental Impact Assessment 

of Electromagnetic Radiation Produced by 500 KV Ultrahigh Voltage Transmission and 
Transfer Power Engineering ( HJ/T 24-1998) and in line with monitoring points distributed 
based on site conditions, power frequency electromagnetic field and radio interference in the 
proposed construction area are monitored. Distribution of the monitoring points refers to Fig. 
3.1.。 

b) Monitoring Instrument and Method 
Monitoring on power frequency electromagnetic field follows the method provided in 

Technical Regulations on Environmental Impact Assessment of Electromagnetic 
Radiation Produced by 500 KV Ultrahigh Voltage Transmission and Transfer Power 
Engineering ( HJ/T 24-1998); monitoring on radio interference adopts the method in Methods 
of Measurement of Radio Interference from High Voltage Overhead power Transmission 
Line and Substation (GB7349-2002). Measuring instrument of power frequency 
electromagnetic field: calibrated EFA-300 electromagnetic field analyzer; calibrated measuring 
instrument of radio interference: PMM9010 EMI Receiver, equipped with RA-01 sourced rod 
antenna. Validity of above instruments to June 28th, 2011.  

c) Monitoring Results 
Refer to Table 3.1-1 and 3.1-2.  

Table 3.1-1  Monitoring Results of Power Frequency Electromagnetic Field of Environment 
Protection Targets in Line-Crossing Area 

Monitoring Point 
Power Frequency Electric Field (V/m) 

Power Frequency Magnetic Fields 
(nT) 

Total X Y Z Total X  Z 
Crossing Shitang Road at 
Outgoing Line of 110kV 

Yunji Substation 
103.4 17.91 99.71 20.68 86.82 41.63 34.77 67�84 

Unit 2 of 4th Team in 
Hengzhou Prison 

1.156 0.163 1.114 0.258 4.561 1.579 1.822 3.870 

Baohe Pingtuo Pond of Yunji 
Town, Hengnan County 

2.975 0.665 2.837 0.595 8.353 5�447 3.341 5.341 

The Second Water Plant of 
Hengnan County 

1.705 0.381 1.644 0.241 6.023 3.5�1 2.309 4.214 

110kV Outgoing Line of 
Tugutang Complex 

3.626 0.371 2.533 0.587 15.37 5.324 6.157 13.08 

Monitoring Date: April 29th, 2011; Humidity: 62.5%; Temperature: 25.8� 
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Fig 3.1  Distribution of Monitoring Points for Tugutang Power Access System 
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Table 3.1-2  Monitoring Results of Radio Interference of Environment Protection Targets in 
Line-Crossing Area  unit: dB(μV/m) 

Monitoring Point 0.5MHz 1.0 MHz 

Monitoring 
Date, Humidity 

and 
Temperature 

Crossing Shitang Road at Outgoing Line of 
110kV Yunji Substation 

43.29 36.03 

2011.4.29 
/62.5% 
/25.8� 

Unit 2 of 4th Team in Hengzhou Prison 37.2 33.08 
Baohe Pingtuo Pond of Yunji Town, Hengnan 

County 
36.51 31.56 

The Second Water Plant of Hengnan County 42.96 38.05 
110kV Outgoing Line of Tugutang Complex 39.12 33.53 

d) Assessment of Monitoring Results 
Table 3.1-1 and 3.1-2 indicate that: maximum values of power frequency electric field 

intensity, magnetic fields intensity, and radio interference field intensity under 0.5MHz frequency 
of the environment protection targets in line-crossing area are respectively 103.4V/m, 
86.52×10-6mT, 43.29dB(μV/m). The values are measured at Shitang Road where the 110kV 
outgoing line of Yunji Substation crossing. As there are several HV lines exist, the measured 
values are relatively high.  

The measured values are far less than the limited values defined in Technical Regulations 
on Environmental Impact Assessment of Electromagnetic Radiation Produced by 500 KV 
Ultrahigh Voltage Transmission and Transfer Power Engineering ( HJ/T 24-1998), in which, 
the limited value of power frequency electric field in resident area is 4kV/m(4000V/m), the limited 
value of power frequency magnetic field of public all-day radiation is 0.1mT(1×105nT), and the 
limited value of radio interference under 0.5MHz is 53 dB(μV/m) (220kV Voltage Class) 
3.1.2 Investigation on Status of Acoustic Environment 

a) Monitoring Points 
Distribution of monitoring points is the same with that in monitoring on power frequency 

electromagnetic field.  
b) Monitoring Time and Frequency 
One monitoring respectively in daytime and nighttime. 
c) Monitoring Instrument and Method 
Method: Standards for Acoustic Environmental Quality (GB3096-2008); Instrument: 

AWA6270+ noise spectrum analyzer. Validity to April 14th, 2012. 
d) Monitoring Result: refer to Table 3.1-3.  

Table 3.1-3 Monitoring Results of Noise of Environment Protection Targets in Line-Crossing 
Area  

Monitoring Piont 
Noise [Leq] (Unit: dB(A)) Noise Level 
Daytime Nighttime Daytime Nighttime

Crossing Shitang Road at Outgoing Line 
of 110kV Yunji Substation 

55.7 47.2 70 55 

Unit 2 of 4th Team in Hengzhou Prison 42.5 40.8 55 4 
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Baohe Pingtuo Pond of Yunji Town, 
Hengnan County 

43.8 41.5 55 45 

The Second Water Plant of Hengnan 
County 

50.9 45.4 60 50 

110kV Outgoing Line of Tugutang 
Complex 

53.4 46.6 65 55 

d) Assessment of Monitoring Results 
Table 3.1-3 indicates that: values of acoustic environment of environmental protection 

targets in line-crossing areas are all accord with standards of corresponding regions prescribed 
in Standards for Acoustic Environmental Quality (GB3096-2008). 
3.1.3 Investigation on Status of Ecological Environment 

The whole power access system of Tugutang Complex is located in Yunji Town of Hengnan 
County, with the total line length of 3.1km. Main topography in this area is hilly ground, with 
relatively gentle land relief. Vegetation along the line route is flourishing; with lots of shrubs, most 
are 10-15m high broad leveled forests and pine forests; others are mainly paddy fields and dry 
lands. The brushwood mainly includes secondary shrubs like Rhus semialata, broussonetia 
papyrifera, puberulous glochidion herb, Excoecaria sebifera, and Vitex negundo. It also includes 
some artificial plantings like Arundo donax Linn and Robinia pseudoacacia. There are still some 
grasses bushes grow after fire hazards in recent years, which mainly include cogon grass (Stipa 
capillacea), Melilotus albus, etc. Artificial coniferous forests mainly include families of pine, 
cunninghamia lanceolata and cypress. A few broad-leaved evergreen forests found in this 
investigation are ornamental forests surround the villages, which mainly includes typical hilly tree 
species like castanopsis and camphor trees. 

Based on community development characteristics, typicality and distribution ranges within 
the investigation area, six plant communities (i.e. camphor forest, castanopsis forest, 
cunninghamia lanceolata forest, rhus semialata bushwood, broussonetia papyrifera bushwood, 
giantreed bushwood) are selected for detailed illustration and analysis.  

a) Camphor Forest 
This community is the ornamental forest preserved around the villages, with small area and 

major number of camphor trees. Other arbor species include castanopsis, lithocarpus, 
liquidambar formosana, etc. Total coverage of arborous layer is 90%. There is not too many 
species in shrub layer, in which, most are rhus semialata (at forest edge), with other 7 species 
like dalbergia hupeana and symplocos chinensis. Other species are mainly young plants of 
camphor tree, ilex pur-purea, castanopsis and liquidambar formosana. Coverage of shrub layer 
is about 25%. Coverage of herbaceous layer is above 45%, in which, dryopteris erythrosora and 
lophatherum gracile are relatively large in quantity and density. Inter stratum plants mainly 
include smilax, glabrous greenbrier rhizome, etc.  

b) Castanopsis and Camphor Forest  
This community is the ornamental forest preserved around the villages, with simple 

composition of tree species. The arborous layer mainly includes castanopsis and camphor, in 
addition with liquidambar formosana, camellia oleifera abel, and elaeocarpus glabripetalus, of 
which, camellia oleifera abel is obviously in the second layer. Total coverage of arborous layer is 
85%. Understory shrubs mainly include gardenia, premna microphylla, clerodendron 
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cyrtophyllum turcz, symplocos chinensis, lindera strychnifolium vill, viburunm dilatatum thumb, 
symplocos setchuensis, etc., in addition with young plants of dalbergia hupeana, wild 
persimmon, etc. Total coverage of shrub layer is 45%. Herbaceous layer mainly includes 
lophatherum gracile, with the coverage of 20%. Inter stratum plants mainly include celastrus 
orbiculatus. 

c) Planted Cunninghamia Lanceolata Forest  
The planted cunninghamia lanceolata forest in this area has low effect of forestation. 

Cunninghamia lanceolata dominates this community, but there are invasions of camphor trees, 
lithocarpus and castanopsis. The shrub layer mainly includes lindera glauca, rhus semialata, 
loropetalum chinense. The herbaceous layer is not well developed. There is a few in inter 
stratum plants.  

d) Rhus Semialata Bushwood  
Rhus semialata is a typical volunteer (shrub). Due to poor vegetation preservation in this 

area, large areas of Rhus semialata shrubs are commonly found both on purple soil and red soil. 
e) Broussonetia Papyrifera Bushwood 
Broussonetia papyrifera is also a typical volunteer, with wide distribution from northeast to 

south China, along railways, roads and uncultivated lands of the villages. Broussonetia 
papyrifera grows well on purple soil. Thus, Broussonetia Papyrifera is commonly found on purple 
soil of this area. Besides Rhus semialata and Broussonetia papyrifera, common shrubs grow on 
purple soil of this area include Vitex negundo var. cannabifolia, Platycarya strobilacea, 
puberulous glochidion herb, Melia azedarach Linn, Maackia amurensis (Albizzia kalkora), 
Mallotus apelta, Sapium sebiferum, Sinadina racemosa, etc; in addition, there are spiny shrubs 
like Rosa cymosa, caesalpinia sepiaria, sweetbrier polyantha, Pyracantha, etc.  

f) Giantreed Bushwood  
Giantreed bushwood is common in this area. However, it is difficult to self-reproduce and 

requires artificial plantation. In view of vegetation recovery, giantreed cannot grow into forest, but 
only for surface soil coverage. Therefore, plantation of giantreed has less meaning. Forest 
protection and fire control are the main measures for recovering vegetation on purple soil of this 
area.  
3.2 Main Environment Protection Goals and Targets 

Protection targets of ecological environment of the Project mainly include forest land, 
cultivated land and wide animals along the line route. Environment protection goals include 
civilian houses, schools and farms and other human activity sites around every substation. 
Categories of protection are respectively electromagnetic environment and acoustic 
environment. Details refer to Table 3.2.  

Table 3.2  Main Environment Protection Target of the Project 

Site 

Main 
Environment 
Protection 

Target 

Protection 
Category  

Relation 
to the 
Line 

Household 

Crossing Shitang Road at Outgoing 
Line of 110kV Yunji Substation 

Civilian 
Houses 

Power 
Frequency 
Electromagnetic 
Field, Radio 
Interference, 
Noise 

Bypass  
(not 
crossing) 

1 

Unit 2 of 4th Team in Hengzhou 
Prison 2 

Baohe Pingtuo Pond of Yunji Town, 
Hengnan County 1 

The Second Water Plant of 
Hengnan County 2 
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4. Applicable Assessment Standards 

4.1 Standards of Environment Quality 
4.1.1 Environment Quality of Power Frequency Electromagnetic 

It is in accordance with Technical Regulations on Environmental Impact Assessment 
of Electromagnetic Radiation Produced by 500 KV Ultrahigh Voltage Transmission and 
Transfer Power Engineering (HJ/T 24-1998). The standards are: power frequency electric 
field: 4kV/m; power frequency magnetic field: 0.1mT.  

4.1.2 Radio Interference 

It is in accordance with Limits of Radio Interference from AC High Voltage Overhead 
Power Transmission Lines (GB15707-1995). The standard is that the limited value of radio 
interference 20m from projection of the side conductor of 220kV transmission line is 53dB 
(μV/m).  

4.1.3 Environmental Noise 

According to Standards for Acoustic Environmental Quality (GB3096-2008) and 
Technical Specifications to Determinate Suitable Area for Environmental Noise of 
Urban Area (GB/T15190-94), the Project construction area belongs to rural area that 
executed with Class 1 Standards, as there are a few industrial enterprises around. Details 
refer to Table 4.1-1.  

Table 4.1-1 Limits of Noise for Power Access System of Tugutang Complex 

Assessed Area Class 
Limits of Noise (dB) 

Daytime Nighttime 

Construction Area at Construction Period 1 55 45 

4.1.4 Ambient Air 

The area where the Project locates belongs to Class II functional zone of ambient air, in 
which, Class II stands in Standard of Ambient Air Quality (GB3095-1996) and its 
Amendment Notification are carried out. Details refer to Table 4.1-2. 

Table 4.1-2 Limits of Contaminant Concentrations in Ambient Air (Class II) 
No. Contaminant Value Time Unit Limit 
1 TSP Daily Mean mg/m3 0.30 
2 PM10 Daily Mean mg/m3 0.15 
3 NO2 Daily Mean mg/m3 0.12 

4.1.5 Soil and Water Loss 

It is carried out with classification indexes in Standards for Classification and 
Gradation of Soil Erosion (SL190-2007) issued by Ministry of Water Resources. Details 
refer to Table 4.1-3. 

Table 4.1-3 Standards for Classification and Gradation of Soil Erosion  
Gradation Erosion Modulus (km2·a) 

Micro-erosion (no obvious erosion) <500 
Mild Erosion 500～2500 
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Moderate Erosion 2500～5000 
Strong Erosion 5000～8000 

Extremely Strong Erosion 8000～15000 
Severe Erosion >15000 

4.2 Standards of Pollutant Emission 
4.2.1  Power Frequency Electromagnetic Field 

It is implemented as per Technical Regulations on Environmental Impact 
Assessment of Electromagnetic Radiation Produced by 500 KV Ultrahigh Voltage 
Transmission and Transfer Power Engineering (HJ/T 24-1998). The standards are: power 
frequency electric field: 4kV/m; power frequency magnetic field: 0.1mT.  
4.2.2  Radio Interference 

It is implemented as per Limits of Radio Interference from AC High Voltage Overhead 
Power Transmission Lines (GB15707-1995). The standard is that the limited value of radio 
interference 20m from projection of the side conductor of 220kV transmission line is 53dB 
(μV/m). 
4.2.3  Environmental Noise 

Noise emission during construction period is implemented as per Class 1 Standard in 
Noise Limits for Construction Site (GB12523-90), and noise emission during operation 
period is implemented as per Class 1 Standard in Emission Standard for Industrial 
Enterprises Noise at Boundary (GB12348-2008). Details refer to Table 4.2-1 and 4.2-2.  

Table 4.2-1  Emission Standard for Industrial Enterprises Noise at Boundary (excerpt) 
                            Time 

Functional Zone of Acoustic 
Environment outside Boundary 

Equivalent Sound Level  
Leq: dB(A) 

Daytime Nighttime 
1 55 45 

Table 4.2-2 Noise Limits for Construction Site (excerpt) 

No. Construction 
Period Main Noise Source Noise Limit (dB) 

Daytime Nighttime

1 Earth rock 
Excavation Bulldozer, Excavator, Loader, etc. 75 55 

2 Piling Various pile hammers, etc. 85 Banned 

3 Structuring Concreting, Vibrator, Sawing 
Machine, etc 70 55 

4 Decoration Crane, Lifter, etc. 65 55 

4.2.4 Exhaust Gas 

Air pollution of this Project mainly happens during construction period. Based on 
protection targets of ambient air in Project area and characteristics of the construction, 
emission of atmospheric pollutants is implemented as per Class II Standard in Integrated 
Emission Standard of Air Pollutants (GB16297-1996), of which, peak concentration of NO2 

outside boundary is 0.12mg/m3, peak concentration of TSP outside boundary is 1.0mg/m3. 
4.3 Total Control Index 

The Project is a power transmission and distribution project. Currently, there are only 
control index of emissions of power frequency electromagnetic field and noise, and there is no 
total control index. Therefore, this Project has no total control index of power frequency 
electromagnetic field and noise. 
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5. Analysis on Construction Works 
5.1  Analysis of Substation Work 
5.1.1  Work Procedure and pollution Links 

This power transmission work is designed to transmit high voltage current to the next 
stage of substation through transmission line. The work procedure and pollution courses are 
shown in the following diagram 5.1-1, which indicating that the environment affecting factors for 
both construction and operation periods of power transmission work having different 
characteristics. 

 
 
 
 
 

Current            Current  
                 
                                   110kV transmission line 
 
 
 
 
 
 
 
 
 
  

Diagram 5.1-1 110kV Transmission Line Work Procedure and Pollution Courses 

5.1.2 Analysis of Pollution Factors at Substation 

a) Construction period 
Main environment impact during substation construction period include: land occupation, 

vegetation destruction, construction noise, dust, solid waste, construction sewage and 
domestic sewage drainage. 
b) Operation period 

Main pollution factors during substation operation period include: power frequency electric 
field, magnetic field, radio interference, operation noise, and domestic sewage. 

5.1.3 Analysis of Substation Power frequency electric field, Magnetic Field, and Radio 
Interference 

a) 110kV inlet and outlet line 
The inlet and outlet line of 110kVsubstation will cause a certain intensity of power 

frequency electric field and magnetic field, which mainly centralizing at the downside of 110kv 
high voltage in/outlet line.  
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b) 110kVmain transformer and distribution device 
During operation period, a certain intensity of power frequency electric field, magnetic 

field, and radio interference will be caused at the main transformer of 110kv substation, 110kv 
distribution device and transmission line due to ultra-high voltage, weak discharge or corona, 
the main environment impact on substation is radio communication interference, etc. 

5.1.4  Analysis of Substation Noise Pollution  

The site survey, observation and data analysis indicate that there is no greater noise 
pollution produced by industrial and mining enterprises near this 110 kv substation, the main 
pollution sources will come from the equipment in the substation after its operation, which 
including: 
(1) Main transformer of substation  

According to the survey and measuring result of the existing 110kv substation, the 110kv 
main transformer produces about 63dB (A) noise when in operation, mainly in medium & low 
frequency, with continuous status, strong penetration force and long transmission distance. 

The proposed 110kv main transformer is adopted with oil immersed self-cooling 
three-phase autotransformer, therefore, its sound level will be less than 63dB (A) when in 
operation. 
(2) Reactor of substation 

The high voltage parallel connection reactor shall be arranged near the transformer in the 
substation, which will produce a certain magnetic noise when in operation. Normally, 110kv 
reactor produces 58dB (A) noise, therefore, the main environmental pollution sources come 
from noise of main transformer and reactor in 110kv substation.  

Possible noise pollution from acoustic equipment at Yunji 110kV Substation is shown in 
Table 5.1-1. 

Table 5.1-1  Acoustic Equipment at Yunji 110kV Substation 

Voltage Class Equipment  
Noise source 

dB(A) 

110kV 
Main Transformer (1m away) 63 

Reactor 58 

5.1.5  Oil Drainage System at Substation 

In case accident happens to any main transformer, all the oil-water mixing liquid will drain 
into the emergency oil pond; the oil will be separated from water via oil-separation pond, and 
used for transformer again after being treated. 

5.1.6  Domestic Sewage 

The domestic sewage at Yunji 110kV substation mainly come from main control building 
and dormitory building, which will be used for lawn greening at substation area after being 
treated at septic tank, and will not bring impact to the water body nearby. 
5.2  Analysis of Power Transmission Work 
5.2.1  Environment Protection Characteristic  

The transmission line work has following characteristics according to its specific work 
condition:  
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(1) This transmission line work distributes at hilly belt, involving in small impact area and 
short work period. 

(2) No ambient air pollutant produce after completion of Tugutang 110kV transmission line 
work. 

(3) No solid waste produced after work completion. 
(4) Power frequency electric field, magnetic field, radio interference, and noise will produce 

after work completion. 

5.2.2  Main Environmental Protection Issues 

The environment impact by 110kV transmission line construction mainly happens during 
construction period and operation period. 
(1) Construction period 
• Impact on the adjacent inhabitants and vegetation by construction of tower foundation of 

transmission line. 
• Impact on the agricultural production and ecological environment by permanent & 

temporary land occupation for tower foundation construction. 
• Impact on the adjacent inhabitants by construction noise and transport. 
• Impact on surrounding environment by dust. 
• Impact on the landscape nearby during construction. 
(2) Operation period 
• Impact on environment by power frequency electric field and magnetic field from 

transmission line operation. 
• Impact on adjacent wire & wireless devices by radio interference from transmission line. 
• Impact on ecological environment by transmission line operation. 

In terms of transmission line work, the above-mentioned environment impacts mainly 
include power frequency electric field, magnetic field, radio interference during operation 
period, and local ecological environment impact during construction period. 

5.2.3 Analysis of Transmission Line Pollution Factors  

The environment impact caused by 110kV transmission line work could be divided into 
construction period and operation period. 

The environmental impact factors during construction period and operation period are 
shown in Table5.2-1 and Table 5.2-2, respectively. 

Table 5.2-1  List of Environment Impact Identification during Construction Period 
No. Impacted items Environment Impact Factors 

1 Land occupation ①Land occupation by tower foundation �Temporary 
land occupation 

2 Mineral  No impact 
3 Hydrological status and flood No impact 

4 Construction dust Certain impact to ambient air, which will recovery 
after completion of the construction.  

5 Construction noise Having certain impact to construction staff and 
acoustic environment. 

6 Domestic sewage during 
construction period Less impact 
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7 Sewage discharge during 
construction period Less impact 

8 Vegetation ① Occupied vegetation is destroyed,�Partial 
vegetation at line access is removed. 

9 Landscape Having impact to landscape at local area. 
10 Navigation  No impact 

11 Highway  Short period of impact, recovering after work 
completion. 

12 Railway  Short period of impact, recovering after work 
completion. 

13 Agricultural production Having impact 
14 Cultural relicts  No impact 
15 Scenic spot No impact 

16 Post & telecommunication 
line, power line Having small impact, mainly by line reformation. 

17 Water & soil conservation  
Change the local water & soil loss by earth-rock 
excavation, vegetation removal, and building 
construction. 

Table 5.2-2  List of Environment Impact Identification during Operation Period 
No Impacted items Environment Impact Factors 

1 Land occupation 
① Permanent occupation by tower foundation � 
The utilization function of land alongside line access is 
confined. 

2 Mineral  No impact. 
3 Power frequency electric field, 

magnetic field Less impact, reach the recommended limit value. 

4 Radio interference Less impact, reach the recommended limit value. 
5 Noise Less impact, reach the recommended limit value. 
6 Vegetation Tower foundation will destroy local vegetation. 
7 Navigation  No impact. 
8 Highway No impact. 
9 Wire & wireless 

communication 
No impact. 

10 Cultural relicts  No impact. 
11 Scenic spot Having certain impact on local landscape after work 

completion. 
12 Agricultural production No harvest at permanent occupied land. 
13 Water & soil conservation Plant sod, trees; build tower foundation. 
Through screening of environmental impact factors for both construction and operation 

period from Table 5.2-1and Table 5.2-2, the following assessed factors are obtained for this 
EIA. 
(1) Construction period 

• Environment impact caused by construction noise, dust, and sewage. 
• Ecological environment impact by transmission line construction, make brief analysis to 

water & soil conservation at flat area. 
• Impact on agricultural production caused by temporary land occupation. 
• Short period of impact on transport caused by transmission line erection. 

(2) Operation period 
• Environment impact caused by power frequency electric field, magnetic field, noise, and 

radio interference during operation of Tugutang 110kV transmission line. 
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When the high voltage transmission line is in normal operation condition and at 50Hz work 
frequency, its electromagnetic radiation mainly centralize at around work frequency (50Hz), 
which is out of the stipulated wave length and frequency in Protection Rules of Electromagnetic 
Radiation (GB8702-88), therefore, the electromagnetic impact of 110kv transmission line will 
be assessed on basis of power frequency electric field and magnetic field. The detail values 
are power frequency electric field (kV/m) and magnetic field (mT) produced under different 
condition.  

• Impact on ecological environment and agricultural production caused by transmission 
tower foundation construction. 

• Social environment impact caused by transmission line, such as land utilization.  
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6 Producing and Emission of Main Pollutants 

Items  
Emission 
Source 
(No.) 

Pollutant Name Concentration or Amount  
Before Treatment 

Emission Concentration  
or Amount 

A
ir 

po
llu

ta
nt

 

C
on

st
ru

ct
io

n 
pe

rio
d 

Dust TSP  55kg/d Reach emission standard 

Vehicle 
emissions 

SO2  2kg/d Reach emission standard 

NO2 9kg/d Reach emission standard 

CO 18kg/d Reach emission standard 

W
at

er
 p

ol
lu

ta
nt

 

C
on

st
ru

ct
io

n 
pe

rio
d Domestic 

sewage 

CODCr 100mg/L 0 
NH3-N 60mg/L 0 

SS 15mg/L 0 
Sewage volume 5m3/d 0 

Batching 
sewage 

SS 500 mg/l，10 m3/d 0 

Machinery 
flushing 
sewage 

Petroleum 
 

10 mg/l，5 m3/d 0 

O
pe

ra
tio

n 
pe

rio
d 

Domestic 
sewage 

CODCr 50mg/L 0 
NH3-N 30mg/L 0 

SS 5mg/L 0 
Sewage volume 1.2m3/d 0 

So
lid

 w
as

te
 

C
on

st
ru

ct
io

n 
pe

rio
d Working staff Domestic rubbish 100kg/d 100kg/d 

Main works Earth rock spoils 739m3 739m3 

O
pe

ra
ti

on
 

pe
rio

d 

Staff living Domestic rubbish 0.2t/a 0.2t/a 

N
oi

se
 C
on

st
ru

c
tio

n 
pe

rio
d Work 

machinery and 
piling machine 

Noise  68-130dB(A) 
Reach standards of Noise Limits 

for Construction Site 
(GB12523-90) 

O
pe

ra
tio

n 
pe

rio
d 

Equipment in 
substation 

Noise  58-63dB(A) 
Reach plant boundary noise 
standard: daytime:55dB(A), 

night:45dB(A) 

fre
qu

en
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c 
O
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n 

pe
rio

d 

110kV line 
Power frequency 

electric & 
magnetic field 

Electric field：875.0V/m；magnetic field：1560×10-6mT 

R
ad

io
 

in
te

rfe
re

nc
e

O
pe

ra
tio

n 
pe

rio
d 

110kV line 
Radio 

interference 
43.29dB（μV/m） 

Main 
Ecological 

Impact  

The tower foundation excavation will destroy local vegetation and cause slight water & soil loss. But 
the tower foundations occupy less area and in point distribution, which having small impact on the
ecological environment. The main impact is on the landscape alongside. Besides, in order to assure
safety operation of transmission line, the surrounding tall trees have to be chopped. 
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7 Analysis of Environment Impact 

7.1 Brief analysis on Environment Impact during Construction Period 
The main impact factors during construction period include water & soil loss, dust, and 

machinery noise.  

7.1.1 Impact of Water & Soil Loss and Prevention during Construction Period 

The earth excavation will disturb the original top soil structure, and weaken its 
anticorrosion ability; the exposed soil is apt to be scoured by rainwater, and cause water & soil 
loss. 

The following measurements shall be taken during construction in order to prevent water & 
soil loss: 

(1) Tower foundation excavation for this transmission line work will destroy local 
vegetation, and cause slight water & soil loss. As the excavation quantity is not large, it 
suggests making good treatment to the exposed earth, keep the excavated earth and rock for 
backfill to the tower foundation. 

(2) Prevent runoff scouring at the equipment & material storage yards, timely remove the 
waste soil and residue, and avoid water and soil loss due to improper treatment. 

(3) The vegetation is not allowed to spoil during tower foundation work, which shall be 
recovered after work. In case fail of vegetation recovery, select proper local vegetation for 
recovery, so as to assure no exposed earth and strengthen water & soil conservation. 

7.1.2  Air Impact and Prevention during Construction Period 

As dust will produce during excavation and material transport, local air will be polluted, 
therefore, the following measurements shall be taken:  

(1) Execute civilized construction and strict management. 
(2) Spray water periodically, especially to the local dust area. 
(3) Build fence for work, and compact the soil. When work in dry and windy season, cover 

the cement with membrane to avoid dust pollution. 

7.1.3  Noise Impact and Prevention during Construction Period 

The noise mainly come from electric mixer, electric saw, crane, and vehicle, ranging 

between 80～100dB(A). Effective measurements must be taken to reduce noise impact as per 

Noise Limits for Construction Site (GB12523-90). The noise limit values in different work 
stages are shown in Table 7.1. 

Table7.1  Noise Limit Values in Different Work Stage 

Construction 
Stage Main noise sources 

Noise level 
Equivalent sound level 

Leq[dB(A)] 
Daytime  Night  

Earth rock 
excavation Bulldozer, excavator, loader  75 55 

Piling  Various piling machine 85 Work forbidden
Structure  Concreting, vibrator, electric saw 70 55 
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Material 
transport Crane, lifter 62 55 

Select proper construction machinery, method, site, time, and low noise equipment, and 
maintain the equipment frequently during construction, so as to avoid increasing noise due to 
its declined performance. 

The above-mentioned pollution factors during construction period could be avoided or 
alleviated through certain measurements, and reach emission standards. 

7.2 Analysis on Environment Impact during Operation Period 
7.2.1 Electromagnetic Environment Impact Assessment of Proposed Transmission 

Line  

The power access system of Tugutang project is in single circuit erection. The existing 
110kv Yunji-Zhenwu double circuit overhead line will be adopted for assessing the proposed 
line as per the transmission line scale, voltage class, capacity, and environment, making direct 
comparison between predicting result and assessment criteria. 

a) Predicting content and method 
Predicting content: intensity of power frequency electric field, intensity of power frequency 

magnetic field, radio interference level. 
(1) Predicting method: by analogy monitoring method. 
(2) Assessment method: by making direct comparison between predicting result and 

assessment criteria. 
b) Analogy monitoring of transmission line 
(1) Monitoring point arrangement 
Regarding monitoring of power frequency electric field, 8 points will be arranged from 

centerline projection until 50m away from the projection of side wire in vertical direction to 
transmission line. Regarding monitoring of radio interference, 10 points will be arranged from 
centerline projection until 2000m away from the side wire projection in vertical direction to 
transmission line. 

(2) Monitoring instrument and method 
Adopt the same instrument and method as that of the existing line electromagnetic 

environment monitoring. 
(3) Operation condition 

110kV Yunji-Zhenwu line: P=75 MW，Q=-15 Mvar，I=190A 

(4) Monitoring result 
Electromagnetic environment monitoring result of 110kV Yunji-Zhenwu double circuit 

overhead line is shown in Table 7.2-1, 7.2-2. 
Table 7.2-1  110kV Yunji-Zhenwu Power Frequency Electromagnetic Field Monitoring 

Result 

Monitoring point 
Power frequency electric 

field(V/m) 
Power frequency magnetic field 

(×10-6mT) 
Total  X Y Z Total  X Y Z 

Under centerline 835.6 819.5 123.4 67.33 1538 234.1 324.5 1401 
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Under side wire 868.9 86.89 645.6 164.5 1384 278.1 432.1 1207 
5m to side wire 799.6 138.5 683.4 127.5 1052 440.8 463.2 470.4 

10m to side wire 348.8 49.33 234.2 115.3 574.8 287.7 153.2 304.2 
15m to side wire 226.2 22.62 193.4 25.14 367.4 172.5 83.53 246.5 
20m to side wire 143.8 38.04 98.31 28.74 254.6 146.4 39.42 183.6 
30m to side wire 57.38 25.66 34.52 19.35 119.5 28.54 23.53 104.2 
40m to side wire 17.86 7.14 12.34 3.37 75.24 20.09 12.45 68.96 
50m to side wire 30.99 8.20 23.42 9.89 53.75 7.83 12.34 50.71 

Monitoring date: March 27th,2009, sunny, temperature: 22.9�, relative humidity: 29.7%. 
 
 

Table 7.2-2  Radio Interference Monitoring Result of 110kV Yunji-Zhenwu Line  unit: 
dB(μV/m) 

Monitoring point 0.5MHz 1MHz Remark  
Under centerline 39.38 34.26 

Monitoring date 
March 27th, 2009, 
sunny, temperature: 

22.9� ， relative 

humidity:29.7%。 

Under side wire 38.64 34.75 
5m to side wire 38.86 35.11 
10m to side wire 39.21 34.56 
20m to side wire 37.79 34.88 
50m to side wire 37.36 33.02 

100m to side wire 37.22 33.54 
200m to side wire 37.49 34.14 
500m to side wire 36.30 32.49 

1000m to side wire 37.67 34.19 
2000m to side wire 37.52 34.85 

Table7.2-1 and 7.2-2 show that the maximum value of power frequency electric and 
magnetic field that selected from the existing 110kV Yunji-Zhenwu transmission line are 
868.9V/m and 1538×10-6mT, respectively, which meet the limit value requirement of 4kV/m and 
0.1mT. The maximum value of 0.5MHz radio interference is 39.38dB (μV/m), meeting the limit 
value requirement of 53 dB (μV/m). 

c) Conclusion of electromagnetic impact assessment 
Analogy prediction and analysis is made to the power frequency electric & magnetic field 

and radio interference level based on the analogy monitoring result of existing110kv 
Yunji-Zhenwu transmission line, indicating the environment impact scope and degree, the 
result is shown in Table 7.2-3. 

