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I INTRODUCTION

1. This summary environmental impact assessment (SEIA) is for the Kunming Qingshuihai
Water Supply Project (KQWSP), in the People’s Republic of China (PRC), under technical
assistance (TA) 4808-PRC from the Asian Development Bank (ADB). The Project is one of a
number of initiatives designed to address the increasing demand on water resources to support
the rapid growth of Kunming. The Project will make available 111 million cubic meters (m®) of
water per annum to be distributed as follows: 104 million m® for Kunming city, and 7 million m*
for Xundian County, based on projections to 2020. Eastern PRC and Yunnan Province are
presented in Maps 1 and 2.

2. This SEIA is based on the environmental impact assessment (EIA) report prepared by
the PRC Institute of Water Resources and Hydropower Research, Beijing, and the Yunnan
Water Resources and Hydropower Survey, Design and Research Institute (YDRI). It has been
augmented by the work of the project preparatory TA team in its project feasibility studies and
field inspections. The environmental management plan (EMP) has been developed by the TA
team in conjunction with the PRC project proponents, including the Kunming Water Supply
Group (KWSG). The EMP includes major mitigation measures described in the EIA and other
government documents related to project design and operation. The TA has developed
substantial additional EMP provisions based on its own investigations of hydrology, technical
designs, health and social impacts, and watershed policy considerations. The resulting
SEIA/EMP is wholly owned by the PRC project stakeholders and Kunming municipal
government (KMG).

3. The EIA went through rounds of revision based on inputs and suggestions provided by
the TA team specialists. The draft EIA report was submitted to the State Environmental
Protection Administration (SEPA) for review in February 2007 and supplemented in April 2007
by strategic environmental assessment and environmental protection plan following the EIA
requirements. SEPA considered the EIA report to be adequate and authorized the Yunnan
Provincial Environmental Protection Bureau (YEPB) for the EIA approval. The Soil Erosion
Prevention Plan (SEPP), as required by the Ministry of Water Resources, was reviewed and
approved by the Yunnan Provincial Water Resource Department (YWRD) in May 2007.

Il. DESCRIPTION OF THE PROJECT
A. Justification and Rationale for the Project
4. The present and continuing rapid population growth of Kunming is putting enormous
stress on city services, especially the provision of clean drinking water. This is especially

evident with the proposed establishment of new development areas for Kunming. Past and
projected Kunming populations are shown in Table 1.

Table 1: Projected Kunming City Population, 2002—2020

Year Population
2002 2,860,000
2020 5,810,000

Source: Feasibility study report.



5. Dianchi Lake, Kunming’s past water source, is polluted to an extent that it is currently
below Class V in the PRC surface water standards (GB3838-2002)." Consequently, KMG
moved to cease extraction of water from Dianchi Lake for domestic supply at the end of March
2007. This move was possible because at that time a number of alternative water supply
schemes were coming on line. In particular, the newly completed Zhangjiuhe reservoir replaced
the supply previously drawn from Dianchi Lake. Additional supplies from the Qingshuihai water
sources is required to sustain supply in the future as population grows. The map of the project
areas, Dianchi Lake, and project activities are presented in Map 3.

6. Qingshuihai water sources are located in the mountains of Xundian County to the north
of Kunming. By virtue of the mountains, there is more rainfall in this area than in Kunming, and
with limited development in the catchment, the water is of good quality while demand for it is
low. The detailed map of Qingshuihai water source area and the project infrastructure are
presented in Map 4.

7. One of the main advantages of sourcing water in the mountains is that all conveyance
can be achieved by gravity (no pumping, no energy consumption, therefore compliant with the
energy-saving policy), with most of the conveyance system in tunnels. The main advantage of
using tunnels is the lower requirement for land acquisition, as well as the shorter overall
conveyance distance required, which is better hydraulically with less surface disturbance. KMG
has prepared appropriate erosion prevention plans to mitigate the impact of spoil disposal at
several tunnel portals and adits.

8. The main advantage of using Qingshuihai is that it makes good use of existing
facilities—the natural Qingshuihai Lake and the existing Jinzhongshan reservoir—thus minimizing
the overall need for new inundation areas. It also helps minimize the need for any resettlement
and associated compensation, while also minimizing environmental impacts.

9. Jinshajiang River Basin. The Project has been examined in the context of the
Jinshajiang River Basin. This major river is a tributary of the Yangtze River and its basin covers
473,200 square kilometers (km?). The operation of the Project within the Yangtze/Jinshajiang
River basin is shown in Table 2 from the water sector analysis.