Table 7.2-3  Predicting Result of Power Frequency Electromagnetic Field and Radio 
Interference for Environment Protection Objects at Transmission Line Area 

           Items  
Monitoring point 

Background 
Value 

Prediction 
Value 
(Max.) 

Superposition 
Value 

Standard 
Limit 
Value 

Result 

Yunji substation 
110kV outlet 
over Shitang 

Power 
frequency 

electric field 
103.4V/m 868.9V/m 875.0V/m 4kV/m Reach 

standard 
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Road Power 
frequency 
magnetic 

field 

86.82×10-6mT 1538×10-6mT 1540×10-6mT 0.1mT 

Radio 
interference 43.29dB 39.38dB 43.29dB 53dB 

Unit 2, the 4th 
Team, of 

Hengzhou 
Prison,  

Power 
frequency 

electric field 
1.156V/m 868.9V/m 868.9V/m 4kV/m 

Reach 
standard 

Power 
frequency 
magnetic 

field 

4.561×10-6mT 1538×10-6mT 1538×10-6mT 0.1mT 

Radio 
interference 37.24dB 39.38dB 39.81dB 53dB 

Tuotang, 
Baoheping,Yunji 
Town, Hengnan 

County 

Power 
frequency 

electric field 
2.975V/m 868.9V/m 868.9V/m 4kV/m 

Reach 
standard 

Power 
frequency 
magnetic 

field 

8.353×10-6mT 1538×10-6mT 1538×10-6mT 0.1mT 

Radio 
interference 36.51dB 39.38dB 39.44dB 53dB 

The Second 
Water Plant of 

Hengnan 
County 

Power 
frequency 

electric field 
1.705V/m 868.9V/m 868.9V/m 4kV/m 

Reach 
standard 

Power 
frequency 
magnetic 

field 

6.023×10-6mT 1538×10-6mT 1538×10-6mT 0.1mT 

Radio 
interference 42.96dB 39.38dB 42.96dB 53dB 

110kv outlet of 
Tugutang 
Complex 

Power 
frequency 

electric field 
3.626V/m 868.9V/m 946.2V/m 4kV/m 

Reach 
standard 

Power 
frequency 
magnetic 

field 

15.37×10-6mT 1538×10-6mT 1560×10-6mT 0.1mT 

Radio 
interference 39.12dB 39.38dB 40.75dB 53dB 

The analogy result from Table 7.2-3 shows that when the power access system of 
Tugutang Complex put into operation, the maximum value of power frequency electric & 
magnetic field are 875.0V/m and 1540×10-6mT respectively, which are less than the standard 
limit value (4kV/m and 0.1mT) specified in Technical Specification of Electromagnetic 
Radiation Environment Impact Assessment for 500 kV Ultrahigh Voltage Power 
Transmission Engineering (HJ/T24-1998). The maximum value of 0.5MHz radio interference 
is 43.29dB (μV/m), meeting the limit value requirement of 53 dB (μV/m) for 220kv line specified 
in Limits of Radio Interference from AC High Voltage Overhead Power Transmission 
Lines (GB15707-1995). 

7.2.2  Analysis of Acoustic Environment Impact 

Table 3.1-3 shows that maximum acoustic values of protected objects at transmission line 
area are 55.7 dB (A) and 42.9 dB(A) in day time and night, respectively, which meet the related 
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standard specified in Standards for Acoustic Environmental Quality (GB3096-2008). 
As the noise is mainly the electromagnetic noise from operated overhead transmission 

line, which is too weak to hear during fine day, even less than 3 dB(A) in foggy day and 
overwhelmed by environmental noise, therefore, it will not have impact on acoustic 
environment at proposed transmission line area.  

The above analysis indicates that the acoustic environment will not change too much even 
when the proposed 110kv transmission line put into operation. 

7.2.3  Analysis of Water Environment Impact 

No sewage water will produce from power accessing system of Tugutang complex, 
therefore, no impact on water environment surround project area. 

7.2.4  Analysis of Solid Waste Environment Impact 

The solid waste mainly comes from small amount of maintenance rubbish during operation 
period, some could be recycled, others shall be transported to rubbish station or landfill site, 
which will not have impact on environment.   
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8 Proposed Prevention Measurement and Its Expected Result 

8.1 Pollution Prevention Measurement 
a) Noise control 
Adopt low noise machinery for substation and transmission line construction; avoid high 

noise machinery working in night.  
Low noise equipment shall be used in substation, the transformer noise shall less than 

70dB (A). Perform greening around fencing wall where no inlet and outlet wire passing, so as to 
reduce noise impact. 

Establish more contact with the local planning department and land department, require 
the local inhabitants not to build houses near the substation, so as to avoid noise disturbance, 
in case it happens, prevention measurements shall be done. 

b) Control of power frequency electric field and magnetic field 
The electrifying equipment in the substation shall be installed with grounding devices. 
110kV overhead line shall be constructed as per Construction and Acceptance 

Specification of 110～500 kV Overhead Power Line（GB50233-2005）, so as to assure the 

vertical and horizontal distance between wire and structures longer than the stipulated distance 

in Technical Regulation of 110~500kV Overhead Power Line Design（DL/T 5092-1999）, 

and control the power frequency electric & magnetic field and radio interference within the 
national specified scope. The minimum vertical distance between wire and structures is shown 
in Table 8.1-1, and minimum horizontal distance in Table 8.1-2.  

Table 8.1-1  Minimum Vertical Distance between Wire and Structures 
Nominal voltage

（kV） 110 220 330 500 

Vertical distance
（m） 5.0 6.0 7.0 9.0 

 
Table 8.1-2  Minimum Horizontal Distance between Side Wire and Structures 

Nominal voltage
（kV） 110 220 330 500 

Vertical distance
（m） 4.0 5.0 6.0 8.5 

This transmission line work is designed on basis of non-residence area. When the line is in 
double circuit reverse phase sequence arrangement, keep net distance from wire to spire 
house > 6m, from wire to flat house > 8m. When the line is in double circuit same phase 
sequence, keep net distance between wire and roof > 11m, so as to assure the power 
frequency electric field and magnetic field meet required limit value.  

When the 110kV transmission line is built in double circuit, adopt reverse phase frequency 
arrangement, so as to reduce the ground power frequency electric field. 

Enlarge the greening area at substation. 
c) Control of sewage water 
Arrange septic tank at Yunji 110kV substation. 
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Arrange emergency oil pond at Yunji 110kV substation. In case of transformer accident, 
drain oil from transformer into this pond.  

8.2 Expected Effect of Pollution Prevention Measurement 
Expected effect of pollution prevention measurement is shown in Table 8.2. 
 
 
 

 

Table of Proposed Prevention Measurement and Its Expected Effects  

Item 

 

Type 

Emission 

Source 
Pollutant Prevention Measurement  

Expected  

Effects 
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TSP, SO2, 

NO2, CO 

a) Arrange construction according to weather and season, 
stop dust-producing work when wind force >Grade 4. b) Set 
proper fence around working site, which could reduce the 
dust by 80% compared with no fence. c) Spray water at site 
every day to prevent dust, and increase spray volume and 
times in heavy wind day. d) Clean and flush the site access to 
reduce transport dust. e) The vehicle shall run in low or 
limited speed when entering to work site, so as to reduce 
dust. f) The construction trash and dregs shall be treated as 
per government requirement. The construction units shall 
remove the remaining trash and dregs within one month after 
the work completion.  

Reach discharge 

standard  

W
at

er
 p

ol
lu

ta
nt

 

C
on

st
ru

c
tio

n 
pe

rio
d Domestic 

sewage 

CODCr 

NH3-N 

SS 

The construction area shall be set with centralized temporary 
living area; the domestic sewage will be used for farmland 
fertilizing or vegetation backfill after sedimentation and 
treated in septic tank. 

Comprehensive 

utilization 

O
pe

ra
tio

n 
pe

rio
d Domestic 

sewage 

CODCr 

NH3-N 
SS 

Adopt WSZ-1 embedded type domestic sewage treatment 
device, and arrange behind the substation. Fecal sewage and 
dining hall sewage in waste pond will be treated in the integral 
equipment, and then used for water spray or greening without 
drainage out. The sludge and dregs, after treated in the drying 
bed, will be transported outside.    

Comprehensive 

utilization 

So
lid

 w
as

te
 

C
on

st
ru

ct
io

n 
pe

rio
d 

Main 

works 

Earth rock 

waste 

The waste produced during construction period will be 
transported by enclosed truck, and will be cleaned away 
timely.  

Harmless 

treatment 

Working 

staff 
Domestic 

rubbish 

Arrange 2~3 rubbish stations near the temporary living area, 
and designate person for daily cleaning and collecting to the 
rubbish station. The construction units shall equip waste 
transporter to clean the rubbish station 3~4 times a week, the 
rubbish shall be transported to domestic rubbish disposal 
plant, random dumping is not allowed.  

Harmless 

treatment 

O
pe

ra
t

io
n 

pe
rio

d 

Staff 
Domestic 

rubbish 
All rubbish shall be collected periodically by local sanitation 
department. 

Harmless 

treatment 
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Item 

 

Type 

Emission 

Source 
Pollutant Prevention Measurement  

Expected  

Effects 

Noise 
Machinery 

and piling 

noise 

Noise 

a) Arrange proper construction time, and make construction 
schedule, avoid high noise equipment operating at the same 
time. Secondly, arrange the high noise equipment work at 
daytime, and reduce its night work time. b) Arrange proper 
construction place, avoid over high sound level at local area. 
c) Try to adopt low noise equipment, such as using hydraulic 
machinery instead of fuel machinery, and adopting high 
frequency vibrator. Switch off the idle equipment. d) Reduce 
speed when driving vehicle into site, and reduce horning. e) 
Reduce artificial noise, operate the machine as per 
stipulation, and reduce crashing noise during formwork and 
support mounting/dismounting.   

Reach plant 

boundary noise 

standard 

 

Table of Proposed Prevention Measurement and Its Expected Effects (Continue) 

Item 
Type  

Discharge 
source 

Pollutant  Prevention Measurement 
Expected  

Effects 

Noise  

Noise 
during 

operation 
period 

Noise  

The measured acoustic value of protective objects at power 
access system project area in daytime and night comply with 
Standards for Acoustic Environmental Quality 
(GB3096-2008). The overhead line has small electromagnetic 
noise. As the line route goes through hills and paddy fields, it 
has small impact on acoustic environment.  

Reach plant 
boundary 

noise 
standard 

Control of 
power 

frequency 
electric 

field and 
magnetic 

field 

220kV overhead line shall be constructed as per Construction and Acceptance Specification of 
110~500kV Overhead Power Line Design (GB50233-2005), so as to assure the vertical and horizontal 
distance between wire and structures longer than the stipulated distance as in Technical Regulation of 
110~500kV Overhead Power Line Design（DL/T 5092-1999）, and control the power frequency 
electromagnetic field and radio interference within the national stipulated scope. During operation 
period, enhance maintenance and management of overhead line. The minimum vertical distance 
between wire and structures is shown in Table 9, and minimum horizontal distance in Table 10. Assure 
the intensity of power frequency electric & magnetic field meet required limited value, so as to assure 
transmission line safety and people’s life and property security. 

Ecologic protection measurement and expected effect: 
Site survey shows that the 110kv transmission line area in this environment impact report has good ecological 
condition. The following measurements shall be taken in order to reduce the ecological impact to the minimum 
degree. Fill back the earth for vegetation recovery that excavated from tower foundation, restore the ecological 
environment that affected by material transport, reduce impact on water & soil loss and recover original ecological 
condition. 
The above mentioned measurements will reduce the ecological impact that caused by power access system of 
Tugutang Complex to the minimum degree. 
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9 Cost Estimate of Environment Protection 

9.1 Cost Estimate of Environment Protection 
The engineering environment protection cost for power access system of Tugutang 

Complex consists of environment protection cost and independent cost. The former one 
includes: water environment protection, air environment protection, ecological recovery 
measurement, water and soil conservation measurement, domestic rubbish treatment, etc. the 
latter one includes: project establish cost, completion and acceptance cost, and other costs.  

The investment of environment protection and water & soil conservation for this project is 
estimated to be RMB280 thousand Yuan as per national standard, quota, local standard, and 
market price.  
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10 Conclusion and Suggest 

10.1 Conclusion  
The power access system of Tugutang Complex locates in Yunji Town of Hengnan County. 

The related environment impact assessment is concluded as following according to the above 
mentioned contents. 

a) Work necessity:  
This work intends to assure steady and safety power transmission from Tugutang Complex, 

and provide power support to Hengyang load center to promote supply stability. Therefore, the 
power access system is not only important, but also of great significance for promoting economic 
development in Hengyang. 

b)  Status quo of environment quality at project area 
The site survey shows that the index of power frequency electromagnetic field and radio 

interference are reasonable at proposed construction area, and the vegetation at transmission 
line area develops well, with good water and soil conservation, and natural environment. No 
large scale industrial and mining enterprises locate, only a few inhabitants live there. No key 
protective fauna & flora, or valued cultural relic found there. No overburden on vital mineral 
resources. 

c) Environment impact during construction period 
The adverse impact mainly happens during construction period, including dust, noise, 

sewage, domestic rubbish and ecological impact by excavation. But these impacts don’t involve 
in vital environment protective objects, and could be reduced to minimum degree through proper 
protection measurement and construction management. 

Tower excavation will cause slight local water and soil loss, which could be controlled after 
recover the land and greening. Besides, some tall trees alongside the route have to be chopped 
in order to assure safety operation of 110kv transmission line. The construction will have a 
certain impact on local landscape as well.  

d) Environment impact during operation period 
Select the existing comparable 110kv Yunji-Zhenwu line for analogy prediction of proposed 

transmission line according to analysis of Tugutang power access system. The prediction result 
shows that when the proposed 110kv line put into operation, the electromagnetic value and 
acoustic environment value meet national standard requirement.  

e) Environment protection measurement and cost estimate 
In order to assure the environment quality within project area meet related requirement, it 

shall enhance monitoring and management to the construction pollution, and implement 
environment protection. The main protection measurements include: treatment of domestic & 
production sewage water, domestic rubbish treatment, protection of air environment, acoustic 
environment, and ecological environment. In order to assure the protection implementation, the 
Client shall incorporate the environment protection items into work supervision in contract, make 
plan of environment protection for construction area before work commencement, and assure 
the availability of RMB280 thousand Yuan for environment protection.   

In conclusion, there is no vital issues restricting the construction, or confining the sustainable 
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utilization of local environmental resources and virtuous cycle of ecological environment. As long 
as take environment protection and water conservation by prevention, treatment and 
management, the adverse impact will be effectively controlled. Analysis from environment 
aspect, this project is feasible without environment problem that restricting the work 
development. 

10.2  Suggestion 

The following suggestions are pointed in order to assure sustainable development of 
construction and environment protection: 

a) Implement construction, equipment selection, and procurement in comply with planning 
design, control the power frequency electromagnetic field and radio interference in national 
stipulated scope. 

b) The proposed 110kv overhead line shall not go via inflammable and explosive 
warehouse, and avoid the sensitive area such as school, hospital and kindergarten. Try to avoid 

resident houses, if failed, execute as per related stipulation.。 

c) Implement the construction as per Construction and Acceptance Specification of 
110~500kV Overhead Power Line Design (GB50233-2005), so as to assure the vertical and 
horizontal distance between wire and structures longer than the stipulated distance as in 

Technical Regulation of 110~500kV Overhead Power Line Design（DL/T 5092-1999）, and 

control the power frequency electromagnetic field and radio interference within the national 
stipulated scope. At the inhabitants’ intensive area, increase the distance between transmission 
line and structures so as to reduce construction impact. 

d) During construction period, enhance management and perform civilized construction, 
strictly implement the ecological protection measurement, and reduce impact on ecological 
environment. 

e) During construction period, select proper construction machinery, method, site, and time; 
adopt low noise equipment. 

f) When the project put into operation, timely test the power frequency electromagnetic field, 
checking if it reaches the national standard. 
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1. General Provisions 

1.1 Origin of the Project 

The main stream of Xiangjiang River is the water supply source of Hengnan County and the 
reach of Xiangjiang River in the County is rich in water resources, however, if the water of 
Xiangjiang River is contaminated, the water supply security will be under threat. In other words, 
in the event of any water pollution or any sudden water pollution accident in the upper reaches 
of the main stream of Xiangjiang River in Hengnan County, the water supply security will not be 
guaranteed.  
In the meantime, according to the evaluation of the Environmental Impact Assessment (EIA) 
Report, once the Tugutang Navigation and Hydropower Complex is completed and put into 
operation, at the time of sluicing for the first time in wet season of each year, the substrate 
sludge deposited in front of the dam will, if the incoming flow is large enough （Q≥6931 m3/s）, 
be agitated and brought into the lower reaches at the time of flood discharge, which will 
produce the adverse effects on the water quality of the lower reaches. Through reckoning, on 
the condition of the pollution status quo in 2010, after the sluicing, the migration and 
transformation of the entire analog section from Tugutang dam site to Hengyang City reached 
equilibrium within 14~15 hours and the Cd, Pb, and As equilibrium concentrations have met the 
Grade II water quality standards, in which the maximum concentration of Cd at Hengnan 
County Water Plant, Intake of Air Defense Brigade, and Chejiang Town Water Plant exceeded 
the stipulated standards, and the maximum multiples beyond the standards were 0.41,  0.35 
and 0.30 respectively; the maximum concentration of Pb at Hengnan County Water Plant, 
Intake of Air Defense Brigade, and Chejiang Town Water Plant had been beyond the 
recommended standards as high as 0.93 times, 0.79 times and 0.66 times respectively; while 
the maximum concentration of As at Hengnan County Water Plant, Intake of Air Defense 
Brigade, and Chejiang Town Water Plant had exceeded the recommended standards as high 
as 0.64 times, 0.56 times and 0.50 times respectively. 
Thus it can be seen that the water quality of Xiangjiang River will be influenced during the 
construction of and the sluicing after the completion of the Tugutang Navigation and 
Hydropower Complex, the Cd, Pb, As and other indicators are not up to the standards, which 
have produced potential safety hazards to the water quality. In order to solve the problem in 
respect of single source of water supply in Hengnan County and its surrounding regions, avoid 
any possible sudden heavy metal contamination as a result of the main stream of Xiangjiang 
River, and prevent the first sluicing of Tugutang Navigation and Hydropower Complex in flood 
season of each year from agitating and bringing the substrate sludge deposited in front of the 
dam into the lower reaches, thus causing the heavy metals beyond the standards in some 
lower reaches, as well as to improve the safety of drinking water in Hengnan County, the Air 
Defense and Chejiang Town, Hunan Xiangjiang Navigation Construction & Development 
Corporation Ltd. plans to invest RMB 38,546,600 Yuan in the implementation of the new water 
source project of Hengnan County, which will get water from the place nearby Dukou Village, 
Yunji Town, Hengnan County at the end of Baiyutan Reservoir of Leishui River, and then make 
the water conveyed to Hengnan County No.1 Water Plant, Chejiang Town Water Plant and 



 

Water Plant of Air Defense Brigade.  
In accordance with the Law of the People’s Republic of China on Environmental Impact 
Assessment and the Regulations on the Administration of Construction Project Environmental 
Protection (the Decree No.253 of the State Council of the People’s Republic of China), Hunan 
Xiangjiang Navigation Construction & Development Corporation Ltd. entrusts Hengyang 
Institute of Environment Science with the preparation of the Construction Project Environmental 
Impact Report for the New Water Source Project of Hengyang County, and the EIA research 
team of the project prepares this environmental impact report on the basis of the 
reconnaissance trip, similar surveys and data collection. 

1.2 Purposes of the Evaluation 

(1) To understand the emission characteristics of the project pollutants through the project 
analysis thus providing basic information for the prediction of the environmental impacts 
and the countermeasures for pollution prevention and control. 

(2) To know the natural environment, social environment and pollution in the evaluated areas 
through the surveys on the environmental quality status quo and the regional pollutant 
sources. 

(3) To select an appropriate forecasting model to predict and evaluate the extent and scope of 
the potential influences of the pollutant emission by the proposed works on the receiving 
environment in the process of its construction and operation, and to put forward the 
corresponding pollution prevention measures. 

(4) To provide basis for the project’s environmental protection facilities design and the 
decision-making by the environmental management sector. 

1.3 Preparation Basis 

1.3.1 Laws and Regulations 
(1) Environmental Protection Law of the People’s Republic of China, December 26, 1989; 
(2) Law of the People’s Republic of China on Environmental Impact Assessment, September 

1, 2003; 
(3) Law of the People's Republic of China on the Prevention and Control of Water Pollution, as 

revised on June HJ2.2-2008; 
(4) Law of the People’s Republic of China on the Prevention and Control of Atmospheric 

Pollution, as revised on April 29, 2000; 
(5) Law of the People’s Republic of China on the Prevention and Control of Environmental 

Noise Pollution, March 1, 1997; 
(6) Law of the People's Republic of China on the Prevention and Control of Environmental 

Pollution Caused by Solid Waste, April 2005; 
(7) Forest Law of the People’s Republic of China, April 29, 1998; 
(8) Fisheries Law of the People's Republic of China, October 1, 2000; 
(9) Water Law of the People’s Republic of China, October 1, 2002; 
(10) The Law of Land Administration of the People’s Republic of China, January 1, 1999; 
(11) Law of the People’s Republic of China on Water and Soil Conservation, June 29, 1991; 
(12) Regulations on the Administration of Construction Project Environmental Protection, the 



 

Decree No.253 of the State Council of the People’s Republic of China in 1998;  
(13) National Program for Eco-environmental Protection, January 1999; 
(14) National Compendium on Eco-environmental Protection, December 22, 2000; 
(15) Directory on the Classified Management of Construction Project Environmental Protection, 

October 1, 2008; 
(16) Interim Procedures on the Public Participation in Environmental Impact Assessment, 

March 18, 2006; 
(17) “Decision of the State Council on Implementing the Scientific Concept of Development and 

Stepping up Environmental Protection”, No.39 [2005] of the State Council, December 3, 
2005; 

(18) Guiding Catalogue of Industrial Structure Regulation (2001 Version); 
(19) Technical Regulation on Water and Soil Conservation Plan of Development and 

Construction Projects (SL204-98); 
(20) Regulations on Management of Construction Project Environmental Protection in Hunan 

Province; 
(21) Functional Zoning of Surface Water Environment of Main Water Systems in Hunan 

Province DB43/023-2005 (Hunan Provincial Environmental Protection Department); 
(22) Ordinance on Environmental Protection of Hunan Province (Revised on June 4, 1997); 
(23) Ordinance on the Prevention and Control of Water Pollution of Xiangjiang River Valley in 

Hunan Province, as revised on March 29, 2002;  
(24) Administrative Regulations on Pollution Prevention and Control in the Conservancy Zone 

of Drinking Raw Water Sources, Decree No.16 of the Ministry of Environmental Protection; 
(25) Guide for Environmental Protection of Centralized Drinking Water Resources (Trial). 
1.3.2Technical Guidelines for Environmental Impact Assessment 
(1) Technical Guidelines for Environmental Impact Assessment – General Programme 

HJ2.1-2011; 
(2) Technical Guidelines for Environmental Impact Assessment –atmospheric environment 

HJ2.1-2011; 
(3) Technical Guidelines for Environmental Impact Assessment – Water Environment 

HJ/T2.3-93; 
(4) Technical Guidelines for Environmental Impact Assessment – Acoustic Environment 

HJ2.4-2009; 
(5) Technical Guidelines for Environmental Impact Assessment – Ecological Impact 

HJ19-2011; 
(6) Technical Guidelines for Environmental Risk Assessment on Projects HJ/T169-2004; 
(7) Technical Guidelines for Environmental Impact Assessment – Groundwater Environment 

HJ610-2011; 
(8) Technical Guidelines for Delineating Source Water Protection Areas HJ/T338-2007;  
(9) Technical Requirement for Source Water Protection Area Signs HJ/T433-2008; 
1.3.3 Other Materials 
(1) Feasibility Study Report of Hengnan New Water Source Project in Hengyang City, Hunan 

Province, issued by Hunan Hydro & Power Design Institute in March 2012; 
(2) Other materials provided by the project owner; 
(3) Letter of Authorization for the project; 



 

(4) The letter regarding the newly increased new water source protection zone in Hengnan 
County of Hengyang City, Xiang Huan Han [2012] No.88. 

1.4 Screening of Evaluation Factors 

1.4.1 Identification of Environmental Influencing Factors  
We identify the environmental influencing factors of this project in the light of the project 
features and the local environmental characteristics, as well as the nature of the project’s 
environmental influencing factors and the degree of the influence, and the results of our 
identification are detailed in Table 1-1 below. It can be seen from Table 1-1 that: 
(1) short-term adverse effects will be produced on the quality of the atmospheric environment, 

water environment, ecological environment and acoustic environment along the pipelines 
and in the area where the pump station is located during the project construction; 

(2) the noise will have some influence on the quality of the acoustic environment of the area 
where the pump station is located during the operation of this project; and 

(3) comparatively speaking, the construction period of this project will have greater influence 
on the environment than in its operation period. 

Table 1-1  Identification of Environmental Influencing Factors of the Project 

Project 
Composition 

 
 
 
Environmental 
Quality 

Construction Period Operation Period 

Remarks
Material 

Transport 
Pump Station 
Construction 

Pipeline 
Construc

tion 

Wastewater 
Discharge 

Exhaust 
Emission Noise Solid 

Waste 

Air quality ▲ ▲ ▲      

Surface water 
quality  ▲ ▲      

Acoustic 
environment ▲ ▲ ▲   �   

Vegetation 
ecology  ▲ ▲      

Natural landscape  ▲ ▲      

Notes: �/▲ means long-term adverse effect/ short-term adverse effect; while blank space means the influence 
is not obvious or there is no impact 

1.4.2 Evaluation Factors 
We have screened out the main pollution factors during the construction period and the 
operation period of the project in the light of the results of the analysis in respect of the major 
environmental pollution problems for the project, these factors are detailed as follows: 
(1) Construction Period 

� The atmospheric pollution factors mainly include fugitive dust (TSP), exhaust 
emissions (NOX, CO, THC, etc.) produced by construction machinery and transport 
vehicles; 

� The main pollution factors in water environment include petroleum, SS, COD, etc.; 



 

� Noise pollution mainly includes the noise produced by all types of construction 
equipments, as well as traffic noise; 

� Solid wastes mainly include the construction spoil and the domestic garbage 
produced by builders; 

� As to the ecological pollution factors, we mainly take into account the water loss and 
Soil and Water Loss as well as the quantities and types of destructed vegetation. 

(2) Operation Period 
During the operation period of this project, there is no waste water, exhaust gas or solid waste, 
and the noise source mainly includes the noise produced by the submersible water supply 
pumps and other equipments in the pump station. 

1.5 Criteria for Evaluation  

The evaluation will implement the following criteria: 
1.5.1 Ambient Air Quality Standard and the Emission Standard of Air Pollutants 
(1) Ambient Air Quality Standard 
TSP, SO2, and NO2 shall be subject to the Ambient Air Quality Standard （GB3095-1996）and 
the secondary standards in its modification notice. The standard values are shown in Table 1-2. 

Table 1-2 Ambient Air Quality Evaluation Standard Values 

Name of Pollutant 
Concentration Limit（mg/Nm3） Remarks 

Selecting Time Secondary Standard 

 
GB3095-1996 and 

the secondary 
standards in its 

modification notice 

TSP Daily Average 0.30 mg/Nm3 

SO2 
Daily Average 0.15 mg/Nm3 

Hourly Average 0.50mg/Nm3 

NO2 
Daily Average 0.12mg/Nm3 

Hourly Average 0.24mg/Nm3 

 
(2) Emission Standard of Air Pollutants 
The exhaust emission during the construction period shall be subject to the secondary 
standards in Table 2 of the Integrated Emission Standard of Air Pollutants （GB16297-1996）, 
while as to the standards for control of the major pollutant construction fugitive dust, subject to 
the concentration limits of unorganized emission monitoring point, for details, please see Table 
1-3. 

Table 1-3  Exhaust Emission Standard（GB16297-1996）During Construction Period 

Item Concentration Limit of Unorganized Emission Monitoring Point
（Max. Concentration Point Outside the Perimeter）mg/m3 

Particulate matter 1.0 

 
1.5.2 Water Environment Quality Standards and Wastewater Discharge Standards 
(1) Water Environment Quality Standards 
Surface water: The water quality of Xiangjiang River and Leishui shall be subject to the Class II 



 

and Class III of the Environmental Quality Standard of Surface Water (GB3838-2002). 
Groundwater: Subject to the Class III of the Environmental Quality Standards for Groundwater 
(GB/T14848-1993). 
(2) Wastewater Discharge Standards 
There is no wastewater discharge during the operation period of the project, the construction 
wastewater is relatively scattered and is accordingly difficult to be collected for timely treatment 
and reuse, so there may be a small part of construction wastewater discharged into the 
agricultural irrigation ditches along the pipelines or the municipal sewage pipe network. For this 
reason, the Grade III standards in Table 4 of the Integrated Wastewater Discharge Standard 
(GB8978-96) will be implemented. 
1.5.3 Solid Wastes 
Be subject to the Standards for Pollution Control on the Storage and Disposal Site for General 
Industrial Solid Wastes (GB18599-2001). 
1.5.4 Acoustic Environment 
(1) Standards for Acoustic Environmental Quality 
Subject to the Class 2 and Class 4a standards in the Standards for Acoustic Environmental Quality 
(GB3096-2008), as shown in Table 1-4. 

Table 1-4  Criteria for Ambient Noise Evaluation  （LAeq：dB） 

Category Daytime Nighttime Applicable Area 

GB3096-2008  Class 2 60 50 Mixed residential and commercial 
districts 

GB3096-2008  Class 4a 75 55 Both sides of the arterial traffic 

 
(2) Noise Emission Standards: 

① Subject to the corresponding emission limits in the Noise Limits for Construction Site 
(GB12523-90) during the construction period, as shown in Table 1-5.   

Table 1-5 Noise Limits for Construction Site  Leq[dB(A)] 

Construction 
Phase Main Noise Source 

Noise Limits 

Daytime Nighttime 

Earthwork Bulldozers, excavators, loaders, etc. 75 55 

Piling A variety of piling machines 85 Prohibit 
construction 

Structure Vibrating rods, electric sews, etc. 70 55 

Decoration Cranes, lifters, etc. 65 55 

 
② During the operation period, the pump station shall implement the corresponding 

standard limits in the Emission Standard for Industrial Enterprises Noise at Boundary 
(GB12348-2008), as shown in Table 1-6. 



 

Table 1-6  Emission Standard for Industrial Enterprises Noise At Boundary  Leq[dB(A)] 

Category  Daytime Nighttime Applicable Area 

2 60 55 Rural residence 

 
1.5.5 Soil Environment 
Be subject to the secondary standards of the Environmental Quality Standard for Soils 
(GB15618-1995). 

1.6 Evaluation Level and Evaluation and Key Points of Evaluation 

1.6.1 Evaluation Level 
1.6.1.1 Water Environment Evaluation Level 
There is no wastewater efflux during the operation period of the project, and the complexity of 
the construction wastewater quality is simple, the industrial wastewater produced during the 
construction period is taken back as much as possible after the sedimentation treatment and 
reused for sand and gravel aggregate processing, concrete batching, peripheral region 
landscaping and road dust suppression, and the domestic sewage produced by builders is 
used for road dust suppression after sedimentation. In accordance with the provisions of the 
Technical Guidelines for Environmental Impact Assessment – Surface Water Environment
（HJ/T2.3-93）, we make general comments on the environmental impact assessment for 
surface water of the project.   
1.6.1.2 Ambient Air Evaluation Level 
The exhaust gases produced during the construction of this project mainly include the 
construction fugitive dust and vehicle exhaust. The major pollutants are THC, CO, NOX, fugitive 
dust and so on. The emissions are featured by many emission points, short emission time and 
low emission, therefore, we only make a general analysis in respect of the atmospheric 
environmental quality evaluation of this project in accordance with the provisions of the 
Technical Guidelines for Environmental Impact Assessment – Atmospheric Environment 
(HJ2.2-2008). 
1.6.1.3 Acoustic Environment Evaluation Level 
Pursuant to the provisions of Technical Guidelines for Environmental Impact Assessment – 
Acoustic Environment (HJ2.4～2009) in respect of evaluation level, the noise is mainly 
produced during the construction period of the project, and less noise is produced by the pump 
station during the operation period after taking the noise abatement measures, plus less 
sensitive points within 100 meters of the periphery of the pump station, the acoustic 
environment evaluation level of the project is rated as Grade III. 
1.6.1.4 Ecological Environment Evaluation Level 
The ecological sensitivity of the project’s influence area belongs to a general area, the total 
length of the project pipelines is 20.555Km, covering an area of less than 2Km2, accordingly the 
ecological environmental impact assessment is rated as Grade III in the light of the provisions 
of Technical Guidelines for Environmental Impact Assessment – Ecological Impact 
(HJ19-2011).  



 

1.6.2 Key Points of Assessment 
According to the project’s construction features and the environmental characteristics of the 
region where the project is located, as well as the identification and screening results the 
environmental influencing factors, we determine the key points of this evaluation as follows:  
(1) Project analysis; 
(2) Feasibility analysis of the environmental protection measures;  
(3) The influence of construction period of the project on the ecological environment. 

1.7 Scope of Evaluation 

According to the provisions of the Technical Guidelines for Environmental Impact Assessment, 
the project’s environmental impact and the proposed evaluation level, the scopes of the 
environmental impact assessment of the project are as follows: 
(1) Ecological impact assessment: In accordance with the requirements in respect of how to 

determine the scope of evaluation as stated in the Technical Guidelines for Environmental 
Impact Assessment – Ecological Impact (HJ19-2011), the scope is determined to be 300m 
within both sides of the pipelines and the total length of the pipelines is 20.555Km. 

(2) Atmospheric environmental impact assessment: The scope is centered on the construction 
work areas with an extension of 500m along the dominant wind direction. 

(3) Water environmental impact assessment: The scope is from 300m at the lower reach of 
Leishui intake of the project to 5000m of the upper reach of Leishui River.  

(4) Acoustic environmental impact assessment: The scope is within 200m outside the 
boundary of pipeline construction areas and the pump station site. 

1.8 Objects of Environmental Protection 

Based on the investigation and field survey, there are no cultural relics, places of interests, 
scenic areas and nature reserves within the project area, and the sensitive points mainly 
include the areas nearby the pump station site and the residential areas, farmlands and crops 
on both sides of the water-transmission line , the main sensitive points are shown in Table 1-7 
and their specific distribution is detailed in the accompanying Figure 3. 

Table 1-7 Objects of Environmental Protection 

Type Protected Object Position, Distance, Scale Level of 
Protection 

Ambient air 

Settlements of Dukou 
Village 

80m to the southeast of pump 
station site, about 20 people 

GB3095-1996 
Grade II 

100m-200m to the southwest of 
pump station site, about 80 people 

Settlements of 
Maotang Village 

About 300 people within 500m 
from both sides of pipelines 

Settlements of Heshi 
Village 

About 800 people within 500m 
from both sides of pipelines 

Settlements of Yunji 
Town 

About 3500 people within 500m 
from both sides of pipelines 



 

Type Protected Object Position, Distance, Scale Level of 
Protection 

Settlements of 
Jiahetang 

About 100 people within 500m 
from both sides of pipelines 

Settlements of 
Liuhewan 

About 80 people within 500m from 
both sides of pipelines 

Settlements of 
Yangshuiping 

About 200 people within 500m 
from both sides of pipelines 

Settlements of 
Chejiang Town 

About 2000 people within 500m 
from both sides of pipelines 

Surface water 

Leishui 

From 1000m of upper reach at 
proposed intake to 100m of lower 

reach 

GB3838-2002 
Class II 

From 2000m of upper reach at 
proposed intake to 1000m of 

upper reach, from 100m of lower 
reach to 300m of lower reach 

GB3838-2002 
Class � 

Xiangjiang River 

From 1000m of upper reach at 
intake of Hengnan County Water 

Plant to 100m of lower reach 

GB3838-2002 
Class II 

From 100m of lower reach at 
intake of Hengnan County Water 

Plant to 1000m of lower reach 

GB3838-2002 
Class � 

Groundwater Drinking water wells Nearby water-transmission line GB/T14848－
93  Class � 

Noise 

Settlements of Dukou Village within a range of 200m from 
the pump station site 

Class 2 in 
GB3096-2008 

Settlements of 
villages and towns 
within 200m from 

both sides of 
pipelines 

Within 30m from both sides of 
S316, G107, Yunji Avenue, S214 

Class 4a in 
GB3096-2008 

Others Class 2 in 
GB3096-2008 

Ecological 
environment 

To protect the farmlands and crops, guarantee no reduction in the species 
and quantities of plants and animals within the scope of evaluation, and 

prevent Soil and Water Loss 



 

2. Project Overview 

2.1 Status Quo of Water Supply Project in Hengnan County 

Based on the field survey, there are three waterworks getting water from Xiangjiang River at pr
esent within Hengnan County in the lower reach of Tugutang Navigation and Hydropower Com
plex, they are Hengnan County No.1 Water Plant, Chejiang Town Water Plant and Water Plant 
of Air Defense Brigade, as shown in Table 2-1. 

Table 2-1 List of Sensitive Objects for Environmental Protection in Tugutang Navigation 
and Hydropower Complex 

Sensitive Object for 
Environmental 

Protection 

Positional 
Relationship 
with Project 

Size and 
Characteristics 

Main 
source of 
influence 

Potential 
Impact 

Drinking 
water 
source 

conservan
cy below 
the dam 

Hengnan 
County 
Water 
Plant 

Intake is 
located at 

4km from the 
dam, on the 
right bank 

11,000t/d, shoreside 
separated building 
intake structure, 

pile-based frame type 
intake, intake 

elevation is 47.8m 

Wastewater 
discharge, 
agitation of 
substrate 
sludge by 

construction 
thus 

causing 
suspended 
silt during 

the 
construction 

period; 
dispatching 
operation of 

reservoir 
during 

operation 
period 

Construction 
leads to 

deterioration 
of local 

water quality 
and 

produces 
adverse 

effects on 
the water for 

life in the 
lower 

reaches; 
guarantee of 

water 
quantity in 
dry season 

during 
operation 

period 

Intake of 
Air 

Defense 
Brigade 

Intake is 
located at 

9.6km from 
the dam, on 
the left bank 

200t/d, shoreside 
combined building 

pile-based frame type 
intake, intake 

elevation is 48.2m 

Chejiang 
Town 
Water 
Plant 

Intake is 
located at 
12km from 

the dam, on 
the left bank 

900t/d，shoreside 
combined building 

pile-based frame type 
intake, intake 

elevation is 45.5m 

 
1. Hengnan County No.1 Water Plant 
Xiangjiang River is the source of water supply of Hengnan County No.1 Water Plant, which is 
located on the right bank of Xiangjiang River, its designed size is of 40,000 m³/d, its as-built 
size is of 20,000 m³/d, and now its actual water supply capacity is about 6,000 m³/d. 
The water purification process of Hengnan County No.1 Water Plant is shown as follows: 



 

 

Fig.2-1  Process Flow Chart of Hengnan County No.1 Water Plant 
 
The intake is located at 4km below the dam site of Tugutang Navigation and Hydropower 
Complex, now its water intake scale is 11,000 m³/d, the form of water intake is shoreside 
separated building intake pump house, and its intake elevation is 47.80m. 
The waterworks site is located on the right bank of Xiangjiang River to the south of Provincial 
Highway No.316, its ground elevation is 81.21m～85.27m, the waterworks covers an area of 
approximately 33.63mu, its water purification structure is on the southernmost side of the 
waterworks with the layout in the shape of “one (Chinese character)”, the surface elevation of 
the inlet of grid flocculation reaction tank is 88.00m. 
For the planned city water supply system layout, we adopt a unified water supply system, and 
the planned near-term pipe network combines the loop-shaped and dendritic networks, while 
the long-dated pipe network will be all connected into a loop, and with the development of the 
county, the urban water supply system will be gradually improved.     
The planning water supply pipelines are laid out along the existing roads or planned roads, and 
the water supply trunk pipe is laid out on the southeast side of the primary and secondary roads 
of the city.  
2. Water Plant of Air Defense Brigade 
Xiangjiang River is the source of water supply of Water Plant of Air Defense Brigade, which is 
located on the left bank of Xiangjiang River. The designed size of the waterworks is 200 m³/d, 
its intake is located at 9.6km below the dam site of Tugutang Navigation and Hydropower 
Complex, its current water intake scale is 200 m³/d, the form of water intake is shoreside 
combined building intake pump house and its intake elevation is 48.20m. 
The waterworks site is located on the left bank of Xiangjiang River on the northeast side of the 
Provincial Highway No. 316, and its ground elevation is 76.80m or so. 
3. Chejiang Town Water Plant 
Xiangjiang River is the source of water supply of Chejiang Town Water Plant, which is located 
on the left bank of Xiangjiang River. The designed size of this waterworks is 900m³/d, its intake 
is located at 12km below the dam site of Tugutang Navigation and Hydropower Complex, its 
current water intake scale is 900m³/d, the form of water intake is shoreside combined building 
pile-based frame type intake and its intake elevation is 45.5m 
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The waterworks site is located on the left bank of Xiangjiang River on the north side of Chejiang 
Town, and its ground elevation is 63.0m or so. The maximum surface elevation of the suction 
sump is 68.0m. 

2.2 Water Supply Planning of Hengnan County 

According to the plan, the population of the county in 2020 will reach 170 thousand, and the 
daily service discharge will be up to 70,000t, in order to guarantee the security of water supply, 
we plan to expand the Phase-II project of Hengnan No.1 Water Plant in the near future, so that 
the daily water supply capacity is increased by 20,000t/d and the near-term capacity will be up 
to 40,000t/d, in addition, we plans to build Hengnan No.2 Water Plant in the future, the water 
supply capacity of which will be 100,000t/d. 

2.3 Existing Problems 

The county is mainly dependent on Xiangjiang River for water supply. The water resource in 
Hengnan section is quite abundant, but when the water source of Xiangjiang River is 
contaminated, water supply security will be endangered, which means that when water 
contamination or sudden water pollution accidents occur in main stream of Xiangjiang River at 
the upper reaches of Hengnan County, water supply security will not be guaranteed.  
Meanwhile, after the Tugutang Navigation & Hydropower Complex is completed and put into 
operation, according to comments in ELA Report, when the sluice are opened for the first time 
in wet season every year, if incoming flow is large enough (Q≥6931m3/s) to stir the sediment 
deposited in front of dam and bring it to down streams, water quality of lower sections will be 
negatively influenced. Calculations suggest that under the contamination condition in 2010, 
after the floodgates are opened, the transport and transformation of the model section between 
Tugutang dam site and Hengyang City will achieve equilibrium within 14 to 15 hours. 
Equilibrium concentration of Cd, Pb and As are all up to water standard II. Cd is over maximum 
concentration standard at Hengnan water plant, water intake of troops, Chengjiang water plant 
and the maximal excess multiple is respectively 0.41, 0.35 and 0.30; Pb is over maximum 
concentration standard at Hengnan water plant, water intake of troops, Chengjiang water plant 
and the maximal excess multiple is respectively 0.93, 0.79 and 0.66; Cd is over maximum 
concentration standard at Hengnan water plant, water intake of troops, Chengjiang water plant 
and the maximal excess multiple is respectively 0.64, 0.56 and 0.50. 

2.4 Task of the Project, Service Range and Objects 

From the foregoing, during the construction of Tugutang Navigation & Hydropower Complex 
and the flood-releasing after completion, the quality of water source in Xiangjiang River is 
negatively influenced. Index of Cd, Pb and As is below standards and there are potential 
security risks in water quality. Thus, the task of this project is to develop a new water resource 
and divert the water to Hengnan County, air defense brigade troops and Chejiang County when 
water in Xiangjiang River is below standards, so as to solve the problem of single water supply 
source in Hengnan County and its surrounding areas, avoid sudden heavy metal pollution 
which is probably happen in main stream of Xiangjiang River, prevent excessive heavy metal in 



 

some sections of lower reaches caused by the sediment which is deposited in front of dam at 
first and being stirred and brought to down streams when the floodgates of Tugutang 
navigation-power junction are opened for the first time in wet season every year and enhance 
the drinking water safety in Hengnan County, air defense brigade troops and Chejiang County. 

The service region of New Water Source Project of Hengnan County is the region where water from 
Xiangjiang River is used as drink water source within Hengnan County, air defense brigade troops 
and Chejiang County. The service objects are household water-consumption, industrial and 
enterprise water consumption and public water consumption in these regions. 

2.5 Water source of the project 

The project selects Leishui River Baiyutan Reservoir as water source and plans to build a water 
intake 30 meters from the left bank. The other side of the river has Chashi County intake. The 
longitudinal distance between two water intakes is 50 meters and lateral distance is about 330 
meters. The water source of the project is an alternate water source for Hengnan County, air 
defense brigade troops and Chejiang County where water from Xiangjiang River is used as 
drink water source. 

2.6 Site selection for Pump Station of the Project (Water Source Point) 

Pump station of the project is considered to be set in Yunji Town, Hengnan County on the south 
bank of main stream of Leishui River. There are two recommended sites, namely the area near 
Dukou Village in Hengnan County (1# water source point) and Yangjiaping Village in Hengnan 
County (2# water source point). Based on selection of arrangement via topographic map and 
site survey, combined with the selecting principle for water intake point, the water source point 
(pump station) is positioned at 1# water source point which is near Dukou Village in Hengnan 
County on the south bank of Leishui River. It is about 8,000m west to Hengnan County Town, 
3,500m west to G107 National Road, 500m down to S316 Provincial Road and Leishui Bridge. 
The downstream is 23,000m from Baiyutan Power Station (Dam), 38,000m from Leishui River 
estuary and the catchment area up the intake is 11,008 km2. For more details, please refer to 
attached drawing 1.  

2.7 Pipeline Plan of the Project 

According to selection of arrangement via 1/10000 topographic map and site survey, after 
pipeline is connected to 1# water source point, it can smoothly run along existing country road, 
county road and state road to Hengnan water plant, air defense brigade troops and Chejiang 
water plant. The total length of pipeline is 20,555 meters, among which 7,180 meters from the 
water source point to Hengnan water plant, 11,120 meters (including 755 meters of 
river-crossing pipeline) from Hengnan water plant to Chejiang water plant and 1,500 meters to 
air defense brigade troops. For more details, please refer to attached drawing 2-2. The specific 
line is: 



 

 

Water intake → Dukou Village → 316 Provincial Road → Heshi Village →107 National Road → The existing 
railway bridge opening near Zhongjiantang →Yunji Avenue → Hengnan water plant 

 

River-crossing bridge in Hengnan County → Yunji Avenue →air defense brigade troop water plant 

214 Provincial Road → Chejiang water plant 

2.8 Design Scale and Parameters of the project 

Design scale of the New Water Source project of Hengnan County is 70,000 m3/d. Basic design 
parameters are as follows: 
Design standard of flood control: it is consistent with city flood control standard, which is for 
once-in-fifty-year flood and once-in-hundred-year flood checking.  
Design flood level: 64.22m (once-in-fifty-year flood level) 
Checking flood level: 64.61m (once-in-hundred-year flood level) 
Normal water level: 55.56m 
Design low water level: 54.56m 
Control elevation of delivery pipe: 97.00m 

2.9 Intake Pump House Design 

Submersible intake pump house is adopted in this project and its box type prismatic intake 
head can reduce the intake of sediment.  
Design flow rate of pump station: 0.891m³/s 
Design lift: 55.49 m 
Intake: 3208 m3/h 
Water pressure out of the station: 0.56Mpa 
Water diversion mode of water pump: Self-filling type 

2.10 Water Pump Type and Equipments  

Considering that current water consumption scale of Hengnan County is small and it can reach 
the design scale of the engineering only following progressive development of Hengnan County, 
more pumping sets can be considered properly and 4 sets are provided temporarily at this 
stage. The model is 400QWG1080-60-280 and model selection of main equipments is stated in 
the table 2-2 in detail.  
Parameters of water pump are as follows:  
Set number: 4 sets in total, 3 for operation and 1 for standby; 
Flow: Q=1080m³/h 
Pumping head: H=60m 
Power: N=280Kw 



 

Table 2-2  Model Selection of Main Equipment 

No. Name Model and Specification Number Unit Remarks 

1 Submersible Water Supply 
Pump 

QWG1080-60-280 
N=280KW 

4 Set 
3 for operation 

and 1 for 
standby 

2 Steel Tube D1020×10 50 m  

3 Steel Tube D720×10 30 m  

4 Steel Tube D480×10 42 m  

5 Steel Elbow DN1000×30° 2 Piece  

6 Steel Elbow DN700×30° 4 Piece  

7 Steel Elbow DN450×90° 4 Piece  

8 Reducing Bend 90° DN450×1000 2 Piece  

9 Concentric Reducer DN450×400 4 Piece  

10 Steel Tee DN100×1000 1 Piece  

11 Steel Tee DN450×1000 2 Piece  

12 Electric Hoist MD1-3-24D 2 Set Hoisting 4t 
and 2t 

13 Exhaust Valve DN150 1 Piece  

14 Multifunctional Pump 
Control Valve DN450 4 Piece  

15 Flange Butterfly Valve DN450 4 Piece  

16 Long-handle Butterfly 
Valve DN700 2 Piece  

17 Expansion Joint DN450 4 Piece  

18 Waterproof Sleeve DN1000 1 Piece  

19 Waterproof Sleeve DN700 4 Piece  

20 Waterproof Sleeve DN450 4 Piece  

21 Steel Crawling Ladder  1 Suite  

2.11 Fire Control  

According to “Code of Design for Building Fire Extinguisher” GB50140-2005, extinguisher allocation 
level of the pump station is designed based on light danger level and two MF/ABC3 portale fire 
extinguishers are designed for the distribution room.  

2.12 Water Delivery Tubular Products  

The total length of water-transmission line is 20555m, wherein the water-transmission from the 
water source point to Hengnan water supply plant is 7180 in length and PCCP pipe of DN1000; 
the water-transmission line from Hengnan water supply plant to the joint of distributive pipe is 



 

7115m in length and PE water supply pipe of DN500 (including 755m of DN500 river-crossing 
steel tube). The water-transmission from the joint to the air defense army is 1500m in length 
and is PE water supply pipe of DN300. The water-transmission line from the joint to Chejiang 
Town is 4760m in length and is PE water supply pipe of DN400.  
Butt joints among the water-transmission line of the engineering, current Hengnan County, air 
defense army and Chejiang town water supply plant are controlled by valves. When 
implementing butt joint, the water source reservoir of the plant should be firstly filled in advance 
and the rush time for water consumption shall be avoided, for example, fill at night and so on.  

2.13 Construction Form of Engineering Pipe  

Pipeline of the engineering completely are laid in the manner of channel burying. The pipelines 
crossing farmlands and along roads are laid in the manner of heavy excavation:  
DN1000 pipeline: the laying construction zone crossing farmlands is about 13m in width; the 
excavated pipe ditch is 4m in width; the with of ditch bottom is 2m and the depth of ditch is 
about 2m; the laying construction zone along roads is 10m in width approximately; the 
excavated pipe ditch is 4m in width; and the with of ditch bottom is 2m and the depth of ditch is 
about 2m.  
DN500, DN400 and DN300 pipelines: the laying construction zone crossing farmlands is 10m 
approximately; the excavated pipe ditch is 3m in width; the with of ditch bottom is 1.5m and the 
depth of ditch is about 1.5m; the laying construction zone along roads is 7m in width 
approximately; the excavated pipe ditch is 3m in width; and the with of ditch bottom is 1.5m and 
the depth of ditch is about 1.5m. 
The pipelines crossing 107 national road are laid in the manner of pipe-jacking with steel 
sleeves. The engineering distributes pipelines crossing railroads depending on current bridge 
opening of railroad and adopts DN500 steel tubes to span Xiang River along Yunji Bridge.  

Please see the table 2-3 for various section construction manners of the engineering.  

Table 2-3  List for Various Section Construction Manners of Engineering 

No. Construction Section Length (m) Tubular Product 
and Pipe Diameter 

Construction 
Manner 

1 Water Intake → Dukou Village 98.57 DN1000 PCCP Pipe Heavy Excavation

2 Dukou Village → Provincial 
Road 316 648.47 DN1000 PCCP Pipe Heavy Excavation

3 Provincial Road 316 → Heshi 
Village 2864 DN1000 PCCP Pipe Heavy Excavation

4 Heshi Village →Provincial 
Road 107 1476 DN1000 PCCP Pipe Heavy Excavation

5 Passing through national road 
107 near Zhongjiantang 68.26 DN1000 PCCP Pipe Pipe-jacking 

Construction 

6 Passing through Jingguang 
railway 104.74 DN1000 PCCP Pipe Pipe-jacking 

Construction 

7 Yunji Avenue → Hengnan 
Water Supply Plant 1785 DN1000 PCCP Pipe Heavy Excavation



 

No. Construction Section Length (m) Tubular Product 
and Pipe Diameter 

Construction 
Manner 

8 River-crossing River in 
Hengnan County 752 DN500 Steel Tube Hanging pipe to 

cross bridge 

9 
River-crossing River in 

Hengnan County →Yunji 
Avenue 

6229 DN500 PE Water 
Supply Pipe Heavy Excavation

10 Yunji Avenue → Air Defense 
Army Water Supply Plant 1201 DN500 PE Water 

Supply Pipe Heavy Excavation

11 Yunji Avenue → provincial road 
214 3973 DN500 PE Water 

Supply Pipe Heavy Excavation

12 Provincial road 214 → 
Chejiang Water Supply Plant 505 DN500 PE Water 

Supply Pipe Heavy Excavation

2.14 Power Supply  

According to the materials provided by power plant: load of pump station is level II; a special 
10kV line is obtained from electric supply; section of incoming wire is LGJ-70; section of 
incoming cable is ZR-YJV22-3x70; power supply voltage class of the whole station is 
10/0.4/0.22kV.  
According to the statistic, analysis and calculation for load of the pump at water intake, the total 
calculated load is 855kW and the water intake pump station of new water source project of 
Hengnan County is equipped with one SCB11-1000 /10 dry type transformer. The incoming 
power supplies at 10kV high voltage side all adopt transformer-line unit connection and 
incoming side adopts load fused disconnecting switch and lightning arrester to protect. 0.38kV 
low voltage side adopts single bus connection. Because the service and lighting loads for water 
intake pump station of new water source project of Hengnan County and the load used for the 
station is directly obtained from the power supply of 0.38kV bus, no special transformer is 
provided for the station additionally.  

2.15 Total Investment on Engineering  

Estimated total investment on the engineering is 38546200 RMB, including 8872600 RMB of 
construction cost, 2981700 RMB of installation cost, 20467300 RMB for purchasing equipments, 
3369400 RMB as other engineering costs and. 2855300 RMB OF reserve fun which is calculated 
based on 8% of construction cost and other engineering cost.  
The engineering is the new water source project of Hengnan County and belongs to the 
auxiliary engineering of Tugutang Navigation and Hydropower Complex, so the fund is 
completely collected by Xiangjiang Company.  

2.16 Implementation Schedule of Engineering  

New water source project of Hengnan County is planed to complete and put into service in the 
second half of 2012 officially. The project implementation schedule of engineering is stated as 
the table 2-4:  



 

Table 2-4  Schedule of Project Construction 

No. Project Content 
2012 (year) 

1 2 3 4 5 6 7 8 9 10 11 12

1 Feasibility Study Report and 
Approval             

2 Preliminary Design             

3 Tendering for Supervision             

4 Tendering for Main 
Equipment 

 
 

 
 

         

5 Construction Drawing 
Design             

6 Order for Equipment             

7 Tendering for Construction             

8 
Civil Construction and 
Equipment Installation 

Commissioning 
    

 
       

9 Test-run of Project             
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3. Engineering Analysis 

3.1 Rationality Analysis of Water Demand Scale 

3.1.1 Predication of Water Demand in Hengnan 
3.1.1.1 Rated Prediction of Water Demand 
According to “Design code of outdoor water supply” (GB50013-2006), urban design water 
supply quantity includes: � comprehensive domestic water (including demand in households 
and demands in public buildings), �demands for industrial use, � demand for watering roads 
and greening , � water form network leakage and loss, � unforeseen demand and � fire demand. 
Quotations of various water demands are determined as follows:  
(1) Quotation of comprehensive domestic water 
According to “Design code of outdoor water supply” (GB50013-2006), Hengnan belongs to 
middle-sized and small city in the first partition and the “quotation of comprehensive domestic 
water” is stated as the table 3-1 stipulated by “Design code of outdoor water supply” 
(GB50013-2006). 

Table 3-1 Quotation of Comprehensive Domestic Water 

City Size 
Metropolis Large City Middle-sized and Small 

Cities 

Maximum 
daily output Average day Maximum 

daily output Average day Maximum 
daily output Average day

Zone One 260～410 210～340 240～390 190～310 220～370 170～280 

Zone Two 190～280 150～240 170～260 130～210 150～240 110～170 

Zone Three 170～270 140～230 150～250 120～200 130～230 100～170 

 
In the consideration of current urban situation and planning development situation of Hengnan, 
the maximum daily water demand of comprehensive domestic water for Hengnan residents is 
220L per one every day.  
(2) Determination of water use index for industry  
“Design code of outdoor water supply” stipulates that “water demand for industrial use shall be 
determined based on the requirements of production industry”. Water consumption shall be 
independently calculated for the water user for large-scale industry or economic development 
zone; water consumption for common industry can be determined based on the development 
planning of national economy combining with current material analysis of water consumption 
for industrial use.  
Hengnan county is a new county relocated not long before and water consumption for common 
industry is not listed and counted separately, so actual water use index cannot be determined. 
On the basis that actual production water supply of Liuyang, Liling, Shaoshan, Leiyang, 
Changning, Wugang, Linxiang, Lianyuan and other county-level cities of Hunan in 2008 
occupies 30~40% of domestic water, considering Hengnan county is a new county relocated 
not long before, the design analyzes and determine water consumption for common industry of 
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Hengnan County is 30％ of domestic water quantity in 2020.  
(3) Determination of water use index for watering roads and greening  
According to article 4.0.6 of “Design code of outdoor water supply”, water consumption for 
watering roads can be calculated based on 2.0～3.0L/㎡.d of watering area; water consumption 
for greening can be calculated based on 1.0～3.0 L/㎡.d; the roads for watering are determined 
by combining local climate and soil condition; the square is calculated based on 2.0 L/㎡.d 
(watering twice every day and 1.0 L/㎡ every time); and water consumption for greening is 
2 .0L/㎡.d.  
(4) Determination of water use index for network leakage and loss  
According to article 4.0.7 of “Design code of outdoor water supply”, water consumption from 
urban network leakage and loss can be calculated based on 10～12％ of sum water quantity 
for items 1 to 3 of article 4.01 and the project adopts 10％.  
(5) Determination of unforeseen water use index  
According to article 4.0.8 of “Design code of outdoor water supply” that unforeseen water use 
can be calculated based on 8～12％ of total sum water quantity for items 1 to 4 of article 4.01 
generally based on difficulty degree for foreseen water consumption and the project adopts 
10％ 
(6) Determination of fire demand  
According to “Building design for fire protection”, fire water demand is calculated based on that 
fire times at the same period are twice, water consumption for fighting fire once is 55L/S, the 
extinguishing time lasts 3h and time for supplementing water is 24h.  
Hengnan reviewed and approved “General Plan of Hengnan (2009-2030)” in May, 2011. 
According to 170000 population of the plan in the near future, urban construction land is 17km2, 
index of land use for per capital is 100m2 per one and the planned public green space per 
capital is not less than 5m2 per one.  
The maximum water demand of Hengnan in 2020 is 61800m3/d. Please see the table 3-2 for 
detailed prediction.  

Table 3-2 Result List for Predicting Urban Water Demand of Hengnan  

Unit: Ten thousand m3/d 

Project of Water 
Consumption 

Water Demand in 
2020 Remarks 

Domestic Water 3.74 ① 

Water Demand for 
Industrial Use 1.12 Calculate based on 30% of domestic water in 

2020. 

Water Demand for 
Watering Roads and 

Greening 
0.34 ③ 

Water Demand of 
Network Leakage and 

Loss 
0.52 Calculate based on 10% of the sum of items 

①② and ③ 

Unforeseen Water 
Demand 0.46 Calculated based on 8% of the sum of items 

①②③ and ④ 

Total 6.18 Maximum Daily Water Demand 
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3.1.1.2 Index Method of Urban Water Use  
“Code for Urban Water Supply Engineering Planning” (GB50282-98) in our county stipulates 
that “comprehensive water demand indexes of urban population by unit type” are stated as the 
table 3-3.  

Table 3-3  Comprehensive Water Demand Indexes of Urban Population by Unit (Ten 
Thousand m3／(Ten Thousand People·d)) 

Zone 
City Size 

Megalopolis Large City Middle-sized City Small City 

Zone One 0.8～1.2 0.7～1.1 0.6～1.0 0.4～0.8 

Zone Two 0.6～1.0 0.5～0.8 0.35～0.7 0.3～0.6 

Zone Three 0.5～0.8 0.4～0.7 0.3～0.6 0.25～0.5 

 
Indexes in this table are the maximum daily water consumption index during the planning 
period and involve water quantity of network leakage and loss already.  
By the year of 2020, Hengnan will own 170000 populations based on the urban general plan of 
Hengnan and Hengnan will be a small city based on the index of “Code for Urban Water Supply 
Engineering Planning”. Therefore, the maximum daily water demand of water consumption 
index in 2020 is 68000m3/d for this design calculated based on 4000m3/ten thousand people. 
3.1.1.3 Urban Water Demand of Hengnan  
From the foregoing, the water demand predicted based on the index of  “Code for Urban 
Water Supply Engineering Planning” is 61800m3/d and the water demand predicted based on 
the index of “Design code of outdoor water supply” is 68000m3/d. There is certain difference 
between the two prediction results. In consideration of current urban water supply situation of 
Hengnan, the actual water supply quantity is 6000m3/d approximately and the design plans to 
predict the water demand depending on the based on the index of “Design code of outdoor 
water supply”. So, the urban water demand of Hengnan is  61800m3/d.  
3.1.2 Prediction for Water Demand of Chejiang Town  
Current scale of water supply in Chejiang Town is 900m3/d and the scale of new water supply 
plant in the process of construction for Chejiang is 3000 m3/d according to the water supply 
planning of Chejiang. Designed scale of structure is 160m³/h and the scale of newly built water 
supply plant can reach 3800m³/h when running under full load. By considering water demand 
for the water supply self, the maximum water demand of water supply plant is 4200 m³/h. After 
the new water supply plant is completed, the old water supply plant will be abandoned because 
of aging technology. The scale of new water supply plant is determined based on the 
population in forward 2025, which considered forward development already. Thus, the design 
calculates water demand of Chejiang Towns based on the maximum water demand of newly 
built water supply plant, i.e. 42m3/d.  
3.1.3 Prediction for Water Demand of Air Defense Brigade  
The location of air defense army is a prohibited military zone and it water demand is determined 
based on the water demand correspondence provided by the air defense army. Please see the 
attachment for concrete information. The water demand is 3400m3/d.  
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To sum up, urban water demand of Hengnan is 61800m3/d; water demand of Chejiang Town is 
4200m3/d; water demand of air defense army is 3400m3/d; and the total scale is 69400m3/d. So, 
the design that scale of new water source engineering for Hengnan is 70000m3/d is 
reasonable.  