Table 2: Context of the Qingshuihai Water Sources within the Yangtze/Jinshajiang Basin

River Basin Catchment Annual Overall % of Proposed Transmission of
Area Average Flow Receiving River Transmission  Jinshajiang at
Tributary (km?) (million m?) (arealflow) Discharge Outfall
(million m%) %
Yangtze 1.80 x 10° 960,000 100
Jinshajiang 473.2x 10° 155,000 26.29/16.15
Xiaojiang  3.122 x 10° 1,120 0.66/0.72
Xiaojiangto  2.241 x 10°
Hydromet Station
Kuaihe 663.0 321.0 21.24/ 28.66 101.49 0.0590
Bangiaohe 102.0 81.74 15.38 / 25.46 59.23 0.0382
Shigiaohe 26.6 18.53 4.01/5.77 12.19 0.0079
Xintianhe 56.6 41.98 8.54 /13.08 30.07 0.0194

' The PRC has five water quality functions and corresponding standards: Class | is applicable to water sources and
national reserves. Class Il applies to Level | drinking water resources, precious fishery reserves, and fish nurseries.
Class lll is applicable to Level Il drinking water resources, general fish reserves, and swimming areas. Class IV is
used for general industrial water resources and secondary-contact recreation areas. Class V is mainly for
agriculture water resources and general-amenity purposes.



River Basin Catchment Annual Overall % of Proposed Transmission of
Area Average Flow Receiving River Transmission  Jinshajiang at
Tributary (km?) (million m?) (arealflow) Discharge Outfall
(million m%) %
Dabaihe 576.0 250.0 18.45/22.32 30.48 0.0197
Qingshuihai 34.5 24.70 5.99/9.88 24.70 0.00016
Tabizi Longtan small 5.78 NA/2.31 5.78 0.00004
springs

km? = square kilometer, m® = cubic meter.
Source: Kunming Loan Fact-Finding Memorandum of Understanding, Appendix 2 — Water Sector Analysis

10. Table 2 illustrates the hierarchy of river basins, with the Yangtze/Jinshajiang at the top
and the small tributary basins of the project water sources at the bottom. The table shows the
insignificant effect that the transmission of water from these tributaries will have on the
Yangtze/Jinshajiang river basin. The total volume of water to be transmitted by the Project is
about 0.0787% of the annual average flow in the Jinshajiang River basin. Additionally, the
return water reenters the Jinshajiang River basin via the Pudujiang/Dianchi basin.

11. In accordance with the requirements spelled out in Yunnan Provincial Provision for
Water Exploitation Permit (YWRD, 1998),%2 Kunming municipality and the Kunming Water
Bureau (KWB) prepared a Water Availability Study Report with support from YDRI in April 2007
to support the application for a permit The report shows that the projected water supply from the
Project is sustainable and there are no potential water user conflicts between the tributary
basins.

12. The application, supported by the Water Availability Study Report, has been favorably
reviewed by YWRD and a permit is to be issued by July 2007. In considering approval, YWRD
took into account the capacity of the Jinshajiang River basin to maintain its contribution to the
Yangtze River flows.

B. Project Components
1. Development and Consolidation of Water Resources

13. The Project comprises the collection and transmission of water from four locations on
the upper reaches of tributary streams to the Xiaojiang River, a first-level tributary of the
Yangtze River. Water collection will involve two new dams (Bangiaohe and Shigiaohe), the
raising of another dam (Xintianhe), and works to tap water from a spring (Tabizi Longtan). Water
will be transferred through a network of tunnels and channels to the existing Qingshuihai Lake
as shown in the project location map (Map 1). From Qingshuihai, the water will be transferred
through a combination of pipes and tunnels to two existing reservoirs. The main receiving
reservoir will be the existing Jinzhongshan (to be enlarged by a new dam, about 600 meters [m]
upstream from the old dam in Songming County) and Songhuaba (an existing reservoir) to the
north/northeast of the present Kunming city. Specifications for the planned works are shown in
Table 3. The maps of the water source areas, water transfer, and the layout plans of project
dams are presented in Figures A2.1-A2.6.

2 A permit is required if water exploitation/extraction exceeds 30,000 m3/day from surface water (rivers or lakes). The
KQWSP exceeds 200,000 m*/day.



Table 3: Summary of Reservoir Works

Item Unit Dam
Qingshuihai Bangiaohe Shigiaohe Xintianhe Jinzhongshan
Location Xundian Xundian Xundian Xundian Guandu District
County County County County Duilong River
Baizai River Bangiao River Shigiao River Xintian River
Catchment area km? 34.5 102.0 26.6 56.6 23.4
Average annual m® 24,700,000 81,740,000 18,530,000 41,980,000 9,770,000
runoff
Total storage m?® 154,170,000 2,515,000 1,835,000 9,600,000
Preferred dam Earth Earth Concrete Concrete Earth
type Gravity Gravity
Foundation Sandy, clay Basalt Basalt Mudstone/ Basalt
Lacustrine Shale
formation
Seismic Class VI VI VI VI VI
classification
(Intensity)
Dam height m 13 61.5 29 28.9 39.7
Crest length m 206.2 133.7 81 67.5 111

km? = square kilometer, m = meter, m°> = cubic meter.
Source: KQWSP interim TA report.

2. Water Transmission
14. The transfer system will be operated by gravity, through tunnels and pipes to the
Tongxin Gate. Tunnel construction will be by drill and blasting. At Tongxin Gate the regulated
flow from Qingshuihai can be split for discharge into Songhuaba and Jinzhongshan.

15. The tunnel and pipeline works are shown in Table 4.

Table 4: Water Conveyance Works

Section Tunnel Length (km) Aqueduct/Channel Length (km) Total (km)
Shigiao to Qingshuihai 13.92 0 13.92
Bangiao to Qingshuihai 2.40 0 2.40
Qingshuihai to Tongxin 36.97 6.15 43.12
Tongxin to Jinzhongshan 5.04 2.56 7.60
Tabizi to Qingshuihai 5.70 5.70

km = kilometer.
Source: KQWSP interim TA report.

16. The Project will submerge several roads near the reservoirs; some of them will be
rehabilitated, while the others will be the subject of compensation, as shown in Table 5.

Table 5: Road Works

Project Component Submerge Length (km) Reconstruct (km)
Qingshuihai Haiwei to management 3.8 4

office

Holiday village 2.3 Compensate

Qinghai to Haiwei 3.3 4.4
Subtotal 9.4 8.4
Jinzhongshan Laobao to Deshi 4 Compensate
Xintian Rural road 3.5 Compensate
Bangiao Rural road 4.2 Compensate

km = kilometer.
Source: KQWSP interim TA report



17. Complementary investments are required to make effective use of the new water
resource and to prevent secondary pollution from increased volumes of wastewater. The KWSG
will construct water treatment plants and distribution networks and the Kunming Dianchi
Investment Company will construct wastewater treatment plants (WWTPs) in the New Airport
Development Zone (NADZ) and the East Development Zone (EDZ). A water treatment plant
was constructed in 2005 and a WWTP is planned to be constructed in Xundian County. These
complementary investments are included in relevant local development plans for the period
2006-2010.

3. Institutional Component
18. KMG has developed the following arrangements for managing the Project.

(i) Project Leading Group (PLG),
(i) Project Management Office (PMO), and
(iii) Implementing Agency (KWSG).

19. The PLG coordinates activities and responsibilities associated with the Project. Its role is
to provide the political will to support the successful completion of the Project, and to integrate
the Project with government policies and procedures. The KWSG is the Implementing Agency
(IA) for the Project, and is responsible for constructing the scheme according to the final
approved design.

20. The PMO, the KWSG, and contractors have provided specialists to undertake the
environmental management activities prescribed in this SEIA. Environmental responsibilities in
different phases of the Project are listed in Table 6.

Table 6: Institutional Responsibility for Environmental Management

Phase Responsible Environmental Responsibility
Agencies
Preparation Environmental Prepare EIA and EMP for project
institutes
PMO, SEPA Review and approve the EIA and EMP
ADB, PMO Review and approve the SEIA including the EMP
Design Design Institute on Incorporate mitigation measures in the EMP in cooperation with
behalf of KWSG (IA) environmental institutes, engineering detail designs, and contracts
PMO, KWSG Obtain feedback and adjust EMP
Tendering PMO, Contractors, Incorporate EMP clauses in the bidding documents
KWSG
Construction PMO, KWSG, KEBP, Advise on implementation of mitigation measures
county EPBs
Contractors Implement mitigation measures
KWSG Undertake internal inspection and monitoring
KEPB, county EPBs Undertake external monitoring and inspect implementation of
mitigation measures.
Operation KWSG Undertake internal environmental monitoring and inspection
KEPB, county EPBs Undertake periodical and random environmental monitoring and

inspect environmental compliance

ADB = Asian Development Bank, IA = implementing agency, EIA = environmental impact assessment, EMP =
environmental management plan, EPB = environmental protection bureau, KEPB = Kunming Municipal
Environmental Protection Bureau, KWSG = Kunming Water Supply Group, PMO = project management office, SEIA
= summary environmental impact assessment, SEPA = State Environmental Protection Administration.

Source: Data from the PMO.



21. The KWSG will ensure that the EMP is followed in the preparation, design, construction,
and operation phases. Construction contractors will be responsible for implementing mitigation
measures during construction, while the KWSG will be responsible for implementing such
measures during operation. The KWSG will also be responsible for arranging environmental
monitoring reviews and responding to any adverse impacts beyond those foreseen. The
municipal and county EPBs will ensure compliance with PRC and local environmental
regulations through spot check or regular environmental monitoring and inspection during
construction and operation.