3.2 Rationality Analysis of Water Source Point 

3.2.1 Overview of Water Source 
1. Surface River Water  
Hengnan County is located at the middle south of Hunan province and the south portion of 
Hengyang, bordered by Hengdong and Anren (belonging to Chenzhou) in the east, sharing 
boundary with Qidong. Its south portion adjoins Changning, Leiyang and it shares a border to 
the north with Hengyang urban. Moreover, Xiang River winds through Hengnan from the south 
to the north. It is at east longitude of 112°16’～112°8’ and northern latitude of 26°32’～26°58’. 
Main branch streams flowing through Hengnan includes Xiang River, Zhengshui-level one 
branch stream of Xiang River and Leishui. At present, major water source of urban water 
supply for Hengyang is Xiang River. Control catchment area of pumping section for Hengnan 
water work is 37298km2, average annual flow is 1030m3/s and average annual runoff is 32.5 
billion m3. 
Zhengshui-level one branch stream of Xiang River originates from Yanechuan of Shaodong 
County, flowing through Setian Bridge, Longkou, Shimenkan, Zhajiang, Xidu and Shenshantou, 
and connects with Xiang River in Caoqiang of Hengyang. Total basin area reaches 3471km2 
and the main stream is 194km in total length. Average gradient of main stream is 0.54‰. 
According to the measured runoff materials of Zhengshui Shenshantou hydrologic station 
(2853km2 of rainfall collection are takes 82.2% of total basin area.) over years, average annual 
flow of the basin is 60.7m3/s and average annual runoff is 1.91 billion m3 via calculating.  
Leishui is one of three branch streams of Xiang River and roots in Yanzhubao of Guidong, 
flowing through Guidong, Rucheng, Zixing, Chenzhou, Guiyang, Yizhang, Yongxing and 
Leiyang to mix with Xiang River in Lei river mouth of Hengyang. Total basin area reaches 
11783km2 and the main stream is 453km in total length. Average gradient of main stream is 
0.77‰. The Dongjiang Reservoir was built at upstream of Leishui and began to store water in 
1986. Rainfall collection area of Dongjiang Reservoir is 4719km2 occupying 40% of the total 
Leishui basin and belonging to carry-over storage reservoir. Completion of the reservoir 
changes the hydrologic characteristics at midstream and downstream of Leishui. According to 
hydrologic measured materials of Dongjiang station and Leiyang station, average annual flow 
of the basin is 315m3/s and average annual runoff is 9.94 billionm3. 
For Dongjiang, main stream of Leishui and below developments in 11 levels, 10 levels have 
been completed presently. Dongjiang is a carry-over storage reservoir; Baiyutan power station 
is a gradient at the most downstream of Leishui main stream and a daily regulation power 
station. The reservoir was built in 1958 initially and completed in 1964. Control catchment area 
of the dam is 11170km2, normal impounded level is 58.0m and regulation storage capacity is 10 
million m3. 
2. Surface Reservoir Water  
In county region of Hengnan, two middle-scale reservoirs were built. One is located in 
Doushanchong at the west of the county and the other one is located at Longxi Bridge at the 
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east of the county. Dongshan Bridge reservoir of Hengnan, a middle-scale reservoir with 20 
million m3 of storage capacity, was established in 1966 and irrigates 52000mu farmlands of 4 
towns and 75 villages, including Zhashi, Liushi, Jinweizou and so on. It can assure absolute 
returns of 40000m farmlands in the irrigation area and has comprehensive benefits of flood 
protection, electricity generation, aquaculture and others. Longxi Bridge reservoir a 
middle-scale reservoir with 42.8 million m3 of storage capacity, was built in 1958 and irrigates 
nearly 80000mu farmlands of 6 towns and villages including Huaqiao, Tiesitang, Hongshan, 
Quanxi, Xiangshi, Tushi and others.  
3. Underground Water  
Yunjin Town is the zone with relative plentiful water in Hengyan basin. Water inflow of single 
well is 5000～10000L/d and buried depth in drought period generally is 14～20m. So, it is the 
ideal underground water source place exploited by middle-scale reservoir.  
3.2.2 Water Source Characteristics and Analysis on New Water Source  
Due to the influence of monsoon circulation, rainfalls of Hengnan mostly focus in spring and 
summer and correspondingly, rivers have flood periods. According to the material analysis 
during 1970～2008 of Tugutang dam, average annual runoff of Xiang River at this stream 
segment presents a discipline as below: runoff from January to May grows increasingly month 
by month, occupying 50.6% of inflow quantity during the whole year, and runoff in May reach 
the maximum value and inflow quantity of May takes 18.4% of the inflow quantity during the 
whole year. The inflow quantity from June to December descends increasingly month by month 
and the inflow quantity of December is the lowest, only occupying 3.1% of the inflow quantity 
during the whole year. 74.8% of inflow quantity for the whole year concentrates in the six 
months from March to August and the inflow quantity of the rest six months only takes 25.2% of 
the inflow quantity for the whole year.   
See the table 3-4 for average annual inflow result per month of every water source. 
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Table 3-4  Statistical Table for Average Annual Inflow Result per Month of Every Source 
Address JanuaryFebruary March April May June July August SeptemberOctoberNovemberDecember Year

Hengnan 
Segment of 
Xiang River 
(Tugutang 

Dam ) 

Flow 
(m3/s) 435 745 1080 1780 2330 1910 1230 923 563 526 476 387 1030

Water 
Yield 

(a hundred 
million ) 

11.7 18.2 28.9 46.1 62.4 49.5 32.9 24.7 14.6 14.1 12.3 10.4 326 

Proportion 
of whole 
year (%) 

3.58 5.58 8.88 14.2 19.2 15.2 10.1 7.59 4.48 4.32 3.79 3.18 100 

Leishui 
Basin (River

Mouth) 

Flow 
(m3/s) 305 377 463 420 437 444 249 268 202 171 163 286 315 

Water 
Yield 

(a hundred 
million ) 

8.17 9.21 12.4 10.9 11.7 11.5 6.67 7.18 5.23 4.59 4.21 7.66 99.4 

Proportion 
of whole 
year (%) 

8.21 9.27 12.47 10.95 11.77 11.57 6.71 7.22 5.26 4.61 4.24 7.70 100 

Zhengshui 
Basin (River

Mouth) 

Flow 
(m3/s) 30.5 43.7 66.3 104 132 121 64.9 44.5 26.5 33.4 36.9 25.1 60.7 

Water 
Yield 

(a hundred 
million ) 

0.82 1.06 1.78 2.69 3.52 3.14 1.74 1.19 0.69 0.89 0.96 0.67 19.1 

Proportion 
of whole 
year (%) 

4.26 5.53 9.28 14.03 18.41 16.40 9.09 6.23 3.59 4.67 5.00 3.52 100 

 
The water qualities of two reservoirs in the county region can meet the raw water standards of 
drinking water and supply 10 to 11.4 million m³ gross water yields to the town every year 
through optimizing schedule, regulating the planting structure in irrigation region and 
implementing water-saving measures of water-saving irrigation technique and others. Longxi 
Bridge reservoir can supply 7500000m³/a and Doushan Bridge reservoir can 
supply3900000m³/a. But both the two reservoirs are 50km above far away from the urban and 
the water supply is insufficient if only depending on one reservoir. Although the water supply by 
combining the two reservoirs can meet recent water demand, the engineering investment and 
water-transmission loss both are large and forward water demand cannot be achieved due to 
the fact that the length sum of water-transmission lines for the two reservoirs exceeds 100km. 
Dam of Tugutang reservoir is at 5km approximately of urban upstream with rich water reservoir 
and it is enough absolutely as the new water source of the county. But, the main target for 
developing new water source is to cope with the pollution of Xiang River water source and 
sudden accidents of water pollution at upstream, while Tugutang reservoir is located at the 
place where water pollution and pollution sudden accidents occur possibly, so the 
consequence for selecting the reservoir as the new water source of the county is obviously out 
of line with the target and is meaningless.  
Comparing underground yield capable of be exploited with 70000t/d daily water supply quantity 
of the planned new water source, underground water yield only can meet the need of domestic 
water. If underground water is selected as water source, and the target for coping with sudden 
accident of water pollution can be achieved by adopting dual water supply manner, but a suite 
of single water supply network system for drinking water needs to be built newly for realizing 
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dual water supply. Apparently, it is not suitable because of huge investment and difficult 
construction.  
3.2.3 Selection of Water Source Point  
Urban area of Hengnan is located at the southeast of Hengyang Basin and Xiang River flows 
through it from the south to the north. Both sides of the river valley are downy mountain land 
and the hills are in perfectly round shape, along with 65～110m of elevation. The urban area is 
seated on Level I benches at two banks of Xiang River. According to the geographical position, 
natural conditions and water distribution situation of Hengnan, 5 water source points are 
provided to select and contrast as following via primary survey and analysis. Basic information 
and characteristic index of each water source proposal are stated as the table 3-5.  

Table 3-5  List for Basic Information and Characteristic Index of  

Each Water Source Proposal  

No. 
Name of 
Water 
Source  

Water 
Quality 

Condition 
(Type) 

Water 
Yield 
 (104 
m3/a) 

Manner of 
Water 
Supply  

Water-Tran
smission 

Distance to 
No.1 Water 

Supply 
Plant of 

Hengnan 
(km) 

Intake 
Pressure 

Pump 
Station 

(kw) 

Planning 
for 

Water 
Distributi

on 
Network  

Actual 
Target 

Situation  

Selected 
Proposal 

I 

Leishui 
River 

Baiyutan 
Reservoir  

�-� 〉3658 Mixed  8 1600 

Adopt 
current 

pipe 
network. 

Planned 
targets are 
completely 
realized.  

√ 

II Tugutang 
Reservoir  Inferior � 〉3658 Mixed  5 1500 Ditto  

Have the 
risk of water 

pollution.  
  

III 
Longxi 
Bridge 

Reservoir  
�-� 750 

Dual 
Water 
Supply  

50 55 

Special 
pipe 

network 
for 

drinking 
water is 
newly 
built.  

Part targets 
are realized.   

IV 
Doushanc

ong 
Reservoir  

�-� 390 
Dual 

Water 
Supply 

51 65 Ditto Ditto   

V 
Undergro

und 
Water  

� 109.5 
Dual 

Water 
Supply 

Locally   26 Ditto Ditto   

Note: Available water quantity of 36580000m3/a refers to the average water demand in 2020 of Hengnan County.  

 
According to the table 3-5, it can be seen that proposal I, i.e. the water source condition of 
Leishui Baiyutan reservoir is the best because water quantity can be guaranteed firstly, the 
water quality is in accordance with the standard requirements secondly and the planned targets 
of developing new water source can completely be realized thirdly. Thus, Leishui Baiyutan 
reservoir is selected as the water source point of the engineering.  
The basic conditions and advantages and disadvantages of each water source are analyzed as 
follows: 
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1) Diversion of built medium-sized reservoir 
In the region of Hengnan County, there are two medium-sized reservoirs to be selected, 
wherein the first one is Doushanchong located in west part of the county, the rainwater 
collection area is 45.5km2, the annual runoff is 27.3 million m3, the effective storage capacity is 
19.52 millionm3, the normal water level is 106.6m; and the second one is Longxi Bridge located 
in the part of the county, the rainwater collection area is 43.3km2, the annual runoff is 39 million 
m3, the effective storage capacity is 37.62 millionm3, and the normal water level is 126.7m. 
Although the quality of the water within the two reservoirs can meet the requirements for the 
raw water standard of living and drinking water, and the two reservoirs can provide 10 to 11.4 
million m3 of gross water to the cities and towns annually by optimizing the scheduling, 
adjusting the planting structure of the irrigation area, implementing water-saving irrigation 
technology and other water-saving measures, wherein the water supply of Longxi Bridge 
reservoir is 7.5 million m3/a and that of Doushanchong reservoir 3.9 million m3/a. As the 
distances of the two reservoirs to the county are more than 50km, the investment for the project 
of joint water supply, which can meet the water demand of recent time in case of the water 
supply of a single reservoir is short, is large as the sum for the water-transmission pipeline of 
the two reservoirs is more than 100km, the conveyance loss thereof is large, and the water 
demand of a long time cannot be met, the water supply scheme for the built medium-sized 
reservoir within the county is undesirable. 
2) Diversion of proposed Tugutang reservoir 
The dam of the reservoir is located upstream the county about 5km, in which the rainwater 
collection area above the dam site is 37298km2, the normal water level of the reservoir is 
58.0m, the corresponding storage capacity is 242 million m3, the dead storage is 227 million 
m3, and the adjustable storage is 16 million m3. For the reservoir, the runoff entering into the 
reservoir and regulating quantity of the same are large, and the minimum natural runoff of the 
dam site is 127m3/s. In terms of quantity of water sources, the water of Tugutang reservoir is 
adequate as a new water source of the county, but the main purpose for opening a new water 
source is to respond the water source pollution of Xiangjiang River and the unexpected 
accidents of upstream water pollution, the area of Tugutang reservoir is the place where the 
water pollution and unexpected pollution accident may be occurred, so that the selection for 
selecting the reservoir as a new water source of Hengnan County is obviously inconsistent with 
the target, and the selection is meaningless.   
3) Local groundwater development 
According to the investigation and analysis of relevant data, the hydrogeological condition of 
Yunji Town is relatively simple. Most part of the region is covered with the Quaternary system, 
and the bedrock is only exposed in the east and north sides of Xiangjiang River. According to 
the burial conditions and rock characteristics, the groundwater within the region is mainly 
divided into two major categories, i.e. pore water of loosening rock, and bedrock fissure water, 
cavern water. 
The main recharge resource of groundwater in the region is atmospheric precipitation, lateral 
recharge of Xiangjiang River and the vertical recharge of upper pore water of loosening rock, 
so that the groundwater of the region is relatively rich. The upper clay layer is a relative 
water-resisting layer, and the local part thereof comprises perched water, the lower 
sand-pebble layer which is a good aquifer comprises pore water and, and the bottom bedrock 
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comprises bedrock fissure water and cavern water. The aquifer above is located in the bench of 
Classes I, II and III of Xiangjiang River, the region is the relatively water-rich zone in Hengyang 
basin area, the water inflow of a single well is 5000 to 10000L/d, the general burial depth of 
drought period is 14 to 20m, and therefore the region is an ideal groundwater source of 
medium-sized mining. 
But compared with the daily water supply of 70000t/d of the planned new water source, the 
water quantity of groundwater allowed to mine just can meet the requirements of living and 
drinking water, the water supply mode based on the water quality shall be used to carry out the 
purpose of responding to the unexpected accidents of water pollution in case of the selection of 
the water source, wherein a set of independent water supply network systems of drinking water 
shall be established to realize water supply mode based on the water quality, so that the 
scheme should not be selected due to the large investment and difficult construction. 
4) Intake for Baiyutan reservoir of Leishui 
The Baiyutan reservoir of Leishui is located in a cascade in the most downstream of Leishui, 
wherein the rainwater collection area above the dam site is 11170km2, the annual runoff 
entering into the reservoir is 9.78 billion m3, the normal impounded level is 58.00m, the 
corresponding storage capacity is 36 million m3, the total storage capacity of Dongjiang 
reservoir which is a multi-year regulation storage reservoir upstream the same is 915 million m3. 
There are 7 cascade reservoirs between Dongjiang and Baiyutan reservoirs, wherein the total 
regulation storage thereof is 100 million m3, the available water resources are very rich, and 
the impact of diversion on the power generation of Baiyutan power station is minimal as the 
daily flow of water supply of Hengnan County to 2020 is 0.81m3/s only. 
According to the Water Function Classification of Hunan Province, the flood season, non-flood 
season, and annual water quality of Leiyang Station and outlet section of Leishui are Class III, 
which is in line with the raw water standard of living and drinking water. 
The length of the pipeline for taking water from the place close to Dukou village of Yunji Town of 
Hengnan County in the tail end of Baiyutan reservoir of Leishui to the first water plant of 
Hengnan County, the water plant of Chejiang Town and the water plant of air defense is 
20555m, and the actual pump head of the water intaking pump station is 55.49m, wherein the 
Topography along the project is relatively flat, the pipeline is basically arranged along the road 
or ditch, and the construction conditions thereof are good. 
According to the conclusions of Chapter 5 in the Water Source Demonstration Report of Hunan 
Province: 
From the point of view of the evaluation for the quality of water intaking segment, the current 
quality for the water intaking source of Hengnan new water source project belongs to Class III 
specified in the Environmental Quality Standard of Surface Water (GB3838-2002), and the 
current water quality is in line with the water intaking requirements of water plant. According to 
the Water Function Classification of Hunan Province, the project is located in “Leiyang of 
Leishui to the reserved area of Hengyang”, all the water quality management targets belong to 
the standard of Class III specified in the Environmental Quality Standard of Surface Water 
(GB3838-2002), all the water quality management targets of the water intaking segment in the 
location scheme of pump station are controlled in the standard of Class III specified in the 
Environmental Quality Standard of Surface Water (GB3838-2002), and the quality of water 
intaking in new water source project of Hengnan County can be ensured. 
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In conclusion, the water source, i.e. Baiyutan reservoir of Leishui is featured with the 
advantages as follows: the water source is rich, the water quality is in line with the standard of 
living and drinking water, the water transmission pipe is relatively short, the water can be 
directly introduced into the poll of existing water plant, the water supply of new water source 
can be carried out through the existing water supply facilities, the target of opening a new water 
source is carried out, and the selection of water source is reasonable. 

3.3 Comparison and Analysis for Location of Pump Station 

In the project, the water will be taken from Leishui River, the location of pump station 
considered is set in the territory of Yunji Town of Hengnan County in the left bank of main 
stream of Leishui, and the station location recommended by the feasibility study report of the 
project is the place (water source point 1#) close to Dukou village of Hengnan County and the 
place (water source point 2#) close to Yangjiaping village after the arrangement according to 
the topographic map selection and onsite investigation which are combined with the selection 
principle for the water source point of water intaking. 
The comparison and selection of two water source points (pump stations) is shown in Table 3-6. 
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Table 3-6  List for Comparison of Water Source Points 

Project Water Source Point 1# Water Source Point 2# Result 
Comparison

Water 
quality 

Located in the place close to 
Dukou village of Hengyang 
County; there is no pollution 

source in the range of 
upstream 3000m and 

downstream 300m, the quality 
of water is better, and the 

quality of water is basically in 
line with the water supply 

standard of Class II specified in 
the Environmental Quality 
Standard of Surface Water 

according to the testing results 

Located in the place close to 
Yangjiaping village of 

Hengyang County; there is no 
pollution source in the range of 

upstream 3000m and 
downstream 300m, the quality 

of water is better, and the 
quality of water is basically in 

line with the water supply 
standard of Class II specified in 

the Environmental Quality 
Standard of Surface Water 

according to the testing results 

Same 

Construction 
conditions 

The gradient of the bank is 
steep, the water along the bank 

is relatively deep, and the 
construction conditions are 

good. 

The gradient of the bank is 
relatively slow, the water along 
the bank is relatively shallow, 

and the construction conditions 
are general. 

1# is better 

Straight 
distance to 
the water 

plant 

The straight distance to the 
water plant is about 6200m. 

The straight distance to the 
water plant is about 7000m. 1# is better 

Project 
investment 

The earthwork for the 
construction of pump room is 

relatively small, the distance to 
the water plant is relatively 

close, and the investment is 
relatively small 

The earthwork for the 
construction of pump room is 

relatively large, the distance to 
the water plant is relatively far, 
and the investment is relatively 

large 

 
1# is better 

 
According to the conclusions of Chapter 5 in the Water Source Demonstration Report of Hunan 
Province: 
The soil for the two sides and channel of the water intaking segment in the water source point 
1# of new water source project of Hengnan County is bench silty clay of the Quaternary 
residual slope accumulation and clay which is tan-red-brown, hard to shape and locally shaped, 
and the thickness of the layer is 1 to 8m. The underlying bedrock is the red-brown and thick to 
medium fine grained calcareous sand stone including plaster siltite of the Tertiary system, 
locally composed of sandstone including gravel, and strongly weathered to moderately 
weathered. The foundation of the pump room is safe and reliable, the riverbed cannot be 
eroded easily, and the stability of the river can be basically maintained. The water intaking port 
is located in the left bank of Leishui and in the Baiyutan reservoir, the flow rate thereof is 
relatively slow, and the water intaking location is better. 
Overall, the comparison table of water source point shows that the quantity and water quality 
conditions of the water source points 1# and 2# are basically same, but the water source point 
1# is relatively dominant in the distance to the water plant, construction conditions, project 
investment and other aspects, so that the determination for selecting the water source point 1# 
as the location of pump station of the project is reasonable. 
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3.4 Comparison Analysis of Single-pipe and Double-pipe Schemes 

In the project, the total length of the water transmission pipe is 20555m, which indicates the 
pipeline is relatively long, specifically the length of the pipeline from the water intaking pump 
room to the water plant segment of Hengnan County is 7180m, the diameter of the pipeline is 
relatively large, the impact for the selection of single-pipe or double-pipe water transmission on 
the safety, investment and the like of the project is relatively large, so that the single-pipe or 
double-pipe deployment for the pipeline from the water intaking pump room to the water plant 
segment of Hengnan County is compared as follows: 
① Scheme one, double-pipe deployment: the total length of the single pipe is 7180m, the 

total pipe (two Pcs.) length is 14360m, the pipeline is equipped with two PCCP pipes (steel 
cylinder concrete pipe) with the diameter of DN700, the velocity designed is 1.16m/s, and 
the head loss per kilometer is 2.99m. 

Table 3-7  Scheme One - Table for Hydraulic Calculation Table of Main Pipe 

Pipe 
Section 

Flow Rate 
(m3/s) 

Diameter 
(mm) 

Pipe 
Length 

(m) 

Velocity 
(m/s) 

Linear 
Loss (m) 

Total Loss 
(m) 

1 0.4456 700 1000 1.16 2.3 2.99 

*Note: In the table, the diameter refers to a calculated inner diameter 
In the pipeline deployment process, the gradient reduction along the road is relatively uniform, 
the two sides of the road do not have scarp and cliff, and the construction conditions of the 
pipeline are relatively good. 
② Scheme two, single-pipe deployment: the second scheme considers the setting of single 

water transmission pipe, wherein the total length of the pipe is about 7180m, the pipeline is 
equipped with a PCCP pipe (steel cylinder concrete pipe) with the diameter of DN1000, the 
velocity designed is 1.13m/s, and the head loss per kilometer is 1.81m. 

Table 3-8  Scheme Two - Table for Hydraulic Calculation Table of Main Pipe 

Pipe 
Section 

Flow Rate 
(m3/s) 

Diameter 
(mm) 

Pipe 
Length (m) 

Velocity 
(m/s) 

Linear 
Loss (m) 

Total Loss 
(m) 

1 0.8912 1000 1000 1.13 1.39 1.81 

*Note: In the table, the diameter refers to a calculated inner diameter 
In the pipeline deployment process, the gradient reduction along the road is relatively uniform, 
the two sides of the road do not have scarp and cliff, and the construction conditions of the 
pipeline are relatively good. 
③ The technical and economic comparisons of the first and second schemes are shown in 
Table 3-9. 
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Table 3-9  Comprehensive Scheme Comparison Table 

Serial 
No. Project Scheme One Scheme Two 

1 Project investment 18.2 million Yuan 13.3 million Yuan 

2 Construction conditions Relatively good, and the 
transportation is convenient

Relatively good, and the 
transportation is 

convenient 

3 Length of pipeline 14000 m 7000m 

4 Diameter (mm) DN700 DN1000 

5 Head loss per kilometer Medium Low 

6 Safety of water supply Strong Weak 

 
According to the comparison analysis of the two water transmission schemes above, it can be 
indicated that the pipeline of the second scheme is shorter than that of the first scheme, the 
investment of the project is greatly reduced, the head loss per kilometer is relatively low, the 
pump head of the pump station can be reduced, the operation cost is reduced, the safety 
requirement of water supply is not low as the task for the new water source project of Hengnan 
County is to solve the source of urban water supply in Hengnan County is single and the 
unexpected heavy metal pollution may be caused by the main stream of Xiangjiang River and 
the new water source is just used as a standby water source of that of Xiangjiang River, the 
pipeline between the water intaking pump room of the project and the water plant section of 
Hengnan County uses the second scheme, i.e. single-pipe water transmission scheme. 
Here, the other pipelines will not be compared as the diameter is relatively small and the 
carrying capacity is small, and they are in single-pipe water transmission. 

3.5 Process Flow 

The construction flows for the pump station and water transmission pipe of the project are 
respectively shown in Figure 3-1 and Figure 3-2. 

 

Figure 3-1 Diagram for Construction Flow of Pump Station 
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Figure 3-1 Diagram for Construction Flow of Water Transmission Pipe 

3.6 Analysis for Pollution Source of Project 

3.6.1 Pollution Source of Construction Period 
(I) Gas pollution source 
The exhaust in construction period of the project mainly comprises construction dust and 
vehicle exhaust. 
Generally, the fuel for the construction machine and construction material transport vehicles on 
the site is diesel. The exhaust caused by diesel combustion mainly comprises CO, 
hydrocarbons and NOx, in which the emission conditions are respectively as follows: CO: 
5.25g/vehicle·km, THC: 2.08g/vehicle·km, and NOx: 10.44g/vehicle·km. 
The dust emission of construction is related to water content and wind speed, and the main 
source for construction dust of the project is as follows: 
(1) Road cutting, earthwork excavation, groove bottom leveling, and groove backfilling; 
(2) Concrete and dust mixing; 
(3) Onsite handling and stacking of construction material (lime, cement, sand, grave, brick and 

etc.); 
(4) Road dust caused by vehicle driving; 
(5) Cleaning and stacking of construction waste. 
In case of fine and rainless weather, the impact of the dust caused by natural wind on the 
quality of surrounding ambient air is relatively large, wherein the range of impact is directly 
related to the wind speed, area of exposed soil and particle size. The dust pollution condition of 
construction site based on analogue comparison and investigation is shown in Table 3-10. 
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Table 3-10  Dust Pollution Condition of Construction Site (mg/m3) 

Detection 
Position 

Up Wind of 
50m on Site Site 

Down Wind on Site 
Remarks 

50 m 100 m 150 m 

Range 
value 

0.303～ 
0.328 

0.409～ 
0.759 

0.434～ 
0.538 

0.356～ 
0.465 

0.309～ 
0.336 

Average 
wind speed 
of 2.5m/s Average 0.317 0.596 0.487 0.390 0.322 

 
EIA requires the construction side to reduce the ground dust in the construction by taking some 
measures such as sprinkling pavement, covering yard, timely cleaning the dust spilled in the 
road, implementing protection operation in the dregs stacking section during the sensitive 
excavation phase, and taking local dust laying measures in key dust points such as dregs 
unloading, mixing and etc. 
(II) Noise pollution source 
The construction noise mainly comprises the noise caused by various types of mechanical 
equipment and the traffic noise of material transportation. Noise of mechanical equipment: the 
noise is generated in the operation process of bulldozer, excavator, cutting machine, impact 
drill, pavement crusher, electric vibrator and etc., wherein the noise level in the place apart from 
the sound source with 1 to 5m is up to 81 to 98dB (A). The impact of these unexpected and 
unsteady noise sources on the surrounding sound environment is large. Traffic noise: the noise 
is caused by large truck for transporting materials, and the impact thereof on the concern point 
along the same is large. The measured value for the noise level of construction machine is 
shown in Table 3-11. 

Table 3-11  Noise Level dB (A) of Construction Machine 

Serial 
No. Machine and Vehicle Type Position of 

Measuring Point (m) 
Noise Level 

(dB (A))  

1 Excavator 5 84  

2 Bulldozer 5 86 

Mainly applied 
to the 

construction of 
pump station 

3 Truck 5 89  

4 Crane 5 81  

5 Impact drill 1 93  

6 Diesel generator set 1 98  

7 Road crusher 1 90  

8 Cutting machine 1 90  

9 Electric vibrator 1 98  

 
(III) Water pollution source 
In the constriction period, there are two major waste water sources, one of which the 
construction waste water, and another one thereof is domestic waste water of construction 
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personnel. 
The construction waste water is mainly generated in aggregate processing, concrete mixing, 
pipeline pressure testing, construction equipment maintaining and washing and project 
maintaining, and mainly composed of petroleum pollutants and a large amount of suspended 
materials and the concentrations are less than10mg/l or 1500 to 4000mg/l, respectively. 
As the distribution of production waste water in the construction period of the project is 
relatively scattered and the centralized treatment of waste water is difficult, each construction 
area is provided with a temporary precipitation tank to precipitate. The waste water subjected to 
the precipitation process for more than 6h shall be returned to aggregate processing, concrete 
mixing, greening of surrounding areas, road dust laying and etc. 
The domestic waste water is mainly composed of the restaurant waste water and fecal waste 
water of construction personnel, and the main pollutant thereof comprises CODcr, BOD5 and 
animal and plant oils and etc. In the peak construction period of the project, the discharge of 
domestic waste water is 8m3/d on the basis that the number of construction personnel is 100, 
the daily domestic water of construction personnel is 100L/person, and the domestic waste 
water is 80% of the water consumption. With analogue comparison and analysis, the main 
pollutant within the domestic waste water comprises CODcr, BOD5 and SS, and the 
concentration thereof is 280mg/l, 160mg/l and 180mg/l, respectively. 
In the construction period, the discharge of domestic waste water is mainly concentrated in 
living camp area, the waste washing water of construction personnel will be applied to road 
dust laying after precipitating in the temporary precipitation tank constructed therein; for the 
excreta of construction personnel, the difficulty of centralized treatment is large due to 
characteristic of multi-point emission, and the excreta is subjected to compost through the 
temporary a dry toilet. 
(IV) Solid waste pollution source 
In the construction period of the project, the solid waste comprises spoil of the project and 
domestic garbage of construction personnel. 
According to the construction scheme provided by the construction party, the amount of 
excavation of the project is 82844m3, the amount of filling is 58424m3, the amount of spoil is 
24420m3, and all the spoil will be timely cleaned and transported to planned spoil site for 
treatment. There are three spoil sites which are low-lying wasteland, and the details for the 
specific locations are shown Table 3-12 and Figure 3. 

Table 3-12  List for Spoil Site of Project 

Serial No. Location of Spoil Site Area of Spoil Site (Mu) Land Status 

1 K2+950 2.19 Low-lying wasteland 

2 K5+610 3.5 Low-lying wasteland 

3 K12+050 4.27 Low-lying wasteland 

Note: The starting point for the pile number in the spoil site is the location of the pump station 
(K0 +0) 

 
In the peak construction period of the project, the discharge of domestic garbage is about 50kg 
on the basis that the number of construction personnel 100 and the daily garbage per capita is 
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0.5kg, wherein the garbage will be completely collected in time by setting garbage cans and 
regularly shipped to the urban garbage landfill yard of Hengnan County to implement 
centralized treatment. 
(V) Ecological factors 
(1) Soil and Water Loss 
In the construction period, the earthwork excavated is mainly piled on both sides of the groove, 
and the Soil and Water Loss is easy to be produced in rainy season as the soil is relatively 
loose. 
The excavation of pipe groove in the project is the project factor of Soil and Water Loss, the soil 
is exposed to the rain, wind and other interference factors in the construction process; in 
addition, the formation and finishing of a large number of earthwork excavation, steep slope 
and side slope will intensify the exposure of soil. In the construction process, the scattering and 
Soil and Water Loss may be appeared while loading, transporting, unloading and stacking the 
soil. At the same time, the soil structure will be destroyed in the construction process, the 
erosion resistance of the soil will be greatly reduced, and the Soil and Water Loss generated by 
rainfall in the heavy rain will cause serious Soil and Water Loss in the construction process of 
the project. 
According to the relevant data, the soil loss for the loose soil with a gradient of 3° is 51.8t/(ha•a), 
the soil loss for the loose soil with a gradient of 9° is 69.9t/(ha•a), and therefore it can be shown 
that the amount of Soil and Water Loss in the construction period of the project will be larger in 
rainy season. 
(2) Impact on occupied land of construction 
The temporary cover of the project is 253.8 Mu, the occupied land is mainly applied to the 
accumulation of pipeline excavation soil, pipe stacking, equipment and material storage, 
temporary pavement of construction, residence of construction personnel and etc., and use of 
the land will be impacted in the construction period and a relatively short subsequent period of 
time. 
(3) Impact on soil environment 
The constriction of water transmission pipe of the project is carried out by burying the pipe in 
grooves, so that the soil shall be excavated and subjected to landfill, wherein the impact on soil 
environment is reflected in: 
A, destroy the soil structure; B, destroy the soil level, and change the soil texture; C, affect the 
hardness of the soil; D, lose the nutrient of the soil; E, impact of construction waste on the soil 
environment; F, impact on soil organisms. 
(4) Impact on farmland and vegetation 
In the construction period, the farmland and vegetation in the range of about 12 to 15m wide 
around the pipe will be disrupted due to the excavation and landfill, mechanical compaction and 
personnel trampling, thereby affecting the species and diversity of the plant in the region along 
the line. 
(5) Impact on animal and plant ecological environment 
A. The pipe construction of the project has a certain degree of interference to the living 
environment of the animal and plant within the range of 100m of both sides of the pipeline. 
B. The impact for the construction of pump station on the living environment of the aquatic 
organisms of Leishui is very small, and the coverage thereof is limited to the water area close to 
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the station location. 
(6) Impact of pipe construction on landscape 
In the pipe construction process, a large area of bare surface will be caused by earthwork 
excavation, wasted slag stacking, site cleaning and other activities, so that harmony of the 
exposed surface is affected in a certain extent. 
3.6.2 Pollution Source of Operation Period 
In the operation period of the project, there is no waste water, waste gas and solid waste, and 
the main noise source thereof is the submersible water supply pump in the pump station; and 
according to the onsite monitoring results of similar projects, the noise level of the submersible 
water supply pump is about 90dB (A). 
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4. Analysis of Pollution Control Measure 

4.1 Analysis of Pollution Control Measure in Construction Period 

4.1.1 Control Measures of Exhaust 
The exhaust in the construction period mainly comprises dust and vehicle exhaust, and 
the EIA requires the construction side to take the following prevention and control 
measures; 
(1) Properly sprinkling the backfilling area, soil storage mound, operation surface and 

ground to reduce the excessive dust in the process of pipe groove excavation and 
soil handling in case of fine or dry climate, wherein the time of sprinkling is 
determined according to the weather condition, generally 1 to 2 times per day, and 
the time of sprinkling can be properly increased in case of strong wind or dry weather; 

(2) The construction side shall set construction signs, fire fighting/security and civilized 
construction system boards in the construction period. The construction sign shall 
indicate the name of construction project, the name of development unit, design unit, 
construction unit and supervision unit, the name and contact of the project manager, 
the date of starting and planned completion, the approval number of builder's license, 
and the pollution report telephone of local environmental protection department; 

(3) In the construction period of the project, the operation site is provided with retaining 
wall and building envelope to reduce the dust diffusion, wherein the effect of retaining 
wall and building envelope in reducing the pollution of the dust to the environment is 
obvious, and the impact distance can be shorted for 40% when the wind speed is 
2.5m/s.  

(4) In the construction period of the project, the materials with dust spilling property, such 
as gravel, earthwork or waste shall be subjected to confined treatment, and the 
materials stacked within the site shall be prevented from wind erosion and dusting by 
covering with a dust cloth or dust screen as well as regularly spraying dust inhibitor 
and other measures; 

(5) The soil on the wheel and chassis of carrying vehicle to reduce the soil and sundries 
carried by the vehicle from scattering on the ground and pavement during the 
transportation process, the height of the materials and dregs loaded by the 
transportation vehicle should not be more than the upper edge of vehicle slot, and the 
hopper shall be cove red with tarpaulin, or the vehicle shall be a closed hopper. 

(6) The construction site shall have specially-assigned person to be responsible for the 
disposal, cleaning, transportation and stacking of spoil, construction waste and 
construction material, and the soil excavated shall be transported and treated in time 
and should not be stacked for a long time and excessively high as the dust is easy to 
be blown by wind in case of temporary accumulation. The stacking area shall be 
avoided from the upwind of residential area, covered with paulin or sprinkled to 
prevent secondary dust, if necessary. 

(7) In the construction period, the large transport vehicle with diesel fuel shall be 
equipped with an exhaust purifier to reduce the emission concentration of fuel 
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exhaust. 
The measures above are commonly used and effective. According to the data analysis, 
the range for the impact of dust will be reduced about 80% by taking the measures above, 
and the prevention and control measures are feasible. 
 
4.1.2 Control Measures of Construction Noise 
The construction noise sources mainly comprise construction machine and transport 
vehicle, and the EIA requires the construction side to take the main prevention and control 
measures as follows: 
(1) Control of sound source: the development unit shall require the construction unit to 

use low-noise mechanical equipment as the main mechanical equipment as mush as 
possible while signing the contract, e.g. replacing fuel machinery with hydraulic 
machinery. At the same time, the development unit shall allocate a specially-assigned 
person to regularly maintain and repair the equipment, and be responsible for training 
the onsite staff to use the various types of machinery in strict accordance with 
operation specifications. 

(2) Reasonable arrangement of construction time: the construction unit shall reasonably 
arrange the construction time and prevent the construct at the periods of time of 
12:00 to 14:00 and 22:00-6:00. 

(3) Reasonable distribution of construction site: the fixed noise sources of the 
construction site shall be relatively concentrated and placed far from the position of 
the environment sensitive subject, and the Topography, particularly the course of 
heavy transportation vehicle shall be used well to avoid the noise sensitive area, 
reduce traffic congestion and phenomenon of waiting for driving as much as possible. 

(4) The construction vehicle passing in and out the construction site shall be subjected to 
low speed and horn-blowing control. 

(5) In the excavation process, the blasting method shall be prevented as much as 
possible. 

(6) If possible, the vehicle shall be equipped with a muffler to reduce the intake and 
exhaust noise of the various types of engine. 

(7) The construction management department shall strengthen the noise management of 
construction site, and the construction enterprise shall control the construction noise, 
implement civilization construction, and avoid the disputes caused by construction 
noise. 

The implementation of the measures above can effectively control the noise effect in the 
construction period of the project to the surrounding environment. 
4.1.3 Control Measures of Construction Waste Water 
The waste water of construction manly comprises petroleum contaminants and a lot of 
suspended materials, and as the distribution of production waste water in the construction 
period of the project is relatively scattered and the centralized treatment of waste water is 
difficult, each construction area is provided with a temporary precipitation tank to 
precipitate. The waste water subjected to the precipitation process for more than 6h shall 
be returned to aggregate processing, concrete mixing, greening of surrounding areas, 
road dust laying and etc.   
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In the construction period, the discharge of domestic waste water is mainly concentrated 
in living camp area, the waste washing water of construction personnel will be applied to 
road dust laying after precipitating in the temporary precipitation tank constructed therein; 
for the excreta of construction personnel, the difficulty of centralized treatment is large due 
to characteristic of multi-point emission, and the excreta is subjected to compost through 
the temporary a dry toilet. 
4.1.4 Control Measures of Solid Waste During Construction Period 
In the construction period, the solid waste mainly comprises project spoil and domestic 
garbage of construction personnel. 
The project spoil shall be completely and timely removed to planned spoil site. The 
transportation plan of the spoil scattered in all the construction sites shall be contacted 
with the relevant road departments to avoid the spoil transportation in case of traffic peak, 
and the development unit of the project and the transportation department shall complete 
the professional ethics education of the driver well, the transportation shall be carried out 
according to the prescribed route, the spoil shall be disposed according to the specified 
placed, and the condition for the implementation of the plan shall be irregularly inspected. 
The domestic garbage of construction personnel shall be completely collected in time by 
means of garbage cans and regularly shipped to the urban garbage landfill yard of 
Hengnan County to implement centralized treatment. 
With the measures above, the solid waste can be treated well, and the significant impact 
on the surrounding environment can be prevented. 
4.1.5 Compensation for Ecological Restration and Protection Measures 
The total pipe length of the project is 20,555m, some impacts during the construction 
period on the ecological environment are reversible, and the impacts on the environment 
is divided into two major categories, i.e. reversible impact and irreversible impact; thus, 
the development of corresponding protection and restoration measures for slowing, 
preventing or compensating ecological impact are very necessary in allusion to the 
property and degree of the impact may be caused by the project. 
4.1.5.1 Eco-environmental Protection Measures of Construction Period 
(1) In the construction period of pipe, the land shall be occupied as little as possible to 

minimize the destruct to vegetation and minimize the scope of construction, wherein 
the various construction activities should be strictly controlled in the construction area, 
the temporary area shall be controlled in the minimum degree to prevent the soil and 
vegetation from unnecessary destruction and control the impact of pipe construction 
to the existing vegetation and soil in the minimum degree. The vegetation destructed 
in the construction period shall be provided with a compensation measure to 
compensate, the land which is temporarily occupied shall be subjected to reclamation 
and vegetation restoration when the project is completed. In the excavation process 
of surface soil, the surface soil shall be piled at one side as far as possible, the 
construction site shall be finished as soon as possible when the construction is 
completed, in which the surface soil shall be covered on the original surface to 
restore the vegetation. In addition, the compaction effect to the soil shall be reduced 
by increasing the investment of organic fertilizer in the operation area, increasing the 
content of organic matter in the soil, and restoring the aggregate structure of the soil. 
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(2) The construction of the jacking pipe passing through the 107 State Road shall be 
regulated and managed strictly, the scheme for the treatment of mud and earthwork 
shall be developed before the construction, the land area of temporary stacking cover 
and long-range transportation shall be limited, and the greening or hardening shall be 
considered in case of local reinforcement of dike and road dam. 

(3) The heavy excavation passing through the road of county and township shall be 
prevented from traffic peak, the excavation method for breaking the road shall be 
prevented as much as possible, and the excessive earthwork of backfilling shall be 
applied to the reinforcement of road embankment in time. 

4.1.5.2 Measures of Soil Remediation 
Water intake → village road of Dukou village and Yunji avenue → dry land and farmland, 
i.e. the area passed by the pipeline of air defense section, most of soil texture in the region 
is moderate, the soil structure is good, the proportion between the soil water storage and 
ventilating slit is relatively harmonious, and the breathable performance of the soil is good. 
The average value for the content of organic matter within the soil is higher than that of the 
whole province, and the content of other nutrients is similar to the average of the province. 
As the physical and chemical properties of the soil close to the both sides of the pipeline 
are affected by the construction of pipeline, the organic fertilizer shall be used more to 
improve the aggregate structure of the soil and increase the content of organic matter in 
case of soil tending. The organic fertilizer of humid acid can improve, activate and nutrient 
the soil, and stimulate the compacted soil back to life. For the soil of the region, the 
fertilizer prescription shall be determined by testing the soil, the use of nitrogen, 
phosphorus, potassium fertilizers shall be appropriate to realize comprehensive and 
balanced soil nutrient. At the same time, the field farming such as rowing, hoeing, 
harrowing and etc. shall be increased to restore the production capability of the 
temporarily occupied land. 
4.1.5.3 Measures of Soil and Water Conservation  
1. Commission a qualified design department to design the scheme of soil and water 

conservation, set a special fund of specially-assigned person to ensure the smooth 
implementation of the soil and water conservation, and realize the soil and water 
conservation in the whole process from construction to the completion of the project. 

2. Reasonably arrange the construction schedule, reduce Soil and Water Loss. The 
construction shall be prevented from rainy season and windy day and implemented 
by means of section construction, specifically excavating, transporting, paving and 
compressing at any time to prevent loose ground. 

3. Delimit the range and route of construction operation, wherein the range and route 
should not be expanded optionally, and the operation shall be in line with the 
provisions. The range for the construction operation of transport vehicle and heavy 
machinery shall be strictly controlled and managed, the destruction to the soil and 
crops and the consequent Soil and Water Loss shall be reduced as much as possible. 

4. Improve construction efficiency, and shortened the construction period. 
5. For the section of which the vegetation is destructed in the constriction process, the 

vegetation restoration work must be timely implemented to reduce the Soil and Water 
Loss when the construction is completed. 



 

46 

6. In the cofferdam construction process of the pump station, the soil shall be prevented 
from discharging into the river in the groove excavation process. When the 
construction is completed, the straw bags of the cofferdam shall be timely and 
completely removed from the riverbed. 

7. The trucks of soil and gravel transportation shall be intact, the load in the 
transportation process should not be too full, and the soil and gravel must be 
prevented from scattering in the transportation process. 

8. The location of the spoil site shall be selected, and the spoil site shall be in a 
lower-lying area, the opening and the surrounding shall be provided with bulkhead 
dams to form a mud reservoir, the slope and the top shall be covered with vegetation 
to prevent the bare soil surface from long-term water erosion when the spoil work is 
completed; 

4.1.5.4 Scheme of Basic Farmland Protection 
The temporary cover of the project is 253.8 Mu, a small part of the basic farmland will be 
occupied only by the water intake → village road of Dukou village and Yunji avenue → 
construction of two sections of the air defense, wherein the destruction of the basic 
farmland shall be reduced by taking measures in the construction process, the restoration 
work of the basic farmland shall be completed well when the construction is ended. 
Besides the compensation the direct losses farmland yield caused by the temporary cover, 
the indirect losses of the crops when the construction is completed and the compensation 
fees of soil restoration and the like shall be considered. After the construction, the main 
measures of soil restoration can be carried out by means of compensation funds. 
The permanent cover, mainly including pump station cover, of the project is 172m2, in 
which the basic farmland will no be occupied. 
4.1.6 Measures of Traffic Impact Control 
In order to ensure smooth traffic, the construction of the project across the road can be 
carried out with the construction of jacking pipe, and the following protective measures 
shall be taken in case of heavy excavation: 
1. A temporary road shall be built before closing the road while passing the pipeline 

through the main road, the two ends of the road shall be provided with deceleration 
denoters and driving guide boards to guide the vehicle; 

2. In the construction process, a specially-assigned person shall be allocated to direct 
the traffic and lead the traffic stream; 

3. The cycle of pipeline construction shall be shortened, the pipeline shall be passed 
through the road section quickly, and the original road standard shall be immediately 
restored when the construction is completed.   

4.2 Pollution Control Measures of Operation Period 

The operation period of the project does not have waste water, exhaust and solid waste, 
and the main noise source is the submersible supply pump of pump station, according to 
the monitoring results of similar projects: the noise level of the submersible supply pump 
is about 90dB (A). In order to reduce the impact for the operation of pump station to the 
surrounding sound environment, the following noise reduction measures to be taken: 
(1) Pay attention to plane layout, reasonably distribute, enhance the stopping property of 
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the pump room, and the submersible supply pump set shall be arranged in the 
basement as far as possible. 

(2) For the selection of the equipment, the equipment of the submersible supply pump 
set with good assembly quality and low noise shall be selected to reduce the impact 
of noise under the premise of meeting the functional requirements. 

(3) Cushion blocking shall be used in the process of foundation vibration reduction and 
the installation of submersible supply pump set. 

Due to the application of measures above, the impact of noise in the operation period of 
pump station on the surrounding environment can be minimized. 

4.3 Environmental Protection Investment and Environmental Benefits 

The total investment of the project is 38.5462 million Yuan, in which the investment of 
environmental protection facilities is 1.25 million Yuan, accounting for 3.24% of the total 
investment of the project. The environmental protection facilities and investment 
estimations are shown in Table 4-1. 
The proposed project is the project of hydraulic work belonging to a non-polluting project, 
wherein the environmental benefits are difficult to be expressed in currency form, the 
operation of the project can solve the problem that the source of urban water supply in 
Hengnan County is single and the unexpected heavy metal pollution may be caused by 
the main stream of Xiangjiang River, prevent the phenomenon that the heavy metal in part 
downstream segment is excessive as the bottom sludge deposited in the front of the dam 
is completely brought to the downstream in the first flood discharge period of Tugutang 
Navigation and Hydropower Complex, and improve the security for the drinking water of 
Hengnan County, Air Defense and Chejiang Town. The proposed environmental 
management measures of the project are effective and feasible, the ecological 
environment can be restored well, the impacts of construction dust, waste water, spoil, 
construction noise and operation noise of the pump station on the environment can be 
controlled effectively, and the environmental benefits thereof are good. 

Table 4-1  List of Main Environmental Protection Measures and Investment 
Estimation 

Serial 
No. Category Main Environmental Protection 

Measures 

Investment 
Estimation (ten 
thousand Yuan) 

1 Eco-environmental 
measures 

Restoration of topography and 
vegetation; coverage of spoil slope 

and top plane; soil remediation 
and other measures 

60 

2 Prevention and control of 
construction waste water 

Treat by constructing a waste 
water precipitation tank 10 

3 Prevention and control of 
construction dust 

Regularly sprinkling, covering with 
dust cloth, covering with dust 

screen, covering with canvas and 
the like while transporting with 

vehicles 

15 



 

48 

4 Solid waste of construction

Project spoil and construction 
waste shall be completely and 
timely cleaned to planned spoil 
site, and the domestic garbage 

shall be transported to the urban 
garbage landfill site of Hengnan 

County for centralized landfill 
disposal. 

20 

5 Noise of operation period

Selection for the equipment of 
low-noise submersible water 

supply set of the pump station, 
basic vibration reduction, sound 

insulation 

20 

Total  125 
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5. Environmental Overview of Construction Project 

5.1 Natural Environment 

5.1.1 Geographical Position and Traffic 
Hengnan County, located in the southeast of Hunan Province and the middle stream of 
Xiangjiang River, is featured with unique geographical position and located in the east 
longitude of 112°16' to 112°8' and the north latitude of 26°32' to 26°58', specifically the 
south part is the portal of Guangdong, the north part is the throat of Three Chu, and the 
three parts, i.e. east, south and west parts embrace Hengyang City. The Xiang-Gui 
Railway and Heng-Kun Expressway span the east and west parts, the Beijing-Guangzhou 
Railway and Jingzhu Expressway pass through the north and south parts, the State 
Roads 107 and 322 pass through the region, the provincial roads 1807 and 1843 
extended along the left and right; the Xiangjiang River, Leishui River, Chonglingshui River, 
and Zhengshui River are navigable in the four seasons, and therefore the traffic is very 
convenient. 
5.1.2 Topography, Landform and Geology 
Hengnan County is located in southeast of the hilly area of Central Hunan, wherein the 
landform of the whole county is divided into four types, i.e. plains, hillock, hill, mountain, 
including 10 subclasses. Most of the hills are soil or soil and stone, and a small number of 
the hills are stone, specifically the materials for constructing the hills are red and dark 
residual clay, mild clay and weathered residual stone due to the laterization process 
based on the weathering effects of subtropical zone. 
The strata are composed of the lime system limestone of Cretaceous period or and 
granodiorite of middle Yanshan period, wherein the Qixia formation is the main aquifer, the 
sandstone and granodiorite of Douling formation are aquiclude, the faults and folds in the 
region are developed, the fault is developed in the soluble and rigid rock, the watery is 
good, and the seismic intensity is less than 6 degrees. 
5.1.3 Climate and Weather 
The location, Hengnan County, of the project belongs to subtropical monsoon climate with 
obvious characteristics of subtropical monsoon climate, and the main meteorological 
parameters are as follows: 
Average atmospheric pressure 1008.6hpa  
Annual average temperature 17.8� 
Annual average precipitation 1268.8m 
Annual average evaporation amount 1468.7mm 
Annual average wind speed 2.0m/s 
Annual dominant wind direction NE 
Frequency of annual dominant wind direction 19.4% 
Frequency of annual clam wind 19.6% 
Dominant wind direction of summer SE 
Frequency of dominant wind direction of summer 5.0% 
5.1.4 Hydrology 
Xiangjiang River flows through the whole territory of Hengnan County from southwest to 
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north, and the two major branches, i.e. Zhengshui River and Leishui River flow through 
most of villages and towns of the county. 
Xiangjiang River, which is also known as Xiang River and the largest river of Hunan 
Province, originates from Longmen boundary of Haiyang Shan in Lingchuan County of 
Guangxi Zhuang Autonomous Region, flows through Xing’an of Guangxi, Quanzhou, 
Lengshuitan, Qiyang, Qidong, Changning, Hengnan, Hengyang, Hengdong, Hengshan, 
Zhuzhou, Xiangtan, Changsha, Wangcheng and other placed from south to the north, and 
injects to the Dongting Lake in Hao River of Xiangyin County. The whole length of the river 
is 856km, and the drainage area thereof is 94,660km2. The middle stream of Xiangjiang 
River is ranged from Lingling to Hengyang, in which the hills along the sides are 
undulating, the basins are scattered thereamong, and ravines are also presented. The 
trunk with a length in the territory of Hengyang City of 226km flows to the territory thereof 
from Guiyang Qingtang of –Qidong, flows to the territory of Zhuzhou City from the export 
of Hengdong and Pingchun, and accounts for 39.7% of mileage of Xiangjiang River in 
Hunan Province. Qishui, Whitewater, LiJiang, Wushui, Yishu, Chonglingshui, Zhengshui, 
Mishui, and Leishui are the first branches of Xiangjiang River in the territory of Hengyang. 
The precipitation of Xiangjiang River is relatively abundant. In the rainy season, the water 
level of Xiangjiang River will be improved, and the highest water level is presented in the 
time of April to July; the Xiangjiang River and the branches thereof are featured with many 
floodplains, so that the river will suddenly rose in case of a flood; in the drought period, the 
flood plain is higher than the water level. The Dayuandu Navigation and Electricity 
Junction, built and put into use in June 2000, is located in Jiuliandeng beach in the middle 
and downstream of Xiangjiang River, and the distance to Hengyang City is 62km, the 
distance to Zhuzhou City is 120km; the junction project is composed of a dam, a 
navigation lock and power station, and the investment of the whole project is 1.895 billion 
Yuan. The completion for the construction of Dayuandu Navigation and Electricity 
Junction change the hydrological situation of Xiangjiang River in a certain degree, and the 
hydrological situation in Hengyang Section of Xiangjiang River is shown in Table 5-1. 

Table 5-1  Statistics for Hydrological Situation in Hengyang Section of Xiangjiang 
River 

Project Before the Completion After the Completion 

Average flow rate (m3/s) 1360 1320 

Maximum flow rate (m3/s) 18100 2780 

Minimum flow rate (m3/s) 30 498 

Average water level (m) 47.86 51.54 

Maximum depth (m) 8.20 16.54 

Minimum depth (m) 1.03 5.0 

Average depth (m) 3.58 7.12 

Average velocity (m/s) 0.87 0.31 

Average river width (m) 414.5 592 

Average water surface slope (ten 1.24 0.01 
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Project Before the Completion After the Completion 
thousandth) 

Annual average water temperature 
(0C) 19.5 20.8 

Zhengshui River, which is featured with an ancient name of Chengshui and another name 
of Grass River, belongs to the first branch of Xiangjiang River, originates from Tanezhen of 
Shaodong County, flows through Hengyang County and Hengnan County, and injects to 
the Xiangjiang River in Shiguzui of Hengyang City. The total length of the river is 194km, 
the drainage area thereof is 3471km2, and the average gradient of the trunk is 0.054%. 
According to the measured data for the flow rate of Zhengshui of Shengtoushan 
hydrological station in 9152 to 1998, the maximum flow rate is 2770m3/s (1954), the 
second one is 2450m3/s (in 1962) and 2320 m3/s (1982), the minimum flow rate is 
0.182m3/S, the average flow rate of many years is 60.7m3/S, the wet season is ranged 
from April to June, and the dry season is ranged from December to January, the annual 
average temperature is 18.5°C, the maximum water temperature is 38.5°C, and the 
lowest water temperature is 0°C. 
Leishui River, one of the three major branches of Xiangjiang River, originates from 
Yanzhubao of Guiding County, flows through Guidong, Rucheng Zixing, Chenzhou, 
Guiyang, Yizhang Yongxing and Leiyang, and injects to Xiangjiang River in the port of Lei 
River of Hengyang City, wherein the total length of the trunk is 453km, the drainage area 
is 11783km2, and the average gradient is 0.077%. Dongjiang reservoir built upstream the 
Leishui River is used for storing water in 1986, the rainwater collection area is 4719km2, 
accounting for 40% of the whole basin of Leishui River, and the reservoir belongs to a 
multi-year regulating storage reservoir. The completion for the construction of the 
reservoir completely changes the hydrologic characteristics in the middle and down 
streams of Leishui River. According to the calculation based on the measured hydrologic 
data in Dongjiang Station and Leiyang Station, the average flow rate of the basin in many 
years is 315m3/s, and the average runoff thereof in many years is 9.94 billion m3. 
5.1.5 Mineral Resources 
The mineral products hidden under the Hengnan region are rich, wherein the explored 
mineral products mainly comprise tungsten, copper, manganese, iron, uranium, aluminum, 
gold, fluorite, barite, salt, coal and other 30 kinds, in which the fluorite is known at home 
and abroad due to the large reserve and high grade, the content of permanent white in the 
barite, which is selling the international market, is up to 94.8% and above, and the reserve 
of tungsten is also relatively large. 
5.1.6 Soil, Plants and Animals 
The hilly ground wherein the Hengnan County is located is composed of the strata of the 
Quaternary system, i.e. pink gravel-containing mild clay obtained by weathering the 
sandstone, sandy loam and sandstone. The main soil type is red soil, purple soil, damp 
soil and paddy soil. 
The zonal vegetation in the region belongs to the type in north area of evergreen 
broad-leaved forest in mid-subtropical region, the vegetation in the region is dominated by 
coniferous forest, and the type of the vegetation comprises pine, Chinese fir forest, open 
camellia forest, shrub, underbrush, straw mat, orange garden and other crop vegetation. 
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The main type of ecosystem comprises forests, farms, waters, meadows and bushes, and 
villages, so that the region has certain ecosystem diversity, the ecosystem is more stable, 
and the quality of the ecological environment is good. 

5.2 Social Environment 

Hengnan County, located in the south of Hengyang City and the middle stream of the 
Xiangjiang River, is known by the location in the south of Hengshan Mountain, the area of 
the county is 2620km2, in which the arable land is 56,090 hectares, there are 25 towns 
and 2 offices in the jurisdiction, and the population thereof is 1.0229 million. 
The existing name of Hengnan County is used in July 1952, and the history thereof is long 
by tracing the development, specifically Lingxian County was built in the fifth year (BC 202) 
of Hangaozu of the Western Han Dynasty, the Qingquan County in the southeast area of 
Xihengyang County was built in the twenty-first year (1756) by Qianlong of the Qing 
Dynasty, then states were set, the prefecture, which was divided into several regions to 
build City, was set in Xi County, and the name was changed for several times, and the 
history thereof is more than 2000 years. The county looks like a spring with long distance 
under the same source, and also looks like a liquor of Linghu with the permanent fragrant 
in case of time change. 
Hengnan, featured with beautiful landscape, charming sight and remarkable places of 
historical interest, is a tourist resort and summer resort. The east part is featured with 
three solution crevices with a peculiar piece of stone and vagarious landscape, i.e. 
Chuankou, Maiyuan and Sangtian, and Longxi Lake with musical and bluish waves; the 
south part is featured with Jiangkou Bird Islet with forest, beautiful bamboo and acoustic 
resonance of ten thousand of birds, and Jiangkou Bird Islet is rare in the country and has 
been included in the key nature reserves in Hunan Province, specifically the type of the 
bird inhabited therein is more than 160, and the total amount of the bird is mire than 0.1 
million; and the west part is featured with Qishan Forest Park with forceful tall bamboos 
and towering old trees, and the altitude thereof is more than 1km. The region is also 
featured with the Ancestral Temple of Wang family which is known as the “first Ancestral 
Temple of Hengyang”. 
The industrial development of Hengnan is rapid, specifically the four characteristic and 
pillar industries, i.e. smelting chemicals, building materials, textile electromechanical and 
agricultural and sideline products are rapid, and more than 20 kinds of industrial products 
enter the international market. Thus, Hengnan is a major export county of Hunan 
Province. 
The rural economy is carried out around industrialization operation, wherein the grain and 
oil, livestock, pigeon for meat, cotton, tobacco, fruit and other industries are already taking 
shape. The export products such as Hunan Yellow Broiler, landed King Pigeon of the 
United States, Nai plum and the like are sold well in Southeast Asia and other regions; 
some brand-name and high-quality products such as peanut, Brassica chinensis oil, 
cotton, tea and the like are famous nationwide, the business and trade are very active, 
and the annual turnover is more than 2 billion. The development of town construction is 
fast, in which the Santang Town is assessed as “national civilized town and advanced 
creation town”, and the achievement for the relocation of the new county is remarkable. 
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The construction of spiritual civilization is constantly strengthened. The culture, radio and 
television, health, sport and other social undertakings are in competitive development. 
In the region of Hengnan, the mineral is rich, the property is lush, the exposed metallic 
and nonmetallic minerals therein is more than 30 kinds, and the minerals are famous at 
home and abroad due to the large reserve and high grade. Hengnan County is always 
known as the good name of “a land flowing with milk and honey”, known as the “top 100 
national counties of food production”, and the “production base of 100 national bacon 
hogs”. In addition, the industrial base is strong, specifically the four major pillar industries, 
i.e. smelting chemicals, building materials, textile electromechanical and agricultural and 
sideline products have been formed. However, the economic and social development of 
Hengnan is severely constrained as there is no an independent county, and the 
disadvantages of the county without county town are increasingly obvious. Thus, the 
committee and government of the county make a decision for relocating the county and 
building a new county town in 1996. 
The new county town is located in Yunji Town apart from the south of the Hengyang City 
with 8km, divided into two areas, i.e. Hedong and Hexi in the general plan, wherein both 
the two areas will be provided with five districts, i.e. an administrative office district, a 
business and commercial district, a cultural and entertainment district, a high-tech 
industrial park and a commercial and residential district. The built-up area of Yunji Town, 
as the county town, is 9.8km2, and the population of the area is 0.1 million. Heng-Yun 
Expressway, Nanyue Airport, Tugutang Navigation and Hydropower Complex and other 
projects accelerate the junction between the Yunji Town, as the county town, and 
Hengyang City, and construct a back garden of Hengyang. The spatial distance between 
Yunji and the City is shortened and the butt fusion thereof is accelerate by firmly grasping 
the major opportunities such the constriction of Yunda metropolitan district in the 
southwest Hengyang and the construction of high-speed rail economic zone and etc., 
vigorously implementing the strategy of fusing and developing, constructing a number of 
large projects, and further spreading the frame of the county town. 
The advantage in geography of the county town is obvious, i.e. it is the regional center of 
Hengnan County and the important component of Yunda metropolitan district in the 
southwest Hengyang, the urban construction and economic development can be 
self-contained, and the radiation of large city also can be carried out. The traffic is very 
convenient, specifically the county town is surrounded by Beijing-Guangzhou railway, 
State Road 107, State Road 322, Provincial Road 1814, Beijing-Zhuhai and Heng-Kun 
expressways, the Xiangjiang River and River pass through the territory and featured with 
the navigation of four seasons, so that the land and water traffic is very convenient, and 
the region is featured with the advantage of a modern three-dimensional transportation 
network. The region is an excellent land for urban construction as the ecological 
environment is excellent, the Topography in the region is flat, open and surrounded by 
water, the east side of Xiangjiang River is featured with winding mountains, and the 
geological conditions are good, and it also an ideal place of residence, plant 
establishment and leisure. The design for the scale is scientific, in which the overall plan is 
completed by the Architectural Plan and Design Institute of Hunan Province and approved 
for several times by the experts, the starting point of the plan and design is high, the 
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standard thereof is high, and plan and design are featured with forward looking, scientific, 
and holistic properties, and the construction completed will become the first-class modern 
of the province and the state. 
Hengnan County is economic County of Hunan Province in the four consecutive years, 
from 2007 to 2010. In 2010, the GDP of Hengnan County is 15.06 billion, the fiscal 
revenue is 686 million, and the fiscal revenue is averagely increased by more than 23% in 
the five years. 
In 2011, the GDP of Hengnan County is 18.802 billion Yuan, which is increased by 13.5% 
year on year; the total fiscal revenue carried out is 912 million Yuan, which is increased by 
610 million Yuan to that in 2006, the per-capita disposable income of the town urban 
residents is 16345 Yuan, the per capita net income of peasant is 8374 Yuan, which are 
respectively increased by 8072 Yuan and 4207 Yuan in relation to that in 2006; the work of 
new industrialization is ranked 17 in the target assessment of the whole province, the new 
industrial enterprises with the scale above is 4, and the total number of the industrial 
enterprises with the scale above is 123; the total output value of the industrial enterprises 
is 2.2473 billion Yuan, which is increased by 44.3% year on year; the added value carried 
out is 6.065 billion Yuan, which is increased by 21.2% year on year; the investment of 
fixed assets carried out is 4.397 billion Yuan, which is increased by 24.4% year on year; 
and the profit and tax carried out is 1.002 billion Yuan, which is increased by 62% year on 
year. 
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6. Actuality Survey and Assessment on Environment Quality  

6.1 Investigation on Regional Pollution Resources  

The Project intakes water from Leishui River, and the intake is located nearby Dukou 
Village in Hengnan County. According to, Hunan Environment Protection No.88 Letter 
[2002] On Establishing New Water Source Protection Area in Hengnan County of 
Hengyang, the 1100m river section from 1000m upstream to 100m downstream the 
proposed intake is regulated as Class I Protection Area of alternate source for drinking 
water, the 1200m river section from 2000m to 1000m upstream to 100m to 300m 
downstream the proposed intake is regulated as Class II Protection Area of alternate 
source for drinking water.  
Based on site investigation, there is no sewage discharge outlet in a range 3000m 
upstream to 300m downstream the proposed intake. The sewage discharge outlet of 
Hengyang Chunhui Chemical Industry Co., Ltd is located 4km upstream, the sewage 
discharge outlet of Chashi Town is located 600m downstream, the sewage discharge 
outlet of Luojiawan is located 2km downstream, and the ferry of Xiangyang Town is 4.5km 
upstream. All of these are not within Class I or Class II protection area of alternate source 
for drinking water.  
There is one sandstone yard within Class I Protection area of water source (on right bank 
about 20m upstream the intake).  
Main products of Hengyang Chunhui Chemical Industry Co., Ltd., located 4km upstream 
the proposed intake of this Project, include: ammonium bicarbonate (100,000 ton/year), 
liquid ammonia (20,000 ton/year), ammonia water (20,000 ton/year),  sodium formate 
(60,000 ton/year), methyl alcohol (8,000 ton/year), with wastewater discharge of 1.8 
million m3/a, and main pollution factors in wastewater are CODcr, SS, NH3-N, BOD5, 
animal and vegetable oils, S2, etc.  
To understand water quality of the discharged wastewater from Hengyang Chunhui 
Chemical Industry Co., Ltd, in April 25th, 2012, Environment Monitoring Centre of 
Hengyang was authorized to carry out sampling inspection on water quality at main 
sewage discharge outlet of Hengyang Chunhui Chemical Industry Co., Ltd. The testing 
results are as showed in Table 6-1.  
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Table 6.1 Testing Results of Water Quality at Main Sewage Discharge Outlet 
of Hengyang Chunhui Chemical Industry Co., Ltd, 

Sampling Location 

Monitoring Factors 

CODcr BOD5 NH3-N 
Animal & 
Vegetable 

 Oils 
S2- SS 

Waste 
Water 

Volume:
1.8 

million 
m3/a 

Main Sewage 
Discharge  
Outlet of 
Chunhui  

Tested Concentration 
(mg/L) 

75.4 15.6 113 0.09 0.40 30 

Quantity of Pollutant 
Discharged 

 (t/a) 
135.72 28.08 203.40 0.162 0.72 54.0 

Class I 
Standard in 

GB8978-1996  
 100 20 15 10 1.0 70 

 
As indicated by Table 6-1, concentration of ammonia nitrogen in discharge sewage of 
Chunhui is 6.53 times Class I standard in GB8978-1996, which has certain impacts on 
quality of intake water. Other monitoring factors are meeting with Class I standards in 
GB8978-1996.  

6.2 Actuality Survey and Assessment on Ambient Atmosphere 

Survey and assessment of ambient air quality adopts method integrating data collection 
and field monitoring.  
Data collected are routine monitoring data (January ~ December, 2011) from Environment 
Protection Bureau of Hengnan County (urban area). And Environmental Monitoring 
Center of Hengyang was authorized to carry out a period of actuality monitoring.  
(1) Monitoring Sites 
There are altogether three monitoring sites. Details refer to Table 6-2 and Attached Map 3. 
(2) Monitoring Items 
It includes TSP, SO2 and NO2. 
Table 6-2    List of Monitoring Sites for Actuality Survey of Ambient Air Quality 

No. Name of Monitoring Site Location of Monitoring Site 
A1 Residential Area of Dukou Village 120m northwest to intake pump 

A2 (Routine 

Monitoring Site) 

Environmental Protection Bureau of 

Hengnan County 

On the left side 800m to K6.5km 

along the pipeline 

A3 Residential Area of Chejiang Town On the left side 100m to K20km 

along the pipeline 

(3) Date and Frequency of the Monitoring 
Actuality monitoring on atmosphere was carried out from April 7th to 14th, 2012, a 
continuous monitoring of seven days. Daily mean concentration of SO2 and NO2 required 
sampling time at least 18h every day; and daily mean concentration of TSP required 
sampling time at least 12h every day.  
Meanwhile, general meteorological parameters, such as wind direction, wind velocity, air 
pressure, atmospheric temperature, etc., are observed and recorded every hour.  
(4) Sampling and Analysis Method  
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Sampling method is carried out as per provisions in Technical Specifications for 
Ambient Air Quality and Monitoring (HJ-T194-2005); details of analysis method refer to 
Table 6-3.  
Table 6-3          List of Analysis Methods for Pollutant Monitoring  

Name of Pollutant Analysis Method  Reference 

SO2 Spectrophotometry of pararosaniline absorbed by formaldehyde  HJ 482-2009 

NO2 Spectrophotometry of hydrochloric acid naphthyl ethylenediamine HJ 479-2009 

TSP Gravimetric Method GB/T15432-1995

(5) Analysis on Monitoring Results 
Results of actuality monitoring on ambient air quality refer to Table 6-4.  
Table 6-4      Monitoring Results of Daily Mean Concentration of Ambient Air  

Monitoring 
Factor 

Monitoring  
Site 

Range of Daily Mean 
Concentration 

(mg/m3) 

Mean Value 
(mg/m3) 

Reference 
value 

(mg/m3) 

Over-limit 
Ratio 
(%) 

Max. 
Exceeding 

Times 

SO2 
A1 0.004L-0.008 0.005 

0.15 
0 / 

A2 0.027-0.090 0.067 0 / 
A3 0.004L-0.009 0.007 0 / 

NO2 
A1 0.008-0.024 0.018 

0.12 
0 / 

A2 0.020-0.098 0.068 0 / 
A3 0.009-0.040 0.027 0 / 

TSP 
A1 0.064-0.148 0.101 

0.3 
0 / 

A2 0.070-0.134 0.091 0 / 
A3 0.084-0.208 0.126 0 / 

 
This assessment is carried out as per Class II standards in Ambient Air Quality 
Standard (GB3095-1996). As indicated in Table 6-4, daily mean concentrations of TSP, 
SO2 and NO2 in each monitoring site during the monitoring period are meeting with Class 
II standards in Ambient Air Quality Standard (GB3095-1996). Ambient air quality of this 
region is in good conditions.  

6.3 Actuality Survey and Assessment on Surface Water Environment  

6.3.1 Hydrologic Data 
Water source for New Water Source Project of Hengnan County is taken from Leishui 
River. Based on 1953~2010 measured data from Leiyang Hydrologic Station, mean 
annual discharge of Leishui River is 268m3/s, maximum annual discharge measured over 
the years is 453m3/s (1961), minimum annual discharge measured over the years is 
78.0m3/s (1996), maximum peak discharge measured over the years is 7360m3/s (July, 
2006), and minimum discharge measured over the years is 17.9m3/s (Sep. 28th, 1966).  
Intake of this Project is located in reservoir area of Baiyutan Hydropower Station. 
Minimum elevation at river section where the intake head locates is 54.274m, which is 
lower than the dead water level (55.047m) of Baiyutan Hydropower Station (normal water 
level is 56.047m). Catchment area upstream the intake is 11,008km2.  
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6.3.2 Actuality Survey and Assessment on Surface Water Environment  
The proposed Project intakes water from reservoir area of Baiyutan Hydropower Station, 
and the intake is about 23,000m upstream the dam of Baiyutan Hydropower Station. 
Survey and assessment of surface water environment adopts method integrating data 
collection and actuality monitoring.  
(1) Monitoring Section 
S1 Section: Leishui River section 3,500m upstream the proposed intake (actuality 
monitoring);  
S2 Section: Leishui River section 1,500m upstream the proposed intake (actuality 
monitoring);  
S3 Section: Leishui River section 50m upstream the proposed intake (actuality 
monitoring);  
S4 Section: Leishui River section 200m downstream the proposed intake (actuality 
monitoring);  
S5 Section: Leishui River section 50m upstream No.2 intake (at Yangjiaping) of alternative 
water source (actuality monitoring);  
S6 Section: Xiangjiang River section 50m upstream bridge of Yunji Town (collecting 2011 
routine monitoring data of this section in Hengnan County).  
Detailed locations of above monitoring sections refer to Attached Map 3.  
(2) Monitoring Items of Water Quality  
Monitoring items of each section refer to Table 6-5.  
Table 6-5    Actuality Monitoring Items of Surface Water Environment Quality  

Category Monitoring Section Monitoring Item 

Surface  
Water 

Leishui 
River 

S1-S5 

All items prescribed in Table 1 and 2 of GB3838-2002, 28 items in total. 
(pH, F-, Cr6+, BOD5, sulfide, chloride, nitrate, permanganate index, 
CODCr, ammonia nitrogen, anion active agent, total phosphorus, total 
nitrogen, As, Se, Hg, Cu, Pb, Cd, Fe, Mn, Zn, sulfate, volatile phenol, 
cyanide, dissolved oxygen, petroleum oil, fecal coliforms) 

Xiangjiang 
River 

S6 
pH, dissolved oxygen, permanganate index, ammonia nitrogen, total 
phosphorus, Cu, Zn, As, Cd, Cr6+, Pb, Mn, volatile phenol, cyanide, 
anion active agent, sulfide. 16 items in total.  

 
(3) Date and Frequency of the Monitoring 
S1-S5 Section: the monitoring was carried out from April 24th to 26th, 2012, a continuous 
monitoring of three days (monitoring on fecal coliforms only lasts one day). Samplings are 
respectively taken from two sampling points with appreciable flows from left and right 
banks.  
S6 Section: the monitoring was carried out from January to December, 2011, one time 
every month. Mixed samplings are taken from left and right sampling points.  
(4) Sample Collection, Storage and Analysis  
Collection, storage and analysis of the samples are carried out as per provisions in 
Quality Control Manual of Water Quality Monitoring and Technical Specifications 
Requirements for Monitoring of Surface Water and Waste Water (HJ/T191-2002).  
(5) Assessment Standards  
S3 Section is located within Class I protection area of drinking water source in the 
recommended scheme of this proposed New Water Source Project, S5 Section is located 
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in intake point of the alternative scheme, and S6 Section is located within Class I 
protection area of drinking water source for Water Plant of Hengnan County. Therefore, 
S3 Section, S5 Section and S6 Section are in comply with Class II standards in 
Environmental Quality Standard for Surface Water (GB3838-2002), other sections are 
in comply with Class III standards in GB3838-2002.  
(6) Assessment Method  
Mathematical statistics methods are adopted, i.e. relevance ratio, over-limit ratio, maximal 
excess multiples, etc.  
(7) Statistical Analysis on Results of Water Quality Monitoring  
Results and analysis on actuality monitoring of water quality refer to Table 6-6 to Table 
6-11.  
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Table 6-6 Actuality Monitoring and Assessment of 
Water Quality at S1 Section of Leishui River 

Sampling 

Section 

Monitoring 

Item 

concentration range(mg/L) 
Relevance 

Ratio 

(%) 

Max. 

Excess 

Multiples 

Over 

Limit 

Ratio 

(%) 

Reference 

Value of Class 

III in 

GB3838-2002 

Left Right 

S1 Section 

pH 7.25-7.47 7.27-7.48 100 / 0 6～9 

DO 7.6-8.8 7.4-8.2 100 / 0 ≥5 

CODMn 2.6-3.0 2.8-3.0 100 / 0 ≤6 

NH3-N 0.183-0.219 0.191-0.228 100 / 0 ≤1.0 

Total 

Nitrogen 
2.18-2.31 2.02-2.27 100 1.31 100 ≤1.0 

Total 

Phosphorus 
0.05-0.07 0.05-0.10 100 / 0 ≤0.2 

F- 0.46-0.54 0.47-0.50 100 / 0 ≤1.0 

Cu 0.01L 0.01L 0 / 0 ≤1.0 

Cd 0.0012-0.0033 0.0016-0.0035 100 / 0 ≤0.005 

Pb 0.0035-0.0088 0.0024-0.0109 100 / 0 ≤0.05 

Zn 0.03-0.05 0.04-0.04 100 / 0 ≤1.0 

Se 0.00009L 0.00009L 0 / 0 ≤0.01 

CN- 0.004L 0.004L 0 / 0 ≤0.02 

Cr6+ 0.004L 0.004L 0 / 0 ≤0.05 

BOD5 1.6-3.1 1.7-3.0 100 / 0 ≤4.0 

CODcr 8.43-13.1 6.19-9.27 100 / 0 ≤20 

As 0.011-0.017 0.009-0.017 100 / 0 ≤0.05 

Volatile 

Phenol 
0.0003L 0.0003L 0 / 0 ≤0.005 

Nitrate 1.77-1.91 1.75-1.90 100 / 0 ≤10 

Chloride 4.15-4.95 4.08-4.51 100 / 0 ≤250 

Sulfate 31.4-37.5 30.5-35.1 100 / 0 ≤250 

Fe 0.16-0.25 0.24-0.26 100 / 0 ≤0.3 

Mn 0.02-0.04 0.03-0.05 100 / 0 ≤0.1 

Hg 0.00005L 0.00005L 0 / 0 ≤0.0001 

LAS 0.05L 0.05L 0 / 0 ≤0.2 

S2- 0.017-0.027 0.016-0.024 100 / 0 ≤0.2 

Petroleum 0.005L 0.005L 0 / 0 ≤0.05 

Fecal 

Coliforms 

(number/L) 

35000 13000 100 2.5 100 ≤10000 

 “L” in the Table means lower than detection limit. Similarly hereinafter.  
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Table 6-7 Actuality Monitoring and Assessment of 
Water Quality at S2 Section of Leishui River 

Sampling 

Section 

Monitoring 

Item 

concentration range(mg/L) 
Relevance 

Ratio 

(%) 

Max. 

Excess 

Multiples 

Over 

Limit 

Ratio 

(%) 

Reference 

Value of Class 

III in 

GB3838-2002 

Left Right 

S2 Section 

pH 7.27-7.48 7.25-7.42 100 / 0 6～9 

DO 6.8-7.9 6.7-8.1 100 / 0 ≥5 

CODMn 2.7-3.6 2.7-4.2 100 / 0 ≤6 

NH3-N 0.259-0.291 0.237-0.251 100 / 0 ≤1.0 

Total 

Nitrogen 
2.21-2.49 2.16-2.41 100 1.41 100 ≤1.0 

Total 

Phosphorus 
0.04-0.08 0.04-0.06 100 / 0 ≤0.2 

F- 0.50-0.52 0.47-0.51 100 / 0 ≤1.0 

Cu 0.01L 0.01L 0 / 0 ≤1.0 

Cd 0.0011-0.0045 0.0013-0.0040 100 / 0 ≤0.005 

Pb 0.0020-0.0074 0.0035-0.0088 100 / 0 ≤0.05 

Zn 0.02-0.03 0.03-0.03 100 / 0 ≤1.0 

Se 0.00009L 0.00009L 0 / 0 ≤0.01 

CN- 0.004L 0.004L 0 / 0 ≤0.02 

Cr6+ 0.004L 0.004L 0 / 0 ≤0.05 

BOD5 1.5-2.3 1.4-2.2 100 / 0 ≤4.0 

CODcr 7.29-8.11 7.13-12.0 100 / 0 ≤20 

As 0.011-0.019 0.009-0.036 100 / 0 ≤0.05 

Volatile 

Phenol 
0.0003L 0.0003L 0 / 0 ≤0.005 

Nitrate 1.88-1.92 1..76-1.92 100 / 0 ≤10 

Chloride 4.05-4.43 4.43-4.70 100 / 0 ≤250 

Sulfate 31.8-35.0 30.4-35.5 100 / 0 ≤250 

Fe 0.13-0.21 0.17-0.22 100 / 0 ≤0.3 

Mn 0.02-0.03 0.02-0.04 100 / 0 ≤0.1 

Hg 0.00005L 0.00005L 0 / 0 ≤0.0001 

LAS 0.05L 0.05L 0 / 0 ≤0.2 

S2- 0.016-0.022 0.019-0.026 100 / 0 ≤0.2 

Petroleum 0.005L 0.005L 0 / 0 ≤0.05 

Fecal 

Coliforms 

(number/L) 

1700 500 100 / 0 ≤10000 
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Table 6-8 Actuality Monitoring and Assessment of 
Water Quality at S3 Section of Leishui River 

Sampling 

Section 

Monitoring 

Item 

concentration range(mg/L) 
Relevance 

Ratio 

(%) 

Max. 

Excess 

Multiples 

Over 

Limit 

Ratio 

(%) 

Reference 

Value of Class II 

in 

GB3838-2002 

Left Right 

S3 Section 

pH 7.23-7.43 7.23-7.43 100 / 0 6～9 

DO 7.2-8.3 6.7-8.1 100 / 0 ≥6 

CODMn 3.9-4.4 3.9-4.6 100 0.15 66.7 ≤4 

NH3-N 0.251-0.288 0.257-0.293 100 / 0 ≤0.5 

Total 

Nitrogen 
0.15-0.24 0.14-0.26 100 / 0 ≤0.5 

Total 

Phosphorus 
0.05-0.08 0.04-0.07 100 / 0 ≤0.1 

F- 0.47-0.50 0.47-0.52 100 / 0 ≤1.0 

Cu 0.01L 0.01L 0 / 0 ≤1.0 

Cd 0.0012-0.0018 0.0008-0.0028 100 / 0 ≤0.005 

Pb 0.0022-0.0081 0.0015-0.0080 100 / 0 ≤0.01 

Zn 0.03-0.03 0.03-0.04 100 / 0 ≤1.0 

Se 0.00009L 0.00009L 0 / 0 ≤0.01 

CN- 0.004L 0.004L 0 / 0 ≤0.05 

Cr6+ 0.004L 0.004L 0 / 0 ≤0.05 

BOD5 1.2-1.6 0.9-1.5 100 / 0 ≤3.0 

CODcr 6.86-9.07 7.52-10.3 100 / 0 ≤15 

As 0.007-0.015 0.007-0.026 100 / 0 ≤0.05 

Volatile 

Phenol 
0.0003L 0.0003L 0 / 0 ≤0.002 

Nitrate 1.78-1.94 1.76-1.98 100 / 0 ≤10 

Chloride 4.17-4.54 4.52-4.67 100 / 0 ≤250 

Sulfate 30.5-35.7 30.8-35.4 100 / 0 ≤250 

Fe 0.15-0.24 0.14-0.26 100 / 0 ≤0.3 

Mn 0.01-0.03 0.01-0.03 100 / 0 ≤0.1 

Hg 0.00005L 0.00005L 0 / 0 ≤0.00005 

LAS 0.05L 0.05L 0 / 0 ≤0.2 

S2- 0.021 0.023 100 / 0 ≤0.1 

Petroleum 0.005L 0..005L 0 / 0 ≤0.05 

Fecal 

Coliforms 

(number/L) 

13000 4600 100 5.5 100 ≤2000 
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Table 6-9 Actuality Monitoring and Assessment of 
Water Quality at S4 Section of Leishui River 

Sampling 

Section 

Monitoring 

Item 

concentration range(mg/L) 
Relevance 

Ratio 

(%) 

Max. 

Excess 

Multiples 

Over 

Limit 

Ratio 

(%) 

Reference 

Value of Class 

III in 

GB3838-2002 

Left Right 

 

 

 

S4 Section 

 

 

pH 7.21-7.31 7.20-7.32 100 / 0 6～9 

DO 6.7-8.0 6.6-7.4 100 / 0 ≥5 

CODMn 3.3-4.3 3.4-4.3 100 / 0 ≤6 

NH3-N 0.452-0.559 0.468-0.514 100 / 0 ≤1.0 

Total 

Nitrogen 
2.64-2.93 2.59-2.91 100 1.91 100 ≤1.0 

Total 

Phosphorus 
0.04-0.07 0.06-0.07 100 / 0 ≤0.2 

F- 0.48-0.52 0.49-0.52 100 / 0 ≤1.0 

Cu 0.01L 0.01L 0 / 0 ≤1.0 

Cd 0.0014-0.0021 0.0004-0.0022 100 / 0 ≤0.005 

Pb 0.0014-0.0094 0.0047-0.0129 100 / 0 ≤0.05 

Zn 0.02-0.03 0.03-0.04 100 / 0 ≤1.0 

Se 0.00009L 0.00009L 0 / 0 ≤0.01 

CN- 0.004L 0.004L 0 / 0 ≤0.02 

Cr6+ 0.004L 0.004L 0 / 0 ≤0.05 

BOD5 1.5-1.8 1.2-1.6 100 / 0 ≤4.0 

CODcr 8.51-9.53 7.46-8.36 100 / 0 ≤20 

As 0.015-0.026 0.015-0.021 100 / 0 ≤0.05 

Volatile 

Phenol 
0.0003L 0.0003L 0 / 0 ≤0.005 

Nitrate 1.96-2.15 1.94-2.24 100 / 0 ≤10 

Chloride 4.33-5.07 4.50-5.25 100 / 0 ≤250 

Sulfate 32.2-36.3 31.2-35.8 100 / 0 ≤250 

Fe 0.15-0.25 0.19-0.26 100 / 0 ≤0.3 

Mn 0.02-0.02 0.03-0.04 100 / 0 ≤0.1 

Hg 0.00005L 0.00005L 0 / 0 ≤0.0001 

LAS 0.05L 0.05L 0 / 0 ≤0.2 

S2- 0.019-0.023 0.021-0.026 100 / 0 ≤0.2 

Petroleum 0.005L 0.005L 0 / 0 ≤0.05 

Fecal 

Coliforms 

(number/L) 

7900 13000 100 0.3 50 ≤10000 
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Table 6-10 Actuality Monitoring and Assessment of 
Water Quality at S5 Section (No.2 Water Source) of Leishui River 

Sampling 

Section 

Monitoring 

Item 

concentration range(mg/L) 
Relevance 

Ratio 

(%) 

Max. 

Excess 

Multiples 

Over 

Limit 

Ratio 

(%) 

Reference 

Value of Class II 

in 

GB3838-2002 

Left  Right 

S5 Section 

pH 7.20-7.34 7.22-7.34 100 / 0 6～9 

DO 7.3-8.2 7.0-8.3 100 / 0 ≥6 

CODMn 4.0-4.2 4.2-4.5 100 0.125 83.3 ≤4 

NH3-N 0.248-0.262 0.271-0.305 100 / 0 ≤0.5 

Total 

Nitrogen 
2.34-2.98 2.39-2.82 100 / 0 ≤0.5 

Total 

Phosphorus 
0.05-0.09 0.07-0.08 100 / 0 ≤0.1 

F- 0.51-0.52 0.50-0.52 100 / 0 ≤1.0 

Cu 0.01L 0.01L 0 / 0 ≤1.0 

Cd 0.0011-0.0024 0.0013-0.0032 100 / 0 ≤0.005 

Pb 0.0023-0.0081 0.0040-0.0102 100 / 0 ≤0.01 

Zn 0.02-0.04 0.02-0.04 100 / 0 ≤1.0 

Se 0.00009L 0.00009L 0 / 0 ≤0.01 

CN- 0.004L 0.004L 0 / 0 ≤0.05 

Cr6+ 0.004L 0.004L 0 / 0 ≤0.05 

BOD5 1.6-3.0 1.8-3.3 100 / 0 ≤3.0 

CODcr 7.60 8.51 100 / 0 ≤15 

As 0.011-0.022 0.011-0.026 100 / 0 ≤0.05 

Volatile 

Phenol 
0.0003L 0.0003L 0 / 0 ≤0.002 

Nitrate 1.97-2.46 1.99-2.20 100 / 0 ≤10 

Chloride 4.54-5.23 4.46-5.01 100 / 0 ≤250 

Sulfate 32.5-36.0 32.0-36.6 100 / 0 ≤250 

Fe 0.15-0.29 0.21-0.24 100 / 0 ≤0.3 

Mn 0.01-0.04 0.02-0.03 100 / 0 ≤0.1 

Hg 0.00005L 0.00005L 0 / 0 ≤0.00005 

LAS 0.05L 0.05L 0 / 0 ≤0.2 

S2- 0.023-0.024 0.018-0.023 100 / 0 ≤0.1 

Petroleum 0.005L 0.005L 0 / 0 ≤0.05 

Fecal 

Coliforms 

(number/L) 

4900 13000 100 5.5 100 ≤2000 
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Table 6-9 Actuality Monitoring and Assessment of 
Water Quality at S6 Section of Xiangjiang River (Jan.~Dec. 2011) 

Sampling 

Section 

Monitoring 

Item 

concentration 

Range(mg/L) 

Relevance 

Ratio 

(%) 

Over Limit 

Ratio 

(%) 

Max. 

Excess 

Multiples 

Reference Value of 

Class II in 

GB3838-2002 

S6 

Section 

pH 6.89-7.47 100 0 / 6～9 

DO 6.4-8.0 100 0 / ≥6 

CODMn 1.84-3.10 100 0 / ≤4 

NH3-N 0.026-0.421 100 0 / ≤0.5 

Total 

Phosphorus 
0.019-0.039 100 0 / ≤0.1 

Cu 0.006L 0 0 / ≤1.0 

Cd 0.001L-0.0035 83.3 0 / ≤0.005 

Pb 0.01L 0 0 / ≤0.05 

Zn 0.05L 0 0 / ≤1.0 

CN- 0.004L 0 0 / ≤0.05 

Cr6+ 0.002L 0 0 / ≤0.05 

As 0.001L 0 0 / ≤0.05 

Volatile Phenol 0.002L 0 0 / ≤0.002 

Mn 0.01L 0 0 / ≤0.1 

LAS 0.05L 0 0 / ≤0.2 

S2- 0.02L 0 0 / ≤0.1 

 
As indicated by the monitoring statistic results in Table 6-6 to 6-11:  
(1) During the monitoring period, total nitrogen and fecal coliforms at S1 Section of Leishui 

River are over the limits, with over-limit ratio of 100%; maximal excess multiples of 
total nitrogen is 2.5 and excess multiples of total coliforms is 2.5. Other monitoring 
factors are meeting with Class III standards in Environmental Quality Standard for 
Surface Water (GB3838-2002). 

(2) During the monitoring period, total nitrogen at S2 Section of Leishui River is over the 
limit, with over-limit ration of 100% and maximal excess multiples of 1.41. Other 
monitoring factors are meeting with Class III standards in Environmental Quality 
Standard for Surface Water (GB3838-2002).  

(3) S3 Section of Leishui River is the recommended location of water intake source in 
feasibility study of this Project. During the monitoring period, permanganate index and 
fecal coliforms at S3 Section of Leishui River are over the limits, with 66.7% over-limit 
ratio of permanganate index and maximal excess multiples of 0.15, and 100% 
over-limit ratio of total coliforms and maximal excess multiples of 5.5. Other monitoring 
factors are meeting with Class II standards in Environmental Quality Standard for 
Surface Water (GB3838-2002). 

(4) During the monitoring period, total nitrogen and fecal coliforms at S4 Section of Leishui 
River are over the limits, with 100% over-limit ratio of total nitrogen and maximal 
excess multiples of 1.91, and 50% over-limit ratio of total coliforms and maximal 
excess multiples of 0.3. Other monitoring factors are meeting with Class III standards 
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in Environmental Quality Standard for Surface Water (GB3838-2002). 
(5) S5 Section of Leishui River is the alternative water source point of this Project. During 

the monitoring period, permanganate index and fecal coliforms at S5 Section of 
Leishui River are over the limits, with 83.3% over-limit ratio of permanganate index 
and maximal excess multiples of 0.125, and 100% over-limit ratio of total coliforms 
and maximal excess multiples of 5.5. Other monitoring factors are meeting with Class 
II standards in Environmental Quality Standard for Surface Water (GB3838-2002). 

(6) As indicated by the collected historical monitoring data, all monitoring factors at S6 
Section of Xiangjiang River are meeting with Class II standards in Environmental 
Quality Standard for Surface Water (GB3838-2002). 

To sum up, actualities of the regional water quality are: permanganate index and fecal 
coliforms at recommended water intake source and alternative water intake source are 
both over the limits prescribed in Class II standards in Environmental Quality Standard 
for Surface Water (GB3838-2002). Other monitoring factors are meeting with Class II 
standards in Environmental Quality Standard for Surface Water (GB3838-2002). 
Water qualities at recommended water intake source and alternative water intake source 
have little differences. Total nitrogen and fecal coliforms at S1 Section, total nitrogen at S2 
Section, and total nitrogen and fecal coliforms at S4 Section are all over the limits at 
different levels.  
Reasons for the over limits of above factors are relating to uncontrolled discharge of 
domestic sewage at upstream areas. With the implementation of this Project, quality of the 
intake water will be improved through strengthening sewage discharge management 
within terrestrial range and water range in the protection area of drinking water source.  

6.4 Actuality Monitoring and Assessment on Ground Water Environment 

This assessment authorized Environmental Monitoring Centre of Hengyang to carry out a 
period monitoring on ground water.  
(1) Layout of Monitoring Sites  
Based on engineering characteristics, one monitoring site is set respectively in Dukou 
Village nearby proposed pump station of this Project and Yangshuiping Village in Chejiang 
Town along the pipeline. Well waters are sampled for analysis.  
(2) Monitoring Items  
Monitoring items includes ten items, i.e. pH, CODMn, ammonia nitrogen, As, Cu, Pb, Cd, 
Zn, nitrate, and total hardness.  
(3) Data and Frequency of the Monitoring  
The monitoring lasts only one day, in April 7th, 2012.  
(4) Monitoring Results  
Details of the actuality monitoring results of ground water environment quality refer to 
Table 6-12.  
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Table 6-12   Monitoring Results and Assessment of Ground Water Environment 
(Unit: mg/L, pH Non-dimensional) 

Site 
Monitoring  

Items 
pH CODMn Cd As Cu Pb Zn NO3

- 
Total 

Hardness 

Ammonia 

Nitrogen

Well 

Water of 

Dukou 

Village 

Monitored 

Concentration 
6.17 2.0 0.0002 0.007L 0.01L 0.0029 0.06 7.26 115 0.025L 

Excess 

Multiples 
0 0 0 0 0 0 0 0 0 0 

Well 

Water of 

Hengxing 

Village 

Monitored 

Concentration 
5.64 2.1 0.0005 0.007L 0.01L 0.0020 0.02 1.20 13.0 0.025L 

Excess 

Multiples 
/ 0 0 0 0 0 0 0 0 0 

GB/T14848-93 Class III 6.5-8.5 3.0 0.01 0.05 1.0 0.05 1.0 20 450 0.2 

 
As monitoring results in Table 6-12 indicated, all monitoring factors in well water of Dukou 
Village nearby proposed pump station of this Project are not over the limits prescribed in 
Class III standards in Quality Standards for Ground Water Environment 
(GB/T14848-93). Well water from Yangshuiping Village of Chenjiang Town is a little acid, 
which is related to background value of regional water quality. Other monitoring factor are 
all not over the limits prescribed as Class III standards in Quality Standards for Ground 
Water Environment (GB/T14848-93). 

6.5 Actuality Survey and Assessment on River Sediment Environment 

To understand actualities of river sediment environment at river section of Leishui River 
where the water intake pump station located, Environmental Monitoring Centre of 
Hengyang was authorized to carry out a period of monitoring.  
(1) Monitoring Items  
There are eight items in total, i.e. pH, As, Cu, Pb, Cd, Hg, Zn, and total Cr.  
(2) Data and Frequency of the Monitoring  
One-time sampling was carried out in April 8th, 2012.  
(3) Monitoring Results  
Data of actuality monitoring for river sediment refer to Table 6-13.  
Table 6-13   Monitoring Results and Assessment of Leishui River Sediment  

(Unit: mg/kg, pH Non-dimensional) 

Type Monitoring Site 
Item Analyzed 

As Cu Pb Cd Zn Hg Cr 

River 
Sediment 

Leishui River 
Section at 

Water Intake 
Pump Station 

Left 37.3 58.4 128 0.061 139 0.135 14.84 

Right 7.65 29.1 53.4 0.102 82.2 0.132 13.77 

Dahetan 
Section of 

Leishui River 
(2010 Routine 

Monitoring) 

Left 71.9 44.3 129 5.17 86 0.086 16.3 

Right 88.4 43.4 193 9.12 329 0.067 12.3 
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(4) Results Analysis  
Due to condition limitations, this assessment does not include cylinder pore sampling, 
only surface sediment is sampled. Though certain transient exists in surface sediment, it 
can reflect basic conditions of bottom sediments. There is no evaluation standard for river 
sediments, the 2010 routine monitoring values at Dahetan Section of Leishui River are 
taken as reference values for this assessment. As indicated in Table 6-13, accumulation 
amounts of As, Pb and Cd in surface sediment of Leishui are smaller than those at 
Dahetan Section in upstream area, while accumulation amounts of Cu, Zn, Hg, and Cr are 
larger than those at Dahetan Section . 

6.6 Actuality Survey and Assessment on Acoustic Environment Quality 

Based on engineering characteristics, filed monitoring was carried out for acoustic 
environment quality at sensitive points, such as residential areas nearby water intake 
pump station and along pipeline. This monitoring was carried out by Environmental 
Monitoring Centre of Hengyang.  
(1) Monitoring Items 
LAeq (dB(A)) 
(2) Monitoring Points  
There are altogether 8 monitoring points of acoustic environment. Details refer to Table 
6-14 and Attached Map 3.  
(3) Data and Frequency of the Monitoring  
The monitoring was carried out from April 10th to 11th, 2012, a continuous monitoring of 
two days. Each day includes two monitoring period respectively in day and night.  
The monitoring was carried out in accordance with method and requirements prescribed 
in Environment Quality Standard for Noise (GB3096-2008).  
(4) Monitoring Results and Analysis  
Results of actuality monitoring of acoustic environment quality refer to Table 6-14.  
The N5-N8 monitoring points are located within 30m range on both sides of the road, 
which shall be assessed as per Class 4a Standards in Environment Quality Standard 
for Noise (GB3096-2008), and other monitoring points are assessed as per Class 2 
Standards. As indicated by the monitoring results, acoustic environments in areas nearby 
pump station and along the pipeline are in meeting the Class 2 and Class 4a standards in 
Environment Quality Standard for Noise (GB3096-2008).  
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Table 6-14              Monitoring Results of Acoustic Environments 

Monitoring Time 
Monitoring Point 

Day Time Night Time Remark 

April 10th  April 11th  April 10th  April 11th  

Class 2 

N1 
Dukou Village 120m northwest of 
Pump Station 

52.6 51.0 46.1 45.8 

N2 
Dukou Village 120m northeast of 
Pump Station 

53.1 52.2 47.2 47.1 

N3 Heshi Village along the Pipeline 53.2 53.3 46.9 46.6 

N4 
Hengyang Industry Vocational 
School along the Pipeline 

53.7 54.2 47.7 47.6 

N5 
Residential Area 1 of Yunji Town 
along the Pipeline 

63.4 64.2 51.7 50.6 

Class 
4a 

N6 
Residential Area 2 of Yunji Town 
along the Pipeline 

62.5 64.5 50.8 51.0 

N7 
Yangshuiping Village along the 
Pipeline 

58.4 57.5 48.4 48.8 

N8 
Residential Area of Chejiang 
Town along the Pipeline 

62.6 61.3 49.5 50.1 

Class 2 Standards 60 50 
Class 4a Standards 70 55 

6.7 Actuality Survey and Assessment of Ecological Environment Quality 

(1) Actuality of Ecological Environment at the Proposed Site of Water Intake Pump Station 
The proposed water intake pump station has a site area of 172m2. Based on field 
investigation, land use actuality at the proposed pump station site is arable land (but not 
prime cropland). The area where the proposed pump station located presents typical rural 
ecological environment, and the vegetations mainly include secondary vegetation and 
farm crops. There is no apparent water and soil loss. Main wild lives include vole, frog, 
snake, tit, etc., there is no national protected rare wild animals observed. Aquatic fishes in 
Leishui River mainly include the four major Chinese carps (black carp, grass carp, 
cyprinoid, and crucian carp). In general, ecological environment in this area is in good 
conditions (refer to followed picture).  

 

Fig. 6-1 Actuality of Proposed Site for Water Intake Pump Station 
 
(2) Actuality of Ecological Environment along Pipe Network  
After the water source point, the pipeline is placed to Water Plant of Hengnan County, Air 
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Defense Brigade and Water Plant of Chejiang Town basically along existing village road, 
county road and national road, with total pipeline length of 20,555m. Detailed route is: 
intake point, Dukou Village, Provincial Rd S316, Heshi Village, National Rd G107, existing 
railway bridge culvert nearby Zhongjiantan, Yunji Avenue, Water Plant of Hengnan County, 
River-crossing Bridge of Hengnan County, Yunji Avenue, Water Plant of Air Defense 
Brigade, Yunji Avenue, Provincial Rd S214, Water Plant of Chejiang Town.  
Based on filed investigation, the 500m pipeline between Dukou Village and Provincial Rd 
S316 crosses prime cropland (details refer Fig. 6-2); the 3000m pipeline between Heshi 
Village and National Rd G107 crosses protected road slopes with high vegetation 
coverage and favorable ecology; and the pipeline at railway bridge culvert section nearby 
Zhongjiantan shall cross beneath National Rd G107 and current railway bridge culvert 
(details refer to Fig. 6-3). Other sections of the pipeline are placed along shoulders of 
existing village road, county road and national road. Areas on both sides of the roads are 
farmland, villages and towns (details refer to 6-4).  

 

Fig.6-2 Prime Cropland between Dukou Village and Provincial Rd S316 

 
Fig.6-3 Railway Bridge Culvert nearby Zhongjiantan 
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Fig.6-4 Actuality along the Pipeline 
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7. Prediction and Analysis of Environment Impact  

7.1. Prediction and Analysis of Environment Impact during Construction 

7.1.1 Environmental Impact during Construction 
Exhaust gas caused during construction period mainly consists of fugitive dust, machinery 
waste gas, and vehicle exhaust.  
Diesel oil is used for construction machinery and vehicle, the tail gas mainly includes CO, 
hydrocarbon, and NOx. The exhausted pollutants diffuse very well, it suggests to 
maintains the machinery during construction, promote fuel utilization efficiency. The waste 
gas produced from machinery and vehicle will not bring obvious impact on environment. 
The construction dust mainly come from road cutting, earth excavation, leveling of trench 
bottom, trench backfill, concrete blending, transport and pile of construction material (lime, 
cement, sand, stone, brick), cleaning and piling of construction rubbish, fugitive dust from 
transport. 
The fugitive dust volume is related to water content and wind speed; the dust affected 
scope and concentration has relation with wind speed, soil exposed area, and grain size. 
Analogy survey shows that when the mean wind speed is 2.5m/s, the affected scope is 
within 100m at down wind direction of construction place. If not take prevention 
measurement in sunny days, the fugitive dust, under action of natural wind, will bring large 
affect to the air quality and residents living within 100m alongside pipeline. Therefore, it 
requests to spay water, cover the storage yard, clean the road dust, sectional construction, 
backfill timely, reduce spoils storage time, enclose the sensitive waste piling area, conduct 
local de-dust treatment to such key dusting place as mucking and blending area. These 
measurements could reduce dust pollution, and will not bring obvious affect to the air 
quality. 
7.1.2 Noise Impact Analysis during Construction Period 
Construction noise produced from machinery operation and transportation. When 
bulldozer, excavator (for pump station work), cutting machine, percussion drilling machine, 
road breaker, electric vibrator in operation, the noise level reach to 81~98dB（A） at 1-5m 
away from the noise source. If not take prevention measurement, these noises will cause 
large impact on the surrounding sound environment. Truck transportation noise is 87dB 
(A), which having big affect on the key spot on the transport way. 
In order to prevent noise disturbance, it require to use low-noise machinery, and arrange 
reasonable work time, avoid working at 12:00～14:00 and 22:00~6:00. Centralize the 
fixed noise source, and keep away it from the sensitive affected place. Arrange the 
transport route of heavy truck avoid noise sensitive area, reduce traffic jam. These 
measurements could effectively control the noise affect on surrounding environment 
during construction period. 
This project mainly includes pipe linear layout, conduct sectional construction at scattering 
work places. Period of individual pipe work is not long. It shall get understanding from 
local residents during construction, so as to avoid conflict, the noise will vanish with work 
completion. 
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7.1.3 Water environmental Impact Analysis during Construction Period 
The waste water during construction period comes from construction waste water and 
domestic waste water. 
The construction waste water is produced during sandstone processing, concrete 
blending, pipe pressure test, and repair & flushing of machinery, and maintenances. The 
construction wastewater contains petroleum contaminants and much suspended matter. 
As the wastewater is in scattering distribution, hard to be treated, it suggests to building 
temporary sedimentation basin at each work area. After more than 6 hours sedimentation 
treatment, the water could be cycling used for processing of sandstone, concrete blending 
and greening, and de-dust spraying.  
Domestic wastewater comes from staff catering wastewater and fecal sewage; the main 
pollutants are CODcr, BOD5, and fats &vegetable oil. The domestic water discharge is 
8m3/d. During construction period, the domestic sewage concentrate at the living camp 
area, it could build temporary sedimentation basin at the living camp area, and the treated 
water could be used for road de-dusting. Regarding the scattering distributed excreta, it 
could build temporary pit toilet for compost treatment, which will not bring obvious affect 
on the water environment. 
7.1.4 Solid Waste Impact Analysis during Construction Period 
The solid wastes during construction period include construction spoils and domestic 
rubbish. 
According to the construction plan, the excavation quantity is 82844m3, filling is 58424 
m3 and spoil is 24420m3, all are transported to designated spoil yard. The spoil soil shall 
be backfilled and cleared away timely, so as to reduce storage time and prevent second 
pollution by water& soil loss and dust, and affection to the landscape environment. The 
spoil transportation shall avoid peak traffic time, the construction unit shall cooperate with 
transport department to give professional morality education to the driver, assure transport 
in stipulated route, spoil at designated place, and inspect aperiodically. 
During peak working day, the produced domestic rubbish is 50kg. These wastes will be 
collected by dustbin, and transported to urban refuse landfill in Hengnan County for filling 
treatment. 
The solid wastes could be well treated after the above measurement, and will not bring 
obvious impact to the surrounding environment.  
7.1.5 Ecological Impact Analysis during Construction Period 
7.1.5.1 Impact of Land Occupation 
Temporary land occupation is 253.8mu, mainly used for excavated soil storage, pipe 
storage, equipment and material storage, temporary road, and staff camp. This land 
occupation only affects the land utilization during construction period and a short time 
afterwards.  The water pump station occupy permanent land 172m2, this small land 
occupation will not affect land utilization. 
7.1.5.2 Analysis of Vegetation Destruction Impact  
(1) Vegetation Destruction at main construction spot (section) 
The proposed project includes work of water pump station and pipeline. The pump station 
need permanent land occupation of 172m2, it is cultivated land (non-basic farm) at present. 
The vegetation will be destroyed during land leveling and foundation work, but only 
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involving small occupation area and slight vegetation destruction. The destroyed 
vegetation is crops and common herbaceous plant, only causing slight ecological impact. 
The pipe will be laid in trench alongside existing village road, county road, and national 
highway, with total length of 20555m, including 500m pipeline (DN1000) for Dukou 
Village→provincial highway S316, 700m pipeline (DN300) for provincial highway S316→ 
air defense brigade, with farmland alongside the way. Pipe work at farmland is conducted 
by heavy excavation. Pipe DN1000 work area crossing farmland is 13m wide, pipe trench 
is 4m wide, trench bottom is 2m wide, and 2m deep. Pipe DN300 work area crossing 
farmland is 10m wide, pipe trench is 3m wide, trench bottom is 1.5m wide, and 1.5m deep. 
During construction period, the farmland at 15m around the pipeline will be destroyed due 
to excavation and backfill, machinery rolling, and pedestrian treading. It suggests to 
excavating after crop harvest, so as to reducing crop destroy and economic loss. 
The 300m pipeline between Heshi village ~ national highway G107 pass through slope 
protection, where has much vegetation and good ecological condition. It need to cut 1m 
protection slope during laying of this pipeline section, which will damage the existing 
vegetation, but it will be restored after pipe laying, and will have only small impact. 
The pipeline at Yunji Road is laid alongside the greening belt at central road. The trench 
excavation will damage the existing greening belt, which will be restored after pipe work, 
and the impact is not serious. 
The above-mentioned works, such as temporary farmland occupation, slope protection 
cutting, and temporary damage of road greening belt must be approved by related 
department before start. After the pipe work, restore the vegetation and greening belt 
timely. 
(2) Vegetation Destruction at other construction spot (section) 
Except the above construction spot (section), other pipeline work will be alongside 
existing village road, county road and national highway abutment. Pipe DN1000 work area 
alongside road is 10m wide, pipe trench is 4m wide, trench bottom is 2m wide and 2m 
deep. Pipe DN500, DN400, and DN300 work area alongside road is 7m wide, pipe trench 
is 3m wide, trench bottom is 1.5m wide, and 1.5m deep. 
The vegetation destruction is very slight when laying pipe alongside existing village road, 
county road and national highway abutment. 
7.1.5.3 Analysis of Basic Farmland Impact 
The 500m pipeline (DN1000) between Dukou Village→provincial highway S316, and 
700m pipeline (DN300) between provincial highway S316→ air defense brigade will  
pass through farmland. Pipe work at farmland is conducted by heavy excavation. Pipe 
DN1000 work area through farmland is 13m wide, pipe trench is 4m wide, trench bottom is 
2m wide and 2m deep. Pipe DN300 work area through farmland is 10m wide, pipe trench 
is 3m wide, trench bottom is 1.5m wide and 1.5m deep. 
The pipe will be laid in trench. A little basic farm land will be occupied during excavation, 
and which will be restored after construction.  
7.1.5.4 Analysis of Soil Environment Impact 
The pipe will be laid in trench, soil impact by earth excavation and backfill will are: 
A. Destroy soil structure, B. destroy soil layer, change soil texture, c. affect soil 

compactness, D. soil nutrient loss, E. impact on soil environment by wastes, F. impact 
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on soil biology. 
The pipeline is laid alongside existing village road, county road and national highway 
abutment, only a few pipes (1200m) will temporarily occupy the basic farmland, and the 
pipe work will affect the soil physicochemical property, therefore, the soil shall be nurtured. 
Collect the overburden soil before excavation, and use it for backfill. The soil quality will 
gradually improve with the restoring of soil biology and microorganism after backfill. 
Generally speaking, the soil property changing caused by construction will have no big 
impact to productivity. 
7.1.5.5 Analysis of Water & Soil Loss Impact 
Trench excavation will cause water and soil loss, the excavated soil is mainly piled on 
both trench sides, this loose soil is apt to loss under the disturbing of rain, wind and other 
factors. Besides, much earth excavation & backfill, trimming of steep slope and side slope 
will cause more serious soil exposure and damage soil structure, thus the soil anti-erosion 
ability will dramatically weaken, the soil erosion by rainstorm will cause water and soil loss 
during construction. 
Meanwhile, during the course of earth loading, transport and piling, soil & water loss may 
happen. In this assessment, the soil & water loss is predicted by means of model 
quantization. 
(�)Predictive Analysis of soil & water loss 
(1) Prediction mode 
Adopt universal soil loss equation (USLE) in teaching material of Environment Impact 
Assessment Method 2010: A=R×K×LS×C×P 
Where,  
A----soil erosion volume, t/(hm2·a)  
R--- Rainfall erosion factor 
K---soil erosion factor,  t/ (hm2·a) 
LS----topography factor (slope length X gradient) 
C----vegetation and management factor 
P---- Factor of soil & water conservation measurement 
The rainfall erosion factor R is calculated as the following empirical formula: 
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1
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Where, 
P----annual rainfall, mm 
Pi---rainfall at month (i), mm; 
Soil erosion factor (K) has close relation with soil mechanical composition, organic content, 
soil structure, and permeability. The overburden is purple shale soil, according to the 
study result of Determination of Soil Erosion Factor K at southern China Hill Purple Shale 
Area---Hengyang in Hunan province (Journal of Soil & water Conservation), the Soil 
Erosion Factor (K) at Hengyang purple shale area ranges between 0.34-0.37. 
Topography factor LS could be calculated as following formula: 

LS=0.067L0.2S1.3 
The soil loss mainly occurs at road excavation area, as the route is straight, the 
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topography factor impact on soil erosion is not considered. 
Factor of soil & water conservation measurement (P), describes impact on soil erosion by 
different protection measurement, such as leveling, compaction. According to related data, 
C=0.1, P =1. 
(2) Prediction result 
According to Soil Erosion Classification Standard (SL190-96), the regional soil erosion 
belongs to hydraulic erosion-dominated red soil hill type in south China, soil allowable loss 
is 500t/(km2·a) . 
According to analog calculation, the possible soil erosion modulus during construction 
period is 2689t/km2·a. 
(3) Result analysis 
The prediction result shows that if not take prevention measurements during construction 
period, it will cause moderate soil erosion and much soil loss. Therefore, the Environment 
Assessment put forward the following suggestion and requirement: 
1. Entrust qualified design department to conduct soil & water conservation design, and 

set special funds to assure its smooth implementation, and achieve the conservation 
during the full construction process. 

2. Arrange construction progress rationally, reduce soil & water loss. The work shall 
avoid rain season and windy day. Conduct sectional work, timely excavation, transport, 
paving, and compacting, not leaving loose land. 

3. Following the defined work scope and route, and abide by the work stipulation. Control 
and management the scope of transporting vehicle and heavy machinery work, 
reduce soil loss and destruction to the soil and crop. 

4. Optimize work method; perform sectional construction; backfill and restore timely. 
Transport the spoils timely, and reduce its scattering pile time. Promote work efficiency, 
shorten the work period. 

5. The vegetation damaged area shall be restored after construction, so as to reduce soil 
and water loss. 

6. Prevent the excavated soil from draining into the river during weir construction. The 
weir straw bag shall be completely removed from river bed after construction. 

7. Maintain the earth & rock transporting truck in good condition. The trucks shall not be 
fully loaded during transport, so as to prevent the earth and rock falling on the way. 

8. The spoil yard surrounding shall be well defend, after soil disposal, the slope surface 
and top plane shall restore vegetation cover, so as to avoid long time water erosion on 
the exposed soil. 

The above measurement could reduce the soil loss by 80%, and greatly reduce soil & 
water loss impact caused by construction. 
7.1.5.6 Analysis of flora and Fauna Ecological Environment Impact 
The pipe work will cause certain disturbance to the ecological environment within 100m 
alongside the pipeline. But the pipeline is basically laid alongside the existing village road, 
county road and national road, no more blocking impact, only having slight destruction to 
the ecological environment, which could recovery rapidly through natural succession after 
construction. 
The pump station work is by weir means, having very small impact on the aquatic living 
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environment in Leishui River, the impact is only limited at the water area of pump station 
vicinity. 
7.1.5.7 Analysis of Landscape Environment Impact 
The earth rock excavation, spoil piling, and land cleaning will cause large area of exposed 
land surface and temporary pile yard. The loose soil will lead to fugitive dust in windy day, 
which having bad impact on the air and landscape. In the rainstorm weather, the scoring 
sediment will flow to drainage canal, pond, and river along with runoff, which will reduce 
soil and water quality, blocking pipe, deposit on the road, affect water drainage, cause bad 
impact on the city appearance. Therefore, the construction units must control and deal 
with the fugitive dust, soil and water loss, and spoils as per Assessment requirement; 
enhance construction management, civilized construction, avoid large bad impact on the 
landscape environment. This bad impact will disappear with work completion, vegetation 
restore and road hardening. 
7.1.5.8 Analysis of Traffic Impact  
The pipeline is basically laid alongside the existing village road, county road and national 
road. The improper piling and storage of excavated soil pipe, equipment, and material will 
have impact on traffic. In order to assure smooth traffic, Conduct pipe-jacking construction 
when the pipeline cross the road, the following measurement shall be took during heavy 
excavation: 
1. when pipeline need cross the road, build temporary road before closing the road, and 

set speed reducing sign and direction mark on road sides to direct the traffic; 
2. Assign director to direct the traffic during construction. 
3. Shorten the pipeline work period at the road crossing section, and recovery the 

original road condition after pipe work. 
The above measurement will prevent bad impact on the traffic during construction period. 
7.1.5.9 Analysis of Other Impact 
When proceeding pipe work to the existing railway bridge opening near national highway 
G107 → Zhongjiantang, adopt steel sleeve for pipe-jacking construction, crossing the 
railway by the existing culvert. For the river crossing bridge section in Hengnan County, 
adopt DN500 steel pipe crossing Xiangjiang River alongside Yunji Bridge. 
When build jacking pipe across national highway G107, perform standard construction 
and strict management. In order to strengthen earth stability, the conduit shall not be 
pulled out before fully jacking, in order not cause road sink. Work out slurry and earth-rock 
treatment plan before starting work; restrict the temporary piling occupation and long 
distance transfer.   

7.2 Environment Impact Analysis during Operation Period 

This water delivery project will not cause waste water, exhaust gas and solid waste. Noise 
mainly comes from submersible pump in the pump station. On-site monitoring result of 
similar project shows that the submersible pump sound level is 90dB (A).The pump is set 
indoors; there is no environmental sensitive spot within 100m surrounding, it will not have 
impact on the environment and surrounding residents. 
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7.3 Impact on Project Water Quality by Wastewater from Chashi Town 
and Xiangyang Town 

According to site investigation, the wastewater outlet of Chashi Town is located at 600m 
downstream of the project intake. Baiyutan power station has dead water level of 55.047m, 
normal water level of 56.047m. This project intake is at end of reservoir, through gate 
discharge in wet season, the wastewater from Chashi Town will not bring big impact on 
the project intake water quality after storage water back-holding in Baiyutan Dam. 
Xiangyang Town is located at 4.0km upstream of the project intake. According to 
monitoring data of Leishui river status quo, the released water has no big impact on its 
downstream water quality. With the town scale expanding, it shall build wastewater 
treatment facility, strength supervision of wastewater release, so as to avoid pollution the 
project intake water quality at downstream. 

7.4 Impact on Downstream Water Source after Water Intake 

7.4.1 Impact on Ecological Water Utilization 
According to Water Source Demonstration Report of Hengan County, the project pump 
intake volume is 28.1 million m3, equal to mean annual discharge of 0.89m3/s. based on 
95% design dependability, water volume in 2020 and 2030 is 2.893 billion m3 and 2.777 
billion m3, respectively, the water intake volume is only 1.0% of inflow volume. The 
ecological water volume at the project intake is 28.7m3/s; the remaining water volume is 
more than ecological water demanding volume in this river. Therefore, the water intake for 
new water source project of Hengnan County will not have impact on river ecological 
water demanding. 
7.4.2 Impact on Irrigation Water User 
Baiyutan power station is not used for irrigation, and has small water intake volume, which 
will not have impact on the farm field irrigation of scattering distributed irrigation station on 
the river. 
7.4.3 Impact on Navigation Water User 
Water pumping will have small impact on changes of river water volume and water level, 
and will not have obvious impact on navigation water level. It could meet requirement of 
Leishui River basing planning. But in order to guarantee water intake and navigation 
safety, set navigation mark at outside of intake head. 
7.4.4 Impact on Regional Large Quantity Intake User 
There is no important intake surround Hengnan new water source project. The intake is 
arranged at Baiyutan Power Station reservoir. As the intake volume accounts for small 
percentage of Leishui river inflow, only 1.4% of minimum daily discharge (62.1m3/s) at 
intake cross-section (95%), and 0.3% of mean annual discharge. Therefore, intake by 
Hengnan new water source project only has small impact on Baiyutan power generation. 
The Client shall get support from Baiyutan power station. Impacts on other water users 
are very small. 



 

79 

7.5 Analysis on Social Environment Impact 

This project does not involve in resettlement work, therefore, no land requisition or 
resettlement compensation issues exist. 
This new water source project demand small intake volume compared with Leishui River 
discharge, and only intake water when Tugutang Navigation and Hydropower Complex on 
Xiangjiang River is in construction and flood discharge, having slight impact on Leishui 
River, and will not bring bad impact to the third party’s water utilization and other water 
user. Before the project put into operation, the construction unit shall communicate with 
the water plant to make pipe connection, which could be done during low water-using 
period, and after the plant clear water tank is prepared with reserving water. 
The new water source project could resolve the sole water supply source in Hengnan 
County and vicinity, avoid potential sudden heavy-metal pollution in Xiangjiang main 
stream, and promote the water using safety for residents in Hengnan County and vicinity. 

7.6 Analysis of Water Source and Quality 

7.6.1 Analysis of Risk Accident 
After project completion, it will define the drinking water zone and land-base protection 
zone in accordance with Law of the People's Republic of China on the Prevention and 
Control of Water Pollution, and Administrative Regulations on Pollution Prevention and 
Control in the Conservancy Zone of Drinking Water. In case the sewage disposal in the 
protection zone violate the Regulation stipulation, or sudden emergency sewage disposal 
happens at protection zone and its upstream enterprise pollution source, the defined 
water protection will be polluted, and the water quality will fail to reach Class� standard in 
GB3838-2002, the water plant will be enforced to stop work, which will affect the water 
users living and production. If the supplied water quality fails to meet requirement of 
Hygienic Standard of Domestic Water GB5749-2008, it will threaten the users’ health.  
7.6.3 Risk Preventive Measures 
(1) Preventive of Fixed risk source 
Conduct comprehensive harness to the pollution potential enterprise, so as to meet 
standard wastewater drainage. The environment protection department shall conduct 
inspection to the production technology, dangerous chemical management, wastewater 
treatment of the fixed risk source; carry out risk trouble-shooting and prevention to the 
special risk units as per emergency management guideline. 
(2) Prevention of flowing risk source 
Strengthen management of flowing risk source, set vehicle inspection spot at the entrance 
of water source protection zone; require the related units to define the qualification of 
transport vehicle, ship and transport personnel, and conduct emergency training. The 
transporter shall learn the goods features, its packing requirement, and emergency 
treatment. Build emergency facilities, such as weir, surround the river-crossing bridge and 
pipe, so as to prevent harmful and toxic substance leaking into the water. Regarding the 
road, bridge and with frequent traffic accidents, and dangerous chemical transporting 
dock, it could change the transporting route or shift. Take safety protection measurement 
to the dangerous transported goods, equipped with necessary protection articles and 
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emergency rescue equipment. If necessary, restrict the transport route and time, prohibit 
illegal pollutant dumping. 
(3) Prevention of non-point risk source 
Control the agricultural non-point source pollution, restrict breeding scale, promote 
intensive management of planting and breeding, and pollution prevention level, and 
reduce utilization of phosphorus-based detergent, pesticide, and fertilizer. 
(4) Classify the drinking water protection zone as per various water quality standard and 

protection requirement, add quasi-protection zone if necessary. 
(5) The establishment and pollution control of drinking water protection zone shall be 

incorporated into the plan of Hengnan County economic and social development and 
plan of water pollution prevention. 

(6) Implement the stipulation of water pollution prevention, ship pollutant emission, and 
emission guarantee in 8.2.3.2. 

(7) Strengthen health protection in the water protection zone, implementing strictly as per 
8.2.3.3. 

(8) Monitor the water source quality periodically, timely learn the water polluting state and 
variation of harmful matter concentration, take effective measurement to prevent 
water source pollution. 

(9) In case of sudden water source pollution, the responsible individual shall take 
immediate measurement to eliminate pollution and report to the related departments, 
including health-epidemic prevention, environment protection, and water conservancy 
departments and its competent department. The environment protection department 
shall organize related department to inspect and treat as per government requirement. 

7.6.2 Management of Risk Emergency 
(1) Establish early-warning monitoring section 
Establish early-warning monitoring section (well) at the outlet of important centralized 
wastewater treatment facility, and master wastewater outlet. Based on the regular manual 
monitoring, increase early-warning monitoring index according to catchment features and 
pollutant type. 
(2) Improve risk prevention  
Achieve water interception, diversion, regulation, and waste reduction at the drinking 
water source protection zone and quasi-protection zone by using of existing protection or 
other measurement. Build emergency facilities surround the water source to prevent 
harmful matters flowing to the water source. 
(3) Management of risk source 
Build risk source targeting archives administration, define the principal and task, strictly 
examine the key pollution source enterprise, the newly built waste treatment enterprise 
shall be no less than 1km distance from the residential area or water source protection 
zone. Implement the construction project admittance system in the water protection zone. 
For the potential drinking water pollution project, improve its risk prevention measurement. 
Regarding the pipelines that need to cross the water source, it shall be equipped with 
leaking early-warning and prevention facilities, compile special emergency plan. Firmly 
control the vehicle transport dangerous chemical and goods into the water source 
protection zone. The vehicle shall apply and get approval & register before entering, and 
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shall equipped with anti-seepage facilities. 
(4) Work out emergency plan 
Make full use of daily monitoring information for monitoring early-warning. Establish joint 
early warning system, and conduct monitoring at the earliest time in case of abnormal 
condition. When the water source quality is affected or might be affected by the sudden 
emergency, start up the early-warning system immediately and release public notice, set 
warning sign, report the pollution information of and prevention measurement.  
(5) Emergency response 
Compile system of drinking water source emergency plan, including government general 
emergency plan, drinking water abrupt environmental accidents, abrupt environmental 
accidents emergency plan of environment protection department, water affair department, 
and hygiene department, risk source abrupt environmental accidents emergency plan, 
water-based control engineering technical plan, and water source emergency monitoring 
plan. The environment department shall suggest the government to organize departments, 
such as environment protection, water conservancy, urban construction, health, land, 
safety supervision, traffic communication, and fire prevention department to form joint 
system, and make mutual effort to assure water source safety.  
(6) Emergency treatment 
The environment protection department shall collect water pollution potential information 
from multi-channels, and report the information as per Report Method of Sudden 
Environment Accident Information. When the sudden accident happens, each related 
department shall coordinate and resolve the emergency under the government direction. 
(7) After-action management  
After resolving the emergency, assort and archive the related data. Make proper treatment 
to the emergency supplies according to its classification. Monitoring the water quality, and 
prevent secondary pollution to the water. Regarding the vital or typical event, review its 
happening and treatment process, record in image data and information platform. Imitate 
and replay the process in form of model, and provide complete event data. Learn the 
experience from emergency treatment, and write final report.  
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8 Industrial Policy and Protective Scheme for Water Sources 

8.1 Consistency Analysis to the Industrial Policy 

According to Catalogue of Guidance of the Industrial Structural Adjustment (2011), the project 
of the source of urban and rural water supply belongs to the encouragement classification and 
conforms to national industrial policy.    

8.2 Protection Scheme for Water Sources 

To assure that water quality at the source of the project can be satisfied with the 
corresponding standards of Environmental Quality Standard for Surface Water 
(GB3838-2002), the environmental assessment proposes the following protection scheme for 
the water sources according to the Hunan Government Environmental Letter【No. 88, 2012】
Regarding to the Added Protection Zone of Hengnan New Water Sources of Hengyang City. 
8.2.1 Definition of Protection Scope  
8.2.1.1 Protection Scope of Water Area 
Protection Zone of Class I: the area from 1000m upstream to 100m downstream of the 
proposed water intake; 
Protection Zone of Class II: the area from 2000m to 1000m upstream of the proposed water 
intake and the area from 100m to 300m downstream of the proposed water intake.   
8.2.1.2 Protection Scope of Land Area 
Land Area Scope: Waterfront terrain length is consistent with length of the water area. The 
distance adopted within 50m between the terrain depth along the bank and the coastal 
horizontal range is the terrain area of Protection Zone of Class I. The depth range along the 
river bank of the water area of Protection Zone of Class II is adopted within 1000m in the land 
area of Protection Zone of Class II. 
8.2.2 Protection Standard  
Protection Area of Class I of the Leishui River is protected in accordance with Standard of 
Grade II in Environmental Quality Standard for Surface Water (GB3838-2002), and 
Protection Area of Class II is protected according to Standard of Grade III.    
8.2.3 Detailed Protection Measures 
8.2.3.1 Preventing from water sources exhausted  
Water and soil conservation should be developed in the watershed area and trees and 
grasses are planted upstream the water sources to remit the sedimentation of the Leishui 
River owing to the water loss and soil erosion.          
Hydrological observation and forecast of the Leishui River should be strengthened and trends 
of the hydrology condition should be mastered.   
8.2.3.2 Preventing from water sources pollution 
The pollution enterprises, e.g. chemical industries, galvanizing and metallurgy factories are 
prohibited from establishing to the upstream of water sources in order to alleviate the pollution 
of water sources.  
It is surveyed that a dredger has been at its sand mining operations on the opposite bank of 
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the intake of the project nowadays and this kind of behavior should be banned in accordance 
with the law.  
 Prohibitive regulations and rules on the surface water protection are as follows:   

(1) Oils, acid & alkali liquor or hyper toxic effluent should be prohibited from 
discharging to the water body, 

(2) Vehicles and containers where oils or toxic pollutants are stored should be 
prohibited from rinsing in the water body, 

(3) The soluble hypertoxic waste residue containing Hg, Cd, As, Cr, Pb,       
Cyanide, Yellow Phosphorus and so on should be prohibited from discharging or 
dumping to the water body or buried underground directly,   

(4) Industrial waste residue, municipal refuses and other discards should be 
prohibited from discharging and dumping to the water body,   

(5) Solid wastes and other pollutants should be prohibited from stacking and storing 
on the bottomland and bank slope below the max. water level of rivers, lakes, 
canals and reservoirs,        

(6) Radioactive solid discards or waste water containing high-radioactive material 
and the one of medium radioactivity should be prohibited from discharging or 
dumping to the water body.      

 The contaminant that will be discharged to the surface water body should be 
satisfied with the following requirements: 

(1) Waste water containing the low-radioactive material that will be discharged to the 
water body should comply with the relevant national provisions and standards of the 
radioactive prevention.   

(2) Thermal effluent that will be discharged to the water body should be taken the 
measures to assure the temperature of the water body up to the aqua-environmental 
quality standard, which will prevent from damages of the thermal pollution. 

(3) Sewage containing pathogens should be dealt with sterilization treatment and it can’t 
be discharged unless it is fit for the related national standards. 

(4)  To prevent water pollution, the pesticide should be reinforced management during its 
transportation and storage and when the outdated ineffective pesticide needs to be 
handled.    

 The pollutants discharged from vessels should meet with the following provisions: 
(1) Sewage containing oils and domestic waste water that will be discharged from vessels 

should conform to the related discharge standards, 
(2) Refused oil and oil residue of the vessels should be recovered and prohibited from 

discharging to the water body. Garbage should be prohibited from dumping to the water 
body from the vessels.  

Measures should be taken for oils from traffic or poisonous cargo to prevent from overflowing, 
leakage and falling into water when they are loaded on to the vessels.    
8.2.3.3 Installation of Warning Signs at Protection Zone for Water Sources 
Definite geographical landmark and warning signs should be set up in the boundary of the 
protection zone of drinking water sources with reference to Technical Requirements of Mark 
of Protection Zone for Drinking Water Sources (HJ/T 433).   
(1) Landmark of Protection Zone for Drinking Water Sources 
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There are two functions: i. it is a sign for identification of the boundary of the protection zone 
for drinking water sources, ii. the warning function. It reminds the pedestrian who enter into 
the protection zone to conduct in strict accordance with the relevant legal regulations and 
administrative rules.      
(2) Traffic Warning Signs of Protection Zone for Drinking Water Sources 
A sign of protection zone for drinking water sources mainly applying to the traffic area, which 
is divided into Road Marker and Navigation Marker.  Its major function is to warn the coming 
and going vehicles, pedestrian and vessels to go cautiously. The traffic Warning Marker is 
mainly set up on roads or waterway so the installation should conform to the national legal 
regulations and standards on transport routs (waterway).              
(3) Information Board of Protection Zone for Drinking Water Sources 
To protect the new sources, Hengnan County Government installs the sign for passers-by for 
publicity and education in accordance with the actual needs. 
8.2.3.4 Strengthening Health Protection of Protection Zone for Water Sources   
 The following provisions should be complied with in protection zones of all the levels 

and quasi-zone for drinking surface water sources:     
(1) All the activities that destroy the ecological equilibrium of water environment , 

head-water forests, protective belt and the related vegetation to water resources 
protection should be banned, 

(2) Industrial waste residue, municipal refuse, feces and other discards should be  
prohibited from dumping to water area,  

(3) Vessels and vehicles that are loaded on the poisonous material, oils and feces 
should be generally prohibited from entering into the protection zone unless prior 
application, approval of the department concerned, registration and installation of 
the facilities of leakage proofing and overflow control.    

(4) Hypertoxic and high residual pesticides should be banned, chemical fertilizer should 
not be abused and dynamites and drugs should not be used to catch fishes.                

 Productive and recreational activities and pollution discharge in Protection Zone of 
Class I for domestic drinking water sources should be strictly restricted by laws. Major 
measures and provisions are: 

(1) Sewage discharge should be forbidden to Protection Zone of Class I for domestic 
drinking surface water sources,  

(2) Travelling, swimming and other possible pollutive activities should be forbidden at 
Protection Zone of Class I for domestic drinking surface water sources,    

(3)  Construction and extension of the project that are unrelated with water supply 
facilities and protection of water sources at Protection Zone of Class I for domestic 
drinking surface water sources should be forbidden, 

(4) The installed drain outlets at Protection Zone of Class I for domestic drinking surface 
water sources should be dismantled or treated within the limited time under the 
order of the people’s government above the county level authorized by the State 
Council, 

(5) Wharf unnecessary for water supply should not be constructed and vessels are 
prohibited from docking, 

(6) Industrial waste residue, municipal refuse, feces and other discards should be 
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prohibited from stacking and storing, 
(7) Oil depot should be prohibited from installing, 
(8) Plantation and livestock pasture should be forbidden and activity of net pen culture 

should be strictly controlled.   
 Forbidden and restrictive measures of  Protection Zone of Class II for domestic 

drinking water sources are: 
(1) Construction and extension the project of discharging the effluent to water body at 

Protection Zone of Class II for domestic drinking water sources should be forbidden, 
(2)  Reconstruction the project at Protection Zone of Class II for domestic drinking water 

sources should cut down the pollutant discharge, 
(3)  Pollutant discharge should be forbidden at Protection Zone of Class II for domestic 

drinking water sources which exceeds the national regulations or local provisions, 
(4) Wharf for loading the garbage, feces, oils and other poisonous and pernicious 

materials and goods at Protection Zone of Class II for domestic drinking water 
sources is prohibited from installing, 

(5)  Effluent discharge should be cut down at the existing effluent outlets to assure water 
quality of the protection zone up to the regulated criteria.    

8.2.4 Construction of Monitoring Network for Water Quality 
To promptly grasp the pollution condition of water body and trends of varying concentration of 
all types of hazardous pollutant, take the effective measures in time and prevent the pollution 
of water sources, in-situ monitoring is implemented on the water quality of water sources.  
A routine indicator monitoring is developed every month on water sources of the project, and 
installation of the monitoring section should consider the following factors: 
(1) Representativeness. In macroscopic view, environmental distinction should be reflected 

of the river system of the Leishui River; the sectional characteristic should be reflected 
from the microscopic aspect. Sectional location should reflect environmental quality 
characteristic, so the installation should take into account the hydrologic features 
(hydrogeology) and pollution source condition.   

(2) Reasonableness. Aiming at less section that will afford us sufficient representative 
environmental data. Convenient transportation should be taken into account for collecting 
samples.    

(3) Consecutiveness. Monitoring sections should be kept stable and data should be 
consecutive. It is convenient for analyzing change trend of the water quality to establish a 
dynamic update data base. 

(4) Accuracy. The measured value should be testified in correspondence with actual 
conditions of water sources of the project. According to hydrological data of the recent 
3years, EIA proposes installation of monitoring sections respectively at the engineering 
intake, 1000m upstream of the intake (at the boundary of Protection Zone of Grade I)and 
2000m upstream of the intake (at the boundary of Protection Zone of Grade II).             
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9. Public Participation 

9.1 Purpose of Public Participation 

Environmental public participation is connection and communication of construction unit of 
the project or environmental assessment unit with public through EIA. It is an important 
component of the environmental assessment, also an effective method for improving 
decisions. According to the corresponding regulations of Interim Procedures for Public 
Participation of Environmental Impact Assessment (Huan DRC【2006】No. 28), public 
participation is a must for construction of the project, which is divided into two aspects: i. 
public intervention, ii. public supervision.  
Public intervention: to make the public to know the project profile, to grasp and master 
ideas and requirements of the public on construction of the project as a feedback to the 
department concerned, that will contribute to governmental department or construction 
unit to draw up policies measures more fit for the local and the project and strengthening 
environmental awareness and social acceptability.  
Public supervision: to make the public concern the environmental problems probably 
caused by construction of the project, to reinforce feasibility of the environmental 
protective measures of the project, to improve planning and design of the project, that will 
contribute to comprehensive benefit of long-term of the project and improving 
environmental rationality of the project.  
Through participation, the public can advocate their environmental rights, fulfill their 
responsibilities and obligations to protect environment to make EIA be more scientific and 
feasible.           

9.2 Scope, Method, Procedure and Content of Pubic Participation in 
Investigation 

9.2.1 Scope and Target of Investigation  
Scope and target of investigation for the public participation are mainly the dwellers along 
the project at the assessment scope and Groups of Datang, Gaoxiao, Quanxi in Binhe 
Village.       
9.2.2 Investigation Style 
According to the related regulations of Interim Procedures for Public Participation of 
Environmental Impact Assessment (Huan-fa 【2006】No. 28), the pubic participation 
adopts the styles of information publicity and questionnaire survey. Questionnaire style 
includes personal and group. Construction unit is mainly in charge of the specific 
implementation. Investigation target is the group and personnel that will be probably 
affected by the project. Through investigating, collecting and clearing up their suggestions 
and attitudes for construction of the project and the opinions for environmental protection 
measures, principle view and suggestion will be obtained.  
40 personal questionnaires are sent out and 40 effective ones are collected. 7 
questionnaires for group are sent out and 7 effective ones are collected. Collecting rate is 
of 100% and all the questionnaires are effective.                        
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9.2.3 Procedure and Content 
(1) Procedure 
At first, basic information, purpose, significance, necessity of construction and social 
benefits of the project are explained to the investigated public by assessment staff. Then 
the public of different professions, cultural levels and ages fill in the questionnaire 
voluntarily, which will fully reflect suggestions of most of the dwellers for construction of 
the project.  
In the middle of April of 2012, the construction unit publicized for construction conditions of 
the project and environmental information at the project site. The publicity contents 
include: constructing profile of project, possible impact on environment, key points of 
countermeasures and measures on prevention from/alleviation of adverse environmental 
impact, scope, principal items and detailed style of collecting the public opinions and 
limited duration for the public opinions. Publicity style adopts putting up information 
posters. Sees the following picture.                  

 
 (2) Investigation Content 
The investigation content of public participation focuses on the comparatively 

sensitive questions for the proposed project as the following major aspects: 
 rate of information popularization and support rate of construction of the 

project; 
 environmental problems probably caused by construction of the project; 
 Influence of construction of the project on the public; 
 Requirements and suggestions of the public on environmental protection for 

construction of the project.       

9.3 Result Analysis of Public Participation in Investigation 

9.3.1  Statistics of Suggestion Feedback of Information Publicity            
During the period when the posters are put up and feedback of the public suggestions are 
accepted, nobody have their feedback suggestions through letter, call, e-mail and so on to 
the construction unit and environmental assessment unit.        
9.3.2 Statistics and Analysis of Questionnaire Results 
Information and statistics results of public participation in investigation are shown in the Table 
9-1. Representative Suggestions Table of Investigation sees the Annex.                  
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Table 9-1  Statistics Table of Public Participation in Investigation    
Investigation Sample Number 

(Group of Unit included) 

47 

（7） 

1. Whether or not you know 

the content of construction of 

the project? 

To know well       To know a bit Not to know 

48% 52% 0 

2. What’s the most 

concerned problem during 

the construction? 

Ecological and 

Landscape 

Devastation   

Construction 

Dust 

Noise 

annoyance 

sediment 

wastes 

discarded  

7% 52% 32% 9% 

3. Which influence does 

construction of the project on 

your quality of life?  

Seldom impact Beneficial impact 
Adverse 

impact 

52% 48% 0 

4. What is the main 

environmental problem 

existing in this region? 

Air pollution 
Ecological 

devastation 
Water pollution 

Noise 

pollution 

0 5% 0 95% 

5. Altitude to construction of 

the project 

support oppose No concern 

100% 0 0 

6. Suggestions and opinions 

on environmental protection 

of the project  (personal) 

/ 
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7. Suggestions and opinions 

on environmental protection 

of the project  (group) 

Suggestions of Binhe Village Party Branch Committee: 
Avoiding the comparatively great impacts on the livelihood of three 

groups of the village and properly arranging it.    

Suggestions of Datang Group of Binhe Village: 
（1）routine work and rest of villagers will not be influenced during 

the construction,  

（ 2 ） Ecological environmental devastation during construction 

should be recovered in time.  

Suggestions of Quanxi Group of Binhe Village: 
Economic loss resulted in land occupation of the project should be 

legally compensated and the legitimate rights and interests of the 

villagers should be safeguarded.  

Suggestions of Gaoxiao Group of Binhe Village: 
 （1）accelerating the construction schedule, 

（2）routine work and rest of villagers will not be influenced during 

the construction 

（ 3 ） Ecological environmental devastation during construction 

should be recovered in time. 

Suggestions of Jiayuan Estate Management Center of Hengnan 

County: 
  The project will be hoped to implement as soon as possible. 

Suggestions of Neighborhood Committee of Huangjin 

Community of Yunji Town:   
After implementation of the project, dwellers should be ensured to 

solve problems of safe drinking water. The project will be hoped to 

implement as soon as possible.    

Suggestions of People’s Government of Yunji Town of Hengnan 

County: 
(1) The project will be implemented as soon as possible,  

(2) Ecological environment will be protected during the 

implementation of the project. 

 

It can be seen from the statistics results of Table 9-1 that,  
(1) 48% of the public know the content of construction of the project well and 52% of the 
public know it a bit; 
(2) For construction of the project, 7% of the public show their concerns about ecological 
and landscape devastation, 52% of the public concern about impacts of  construction 
dusts on environment, 32% of the public concern of noise annoyance and 9% of the public 
concern of sediment wastes discarded; 
(3) Among the public investigated, 52% consider seldom impact while 48% consider the 
beneficial impact of construction of the project on their personal quality of life; 
(4) That the major environmental problem is ecological devastation is regarded by 5% of 
the public investigated and 95% of the public regard it as noise pollution; 
(5) In the investigation, 100% of the public support construction of the project; 
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(6) Group Investigation results reveal that construction of the project is beneficial to 
improve safe water usage of dwellers of Hengnan County and the surrounding area. The 
groups suggest that accelerating the construction schedules to assure that routine work 
and rest of villagers is not affected during construction, the ecological environment 
devastation should be recovered in time to protect the ecological environment during 
implementation of the project and dwellers should be ensured to solve problems of safe 
drinking water after completion of the project.                

9.4 Conclusion of the Public Participation in Assessment 

The investigation results indicate that the investigation object knows the project well. The 
public have the strong environmental awareness at the assessment area and can totally 
realize the environmental pollution probably caused by the project. Through the 
introduction of the investigative personnel, all the public support the project and consider 
the construction of the project can improve safety of the drinking water for water users of 
Hengnan County and the surrounding area. Meanwhile, they concern about failure of 
prevention of and compensation to ecological and landscape devastation, construction 
dust, noise and sediment wastes. Therefore, with reference to the investigation results, 
the construction unit would effectively connect construction with environmental protection, 
take the preventive measures to pollution, do the compensation work well, alleviate the 
worries of the public about their self-livelihood and environmental quality. The 
construction unit has committed to take all kinds of preventive and controlling measures in 
strict accordance with opinions and suggestions of the public.  
On the whole, the public investigated regard construction of the project as feasibility. It is 
suggested that the environmental administrative department would reinforce supervision 
and administration to urge the construction unit to carry out all kinds of pollution control 
measures proposed by the engineering design document and the environmental 
assessment.    
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10. Environmental Management& Monitoring Plan  

10.1 Environmental Management 

Environmental protection management of construction project means project should be 
implemented during construction and operating periods under relative environmental 
protection laws and regulations, policies and standards and supervised by local 
environmental protection department. Environmental protection and comprehensive 
benefits can be achieved by adjusting and laying down environmental protection plans 
and objectives, minimizing the adverse effects, reinforcing the project environmental 
management, altering work running mode and protection measures timely. 
10.1.1 Environmental Management Agency and Personnel    
Environmental Management Agency was composed of builder and constructor in 
construction period. One or two environmental administers take responsibility of 
environmental supervision in construction period. One or two full-time environmental 
administers sent by Hunan Xiangjiang Navigation Construction &Development Co.,Ltd 
take charge of environmental management and monitoring in operating period. Hengnan 
environmental monitoring station is delegated to take responsibility for environmental 
monitoring. 
10.1.2 Responsibilities of Environmental Management Agency   
Environmental management agency takes responsibilities of management and monitoring 
work in construction and operating period. Main duties are as follows: 
(1) To compile and make short-term and long-term environmental protection plans in 
construction and operating periods. 
(2) To implement national and regional environmental laws, regulations, policies and 
standards. They are supervised by environmental authorities and assist relative 
departments to work on environmental protection. 
(3) To organize environmental monitoring work, make and implement monitoring plans, 
report results to competent authorities and municipal environmental protection authority. 
(4) To take responsibility for facilities construction, installation and debugging and carried 
out systems. 
(5) To supervise on all kinds of pollutants and ensure them reached national standards. 
10.1.3 Environmental Protection Management in Project Construction Period 
Constructor must supervise on construction quality and implementation status of 
environmental mitigation measures and check the implementation situation of 
environmental protection contract terms. 
(1) Project Construction Supervision 
Builder must establish a construction supervision group, give advices on environmental 
protection and supervise implementation status of environmental mitigation measures in 
construction period. Supervision engineers should be employed to supervise the whole 
course of project and implementation situation of environmental protection measures.  
(2) Supervision of Environmental Mitigation Measures Implementation 
Builder should carry out environmental mitigation measures to lighten adverse effect on 
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environment. Contractor should make management plans before construction, which 
includes  requirements of dusts control, sewage treatment, noise control, waste soil and 
construction waste treatment, vegetation destroy, transportation vehicles management, 
clean and sanitary at the site and relative mitigation measures. Relevant reward and 
punishment system and performance indicators must be carried out on the basis of 
environmental management tasks. 
Project builder should summarize and assess environmental management work 
periodically. To post environmental protection slogans on striking walls and raise public 
awareness of environmental protection. Relevant authorities should supervise project for 
following problems: 
� whether waste treatment, construction garbage, waste soil stacking, and transportation 
are carried out as plan and requirements; 
� whether construction waste water are filtered through sedimentation basin and reused 
as required;    
� whether or not to adopts measures for noise of work site to reduce disturbance;  
� whether or not to deal with wastes according to provisions.  
10.1.4 Environmental Management Plan in Construction Period 
(1) Environmental management agency takes responsibility for environmental protection 
work and management duties at stages of construction 
(2) To manage duties of construction team, construction as required and carry out 
supervision, review and education works. 
(3) To make unified arrangement for construction procedure and site layout according to 
authorities’ requirements and environmental protection measures in report. 
(4) Civil engineering works need soil and earth excavation and lands for transportation, 
ditching and construction machineries. Sprinkle water timely for dusts caused by 
construction, remove waste soil to avoid re-entrainment of dust. 
(5) To arrange equipments and construction periods reasonably, do not disturb residents 
with noise.             
See table 10-1 of main contents of environmental management and supervision in 
construction period. 
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Table 10-1      Main Contents of Environmental Management and Supervision in Construction Period 

Items Prevention Measures Executor 
Environmental 
Management 

Environmental 
Supervision 

Construction Dust 

Construction site hardening, remove construction waste and waste soil 
timely; flushing and sedimentation facilities installed in place for 
construction vehicles at entrance and exit of construction site; construction 
site to be kept in orderly condition by regularly performed water sprays 
and cleansing at entrance and exit of construction site; asphalt melting 
prohibited; compact backfilled soil or treated with covering flux; physical 
barriers installed in construction site as per related regulations. 

Builder and 
Constructor 

Constructor to 
post related 
environmental 
protection 
measures on 
the wall and 
assign 
responsibility to 
every 
concerned 
person, to 
strengthen 
environmental 
management 
and cleansing 
in construction 
site. 

Construction 
administration and 
environmental 
administration to 
have regular audit. 

Construction Noise 

Low-noise construction machineries and related technology of bidder 
should be stated in bidding documents; constructor with prepared 
documentation to submit Construction Environmental Protection Approval 
Form to local environmental administration 15 days before ground 
breaking, construction allowed to start after approval; noise-generating 
construction work is prohibited during 12:00-14:00 and 22:00-6:00; 
low-noise construction machinery to be selected, and hydraulic machinery 
to be substituted for fuel fired machinery; consecutive construction work 
for casting must approve by related environmental administration 3 days in 
advance. 

Environmental 
protection and 
supervision 
authority monitored 
night construction 
noise 

Water Treatment 
Waste water from construction to be recycled and reused in any possible 
way after sedimentation processing; foundation excavation in rainy 
season to be avoided. 
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Waste Soil and 
Domestic Waste 

Treatments 

Earth excavation try to be used for other filling purposes, and to be moved 
to specified dumping site under sound protection measures when it cannot 
be used; construction waste and waste soil to be timely removed, 
preferably on daily basis, and all loaded transport vehicles covered with 
felt-cloth to prevent falling off along the way; domestic waste from 
construction to be timely removed. 

Waste soil to be 
moved to 
specified 

dumping site 

/ 

Eco-system 
Restoration 

Damaged vegetation to be timely restored; no dumping site to be 
supplemented unless being granted approval regarding construction 
design alteration; dumping site to have physical barriers as per related 
guidelines in construction design; topsoil to be restored as per related 
guidelines in construction design, and vegetation to be restored in strict 
conformity to related guidelines on vegetation protection and restoration; 
prevention of water loss and soil erosion. 

Water conservancy and forestry 
administration implement regular 

audit. 
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10.1.5 Environmental Management Plan in Operating Period 
Main environmental management objects after project completion are: operating noise of 
pump station and eco-restoration. 
Noise management: submerged pump unit for water supply is placed in basement to 
reduce noise. Noise to be decreased from base, and anti-vibration pad to be used when 
pump unit installation.    
Eco-restoration: Vegetation to be damaged in construction process should be 
compensated. Land reclamation and vegetation recovery should be carried out after 
project completion for temporary land occupation.  

10.2 Environmental Monitoring Plan 

Environmental monitoring means activities of sample collection, examination, data 
processing and report writing on main pollutants of project in construction, operation 
periods. Environmental monitoring provided scientific proof to environmental protection 
management.   
See table 10-2 of Monitoring plan of this project 
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Table 10-2 Checklist of Environmental Monitoring Plan 

Monitoring 
Items Monitoring Factors 

Monitoring 
Sections and 

Points 
Monitoring Period and Frequency

1. Construction Period 
construction 

Waste 
Water  

pH、suspended substance、
petroleum 

Sedimentation 
basin in 

construction site

One day-long monitoring every 
quarter 

Domestic 
Waste 
Water 

SS、pH、CODcr、BOD5、NH3-N Utility area One day-long monitoring every 
quarter 

Exhaust 
Gas TSP、PM10 Construction site

One 3-5 days long uninterrupted 
monitoring during peak period of 

earth and rock excavation 

Noise Equivalent A-Weighted Sound 
Level Construction site Two or three monitoring within 

one day per month 
2. Operation Period 

Leishui 
River 

All items shown in Chart 1 and 
2 of Standard GB3838-2002 

Proposed section 
of river at water 

intake , section of 
river at 1000 

meters upstream 
from water intake,

section at 2000 
meters upstream 
from water intake

One monitoring every month, and 
setting up on-line monitor device 
at water intake to monitor water 
quality index 

Noise Equivalent A-Weighted Sound 
Level 

Pumping station 
location 

Two-day monitoring for half a 
year, two periods per day to be 

monitored (daytime and 
nighttime) 

Terrestrial 
Ecosystem 
Monitoring 

Forest and grass species, 
vegetation cover, wild animal 

and plant species and quantity, 
change in representative 

biological species, change in 
geology and landscape, and 

change in soil condition 

Assessment 
areas One monitoring in every summer

Soil and 
Water Loss 
Monitoring 

Patterns and intensity of soil 
and water loss, soil and water 

conservation facilities’ 
performance should be 

checked 

Assessment 
areas 

One monitoring in July and 
August per year 
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11.  Assessment Conclusions and Suggestions 

11.1 Conclusions 

11.1.1 Project General Situation 
(1) Project Name 
Hengnan New Water Source Project 
(2) Construction Description  
Newly built 
(3) Project tasks 
To develop a new water source and take water to Hengnan County, air defense brigade 
and Chejiang Town when water quality of Xiangjiang River under the standard. 
(4) Project Water Source and Its Scale 
Leishui River as a new water source, design scale is 70,000m3/d. 
(5) Location of Pumping Station 
Dukou village of Hengnan County 
(6) Pipeline Direction of Project 
Total length of pipeline is 20,555m. Water intake→Dukou village→S316 provincial road→
Heshi village→G107 national highway→railway bridge opening near Zhongjiantang pool
→Yunji Avenue→Hengnan water plant→Hengnan river-crossing bridge→Yunji Avenue→
water plant of air defense brigade→Yunji Avenue→S214 provincial road→water plant in 
Chejiang Town  
(7) Total Investment and Financial Sources of Project 
Total investment by estimating is 38.5462million yuan, building engineering cost: 8.8726 
million yuan; installation work cost: 2.9817million yuan; equipment purchasing cost: 
20.4673 million yuan; other engineering cost: 3.3694 million yuan; preparation cost 
calculated as 8% of engineering cost and other engineering cost: 2.8553 million yuan. Its 
finance is collected by Xiangjiang Co.,Ltd itself.  
11.1.2 Environment Quality Present Situation and Targets of Environmental 
Protection 
1. Environment Quality Present Situation 
(1) Monitoring results of air quality show: daily mean concentration of monitoring factors 
as TSP, SO2，NO2 in evaluation area can reach II-level standard of GB3095-96 Ambient 
Air Quality Standard. Air environment in evaluation area is good. 
(2) Monitoring results of environmental quality of surface water show: hypermanganate 
and fecal coliforms in recommended source water and alternate source are higher than 
II-level standard of GB3838-2002 Environmental Quality Standard for Surface Water. 
Other monitoring factors can reach II-level standard of GB3838-2002 Environmental 
Quality Standard for Surface Water. Not much difference between water qualities of 
recommended and alternate intake points. Total nitrogen and fecal coliform of upstream 
S1 section, total nitrogen of downstream S2 section and total nitrogen and fecal coliform 
of downstream S4 section exceeded standards. Reasons for total nitrogen and fecal 
coliform and hypermanganate exceeding the standard are relate with sewage disorder 
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discharge by upstream residents. Pollutants discharge in terrestrial and aquatic areas of 
drinking water should be enhanced to improve water quality after project implementation, 
after project implementation. All monitoring factors in S6 section of Xiangjiang reached 
II-level standard of GB3838-2002 Environmental Quality Standard for Surface Water.  
 (3) Monitoring results of environmental quality of underground water show: all monitoring 
factors in well water of Dukou village near proposed pumping station are under III-level 
standard of GB/T14848-93 Environmental Quality Standard for Underground Water. Well 
water quality in Shuiping village of Chejiang Town is a little acid, which reasons are related 
to background values of regional water quality. Other monitoring factors not exceeded 
III-level standard of GB/T14848-93 Environmental Quality Standard for Underground 
Water. 
(4) Monitoring results of acoustic environment show: Pumping station neighborhood and 
areas along the pipeline meet the requirements of Acoustic Environment Quality Standard 
(GB3096-2008). 
(5) Monitoring results of regional main pollution sources show: Hengyang Chunhui 
Chemical Co, Ltd located 4000m upstream of the proposed water intake, which ammonia 
nitrogen in waste water is over 6.53 times of I-level of Integrated Wastewater Discharge 
Standard (GB8978-1996) caused adverse effect on water quality. Other monitoring factors 
reach I-level standard of Integrated Wastewater Discharge Standard (GB8978-1996). 
2 Environmental protection Targets 
Main targets and protective levels in Table11-1. 

Table 11-1  Targets for Environmental Protection 

Items Protective 
Targets  Location, Distance and Scale Protection Level 

Ambient 
Air 

Dukou Village 

Residential 

community  

Area(80m southeast of pumping station 

site) with 20 people 

GB3095-1996 Level 

2 

Area(100m-200m southwest of pumping 

station site) with 80 people 

Maotang Village 

Residential 

community  

Areas( 500m of each side of pipeline) 

with 300 people 

Heshi Village 

Residential  

Areas( 500m of each side of pipeline) 

with 800 people 

Yunji Town 

Residential 

community  

Areas( 500m of each side of pipeline) 

with 3500 people 

Jiahetang 

Residential 

community  

Areas( 500m of each side of pipeline) 

with 100 people 
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Liuhewan 

Residential 

community  

Areas( 500m of each side of pipeline) 

with 80 people 

Yangshuiping 

Residential 

community  

Areas( 500m of each side of pipeline) 

with 200 people 

Chejiang Town 

Residential 

community 

Areas( 500m of each side of pipeline) 

with 200 people 

Surface 
Water 

Leishui River 

1000m upstream to 100m downstream of 

proposed water intake 
GB3838-2002 Class II 

2000m to 1000m upstream of the 

proposed water intake, and area of 100m 

to 300m downstream  

GB3838-2002 Class Ⅲ 

Xiangjiang 

River 

1000m upstream of water intake of 

Hengnan County Water Plant to 100m 

downstream  

GB3838-2002 Class II 

100m to 1000m from downstream of the 

water intake of Hengnan Water Plant 
GB3838-2002 Class Ⅲ 

Under 

ground 

water 

Drinking water 

wells 
water pipeline nearby 

GB/T14848－93 Class 

Ⅲ 

Noise 

Dukou Village residential community within 200m from 

pumping station location 
GB3096-2008 Class 2 

All residential 

communities within 

200m from either 

side of pipeline 

30m from either side of 

S316,G107,Yunji Avenue,S214 
GB3096-2008 Class 4a 

Others GB3096-2008 Class 2 

Eco-syst

em 

Farmland and crops, soil and water loss to be prevented, keep animal& plant 

species and quantities in assessment areas not to be reduced. 

 

11.1.3 Conclusions of Rationality Analysis on Water Source Selection 
Baiyutan Reservoir of Leishui River has abundant water source, its water quality reaches 
standard of drinking water. Water conveyance pipeline is relative short to directly take 
water into intake basin of water plant.  
Water supply of new water source can be fulfilled by existing facilities and meet the target 
of developing new water source.  
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11.1.4 Conclusion of Pumping Station Site Selection 
No.1 water source point near Dukou village has advantages of distance, construction 
conditions, project investment and etc. Therefore it is reasonable to select No.1 water 
source point as pumping station site.  
11.1.5 Project Pollution Source and Its Environmental Impact Assessment  
(1) Waste gas in construction period includes construction dust, exhausted gas caused by 
machineries and vehicle tail gas. Exhausted gas caused by machineries and vehicle tail 
gas have no obvious effects on environment. Measures of dust control and dust reduction 
adopted by builder can control construction dust effectively. 
(2) Construction noises mainly are all kinds of machineries noise and traffic noise. To 
control the noise effect on surrounding by adopting rational construction schedule, 
reducing noise from sound source and transmission route. 
(3) Waste water in construction from two aspects: construction waste water and living 
sewage. Production waste water is hard to carry out centralized treatment. Temporary 
sedimentation basin is built in construction area by suggestion. To recycled and used for 
aggregate processing, concrete mixing and sprinkling to reduce dust and so on after 6 
hours sedimentation. Living sewage is mainly in living campus, temporary sedimentation 
basin built for waste water generated by constructors, which can be used for dust 
reduction of roads. Feces of constructors can be used as fertilizer, which has no obvious 
effect on water environment. 
(4) Waste solids in construction period include waste soil and living garbage. Waste soil 
should be filled back and removed timely. Living garbage should be move to waste landfill 
site in Hengnan County periodically. No obvious effect on surrounding environment. 
(5) Temporary land occupation of this project is 253.8mu; permanent land of pumping 
station is 172m2. Situation of vegetation deterioration is not serious, no obvious effect on 
land use. Farmland to be occupied in construction period will be restored after completion. 
Measures adopted to foster soils and soil quality will be improved gradually after fill back 
by microorganisms’  succession in soil. Soil erosion modulus probably is 2689t/km2.a in 
construction by  analog calculation. 80% of quantity of soil and water loss can be 
decreased by adopting soil and water conservation measure, which can reduce effect 
caused by soil and water loss. Pipeline construction will cause disturbance to living 
environment of flora and fauna (100m of each side of pipeline area). Pipeline construction 
is basically along with existing roads will not cause new effect of obstructing the path. 
Slight vegetation damage can be recovered by natural succession after completion. 
Pumping station construction adopts weir has little effect on aquatic environment of 
Leishui River. Vegetation will be recovered and road surface will be leveled after 
completion, so that adverse effect of landscape will disappear gradually. 
(6) It is a water conveyance project that no waste gas, water and solids generated in 
operating period. Noise source is mainly from submerged water supply pump. Noise level 
value of submerged pump is 90dB (A) by on-the-spot monitoring results of similar projects. 
Pump arranged in pumping chamber, 100m of surrounding area without residents and 
other sensitive points. It will not caused effect on residents’ living. 
11.1.6 Industrial Policy 
It is a water supply source project for urban and rural belonging to encouraging-type by 



 

101 

Guiding Catalogue of Industrial Structure Regulation (2001 Version), which accord with 
national industrial policy. 
11.1.7 Water Source Protection 
First-level Protection Area: 1000m upstream to 100m downstream of proposed water 
intake; 
Second-level Protection Area: 1000m to 2000m upstream of the proposed water intake, 
and area of 100m to 300m downstream; 
Terrestrial Region: Coast length of terrestrial region is the same as aquatic region. Area of 
50m distance between depth of terrestrial region coast and river bank is as First-level 
protection area. Coast length is equal to river length of aquatic region in second-level 
protection area. Area of 1000m coast depth is terrestrial region of second-level protection 
area. 
Leishui River first-level protection area should be protected on the basis of II-class 
standard of Environmental Quality Standards for Surface Water (GB3838-2002); 
second-level protection area to be protected as III-class standard. 
11.1.8 Public Participation 
Results of this investigation show that respondents know this project well. Public 
awareness of environmental protection in assessment area is strong. People here 
realized pollution caused by project and still supported it after investigators introduced 
project. They thought water safety for Hengnan County and nearby residents should be 
improved after project completion. But they are worried about eco-system and landscapes 
to be damaged, construction dust, noise and waste soil cannot be deal with well, or 
compensation work would be hard. Therefore builder must connect construction with 
environmental protection, carry out pollution control measures in each period and 
implement compensation accord with relative regulations to reduce the public worries. 
In general, public to be investigated will go along with project construction. Supervision 
and management to be enhanced by authorities and supervise builders to implement 
pollution control measures. 

11.2 Conclusion of Project Construction Evaluation 

Construction of this project accords with national industrial policy. Selection of Water 
source, pumping station and pipeline arrangement are proper. In construction period, all 
kinds of measures to be carried out, so that it have little effects on local air, water, acoustic 
environment and eco-system. No waste water, gas and solid waste generated in operating 
period. Running noise of pumping station will not disturb the residents. This project is 
feasible from analysis of environmental protection. 

11.3 Suggestions 

(1) Structure Design of environmental protection measures and construction drawing 
design should be carried out in execute phase. Work hard on supervision and 
management of environment and ensure implementation of environmental protection 
measures.  
(2) To enhance management in construction period and take civilized construction. Effects 
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caused by noise and dust on surrounding environment should be reduced. 
(3) Vegetation should be removed as required thickness, methods and procedure and 
properly kept together before ground breaking. 
(4) Prevent traffic noise from disturbing residents, roads with big traffic flow should 
arrange no-horn boards, shows car horn prohibited in nighttime and do not loud in 
daytime. 
(5) Construction machineries should be matched properly to decrease the combined noise 
level and workers should be protected. 
(6) In farmland work area, ditch work should be divided into several sections to excavate. 
Layered excavation, pile up and fill back methods should be adopted. 
(7) Vehicles should drive as specified route to avoid damaging original vegetation and soil 
on the ground. Other activities outside the work area should be controlled strictly. 
(8) Waste soil generated by construction to be used in proper way. Waste soil can be used 
to substitute for farmland soil or used to repair ditches. In hilly area, waste soil can be 
used to fill the low-lying section or build temporary construction road. 
(9) Reclamation after project completion as Regulations of Land Reclamation issued by 
the State Council. 
(10) To enhance legal education and management and implement relative laws and 
regulations, such as Wildlife Protection Law of the People's Republic of China. Strength 
constructor’s awareness of environmental protection, hunting of rare animals is forbid to 
reduce the adverse effect of construction on terrestrial flora and fauna.               
(11) Fire control education and relative measures should be enhanced. Fire alarm system 
is established in construction area to ensure the safety.
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Examination and Approval Form of Environmental Protection for Construction Project 
Unit（Stamp）：Hengyang Environmental Scientific Institute                 Filled by：Liu Wenwei                Project Agent 

（signature）：         

C
onstruction Project 

Project  Name Hengnan County New Water Source Project  Construction Site Hengnan County 
Contents of 

Scale of 
Construction 

a new water source to be developed and divert water to Hengnan, air 
defense brigade and Chejiang Town；70,000m3/d 

Construction Type □√newly build                □expansion            □ technological restore 

Industrial Type D4610 Production and supply of tap-water 
Management Class of 
Environmental Protection 

□ √ report     □table      □registration form 

Total Investment
（10,000 yuan） 

3854.62 
Environmental Protection 
Investment（10000yuan） 

125 Ratio（%） 3.24% 

Project 
Department 

 Approval Number  
Date of Project 

Initiate� 
 

Approval 
Department 

Hengyang Environmental Protection Agency Approval Number  Approval Date  

Builder 

Unit Name 
Hunan Xiangjiang Navigation 
Construction & Development 
Corporation Ltd. 

Telephone Number 18674729823 

Assessm
ent 

U
nit 

Unit Name 
Hengyang Environmental 

Scientific Institute 
Telephone 
Number 

0734-2892851 

Address 

12th floor of Dongcheng 
Building, No.99 second section 
of Furongzhonglu Road, in 
Changsha of Hunan 

Zip Code 421600 Address 1# Suyanjin in Hengyang City Zip Code 421001 

Legal 
Representative 

Zhou Zhizhong Contact Sun Bin Certificate No No.2715 Assessment fee  

Present status of 
regional environm

ent 

Environmental 
quality level 

Air：GB3095-1996  2-level；Surface water：GB3838-2002 II, Ⅲ levels；Noise：GB3096-93  2、4a class ；Seawater：/； Soil：GB15618-19952-level；others：/ 

Environmental 
Sensitive 
Feature 

□Protection area for drinking water source             □Natural Protection area               □Scenic Area               □Forest Park               □Basic Farmland Protection Area  
□Eco-system Protection Area              
□ Key Prevention Area of Soil and Water loss       □Eco Sensitive and weak area      □Dense population area               □National relic protection unit        □ 3 rivers、3 lakes、2 control 
area           □Three Gorges Reservoir Area 
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D
ischarge standard and control of pollutants

（Industrial project

）

Pollutants 

Existing Project（built+ building） This Project （proposed） Whole Project（built+ building+ proposed to build） 

Regional 
reduction 
quantity 

Actual 
Discharg

e 
Concentr

ation 

Allowed 
Dischar

ge 
Concen
tration 

Actual 
Emission

s 

Check 
Dischar

ge  
 

Predicted 
discharge 

concentration 
 

Allowed 
Discharg

e 
Concentr

ation 

Output  
Self 

Reduction 
Quantity  

Predicted 
discharge 
concentrati

on 

Check 
Discharge 

Pollutant 
Reduction 

Using new to 
lead old� 

Predicted 
discharge 

Check 
Dischar

ge 

Reduction 
of Emission 

Increase 

Waste water                
COD*                

SS                
Ammonia 
Nitrogen 

               

Boiler Smoke                
SO2*                

Smoke and dust                
Industrial Solid 

Waste 
               

Other 
On waste water, gas and solids in operating period, noise source is mainly from submerged pump，as results of similar monitoring：noise level value of submerged pump is 
about 90dB（A），noise can meet 2-level standard in GB12348-2008  after some measures 

Note：1、* pollutants in “Tenth Five-year Plan” (discharge quantity controlled by nation)             2、Reduction of Emission Increase：（+）means increase，（-）means decrease 3、unit of measure：waste 

water discharge ——10000 ton/year；waste gas emission ——10000m3/year；industrial waste solids discharge ——10000 ton/year； Water Pollutants Emission Concentration——mg/L；Air Pollutants Emission 

Concentration——mg/m3；Water Pollutants Emission——ton/year；Air Pollutants Emission——ton/year 

 