Il DESCRIPTION OF THE ENVIRONMENT

22. The large portion of the environmental description below is drawn from the EIA. Where
additional data were derived by the TA team, it is noted in the text.

A. Physical Environment
1. Topography and Geology

23. The Project is located in the northern section of the Yunnan Plateau with elevations of
between 2,000 m and 3,000 m. The predominant geomorphological influences are structural
faulting, erosion, and accumulation. Qingshuihai Lake is located on the fracture belt of the west
branch of the Xiaojiang River. It is formed by a rift valley—one of the youngest rift valley lakes of
the Quaternary period.

24, The main geological strata in the project area are sedimentary rocks, covering 80% of
the area. They comprise sandstone, shale, and frequent lenses of mudstone. Volcanic effusive
rocks cover the remaining 20% and are primarily from the Permian System basalt group. There
are small, isolated metamorphic rock occurrences in the area, comprising mainly slate and
dust/stone in phyllite sediments.

2. Soil

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

3. Climate and Rainfall

26. The project area has warm springs with very low rainfall, dry wind, and high evaporation.
The summers are long with frequent thunderstorms and high rainfall. Autumns are cool with little
rain. Winters are generally frost-free, with little rain and clear skies. The annual temperature
range is small, although the diurnal range can be quite large.



27. Kunming, Songming, and Xundian weather stations record annual falls of around 1,000
millimeters (mm). In the project counties 89% of annual rainfall occurs in the period May—
October. Within this period the true “wet season”, when 60% of the year’s rain falls, is June—
August.

4. Hydrology

28. The Project covers three drainage basins of the Jinshajiang river system: the Dianchi,
Niulangjiang, and Xiaojiang basins.

29. The runoff of each drainage basin in the project area is mainly from rainfall and occurs
generally in June to September. There is also some snow melt entering the Xiaojiang basin in
spring. The Dianchi basin makes the smallest contribution of 230,000-370,000 m%km?. The
Xiaojiang basin makes the largest contribution of 500,000—1,200,000 m*/km?.

30. The Xiaojiang basin is the major water resource of the Project. The Xiaojiang River is a
tributary of the Jinshajiang River. It is 134.4 kilometers (km) long and covers 3,122 km? in runoff
area. It develops in the Qingshuihai lake area. The Bangiaohe, Shigiaohe, and Xintianhe
tributaries of its left branch (the Kuaihe) are the major water resources of the KQWSP.

5. Individual Source Site Hydrology

31. The following outline of the hydrological features at each of the impoundment sites has
been derived from hydrological investigations undertaken by the KWSG and the TA team.

32. Qingshuihai. Qingshuihai lies in the northwest portion of Jinsuo township, Xundian
County. It is a natural lake and water previously drained to the Dabaihe through the Baizaihe at
the lake’s tail, finally entering the Xiaojiang River system. The runoff area of Qingshuihai
occupies 34.5 km? and the water surface covers 5.63 km?.

33. Past abstraction schemes at Qingshuihai (the Shengli canal, 1956; and Qingshuihai-
Maichong tunnel, 1972) reduced water levels in the lake, and from about 1975, water no longer
flowed from the lake downstream into the Dabai River. To offset this water loss, the Xintianhe
Water Project was built in 1986 to transfer water from the Xintianhe into Qingshuihai. With the
contribution of this Project, the water level of Qingshuihai has recovered, although not enough
to reestablish the water flow downstream to the Xiaojiang system. Currently the water level of
Qingshuihai is maintained at 2,168 to 2,173 m and the storage capacity at 77,780,000 to
108,880,000 m3. The year’s average incoming water capacity is 24,720,000 m?.

34. Xintianhe. The Xintianhe is one of the major tributaries of the Xiaojiang system. An
intake dam to store and transfer water from the Xintianhe into Qingshuihai already exists and
will be refurbished. The permanent watercourse up to the intake is 18.6 km long, and the runoff
area covers 56.6 km2. The year’'s average runoff capacity is 41,980,000 m3, and it contributes
7% of the total runoff of the Xiaojiang system.

35. Bangiaohe. The Bangiaohe is a large tributary of the Kuaihe, upstream of the Xiaojiang.
The catchment area covers 102 km? and the watercourse is 16.5 km long. The annual average
runoff capacity is 81,740,000 m3. It contributes 14% of the total annual flow of the Xiaojiang.



36. Shigiaohe. The Shigiaohe, a tributary of the Bangiaohe, has a runoff area of 26.6 km?2.
The annual average runoff capacity is 18,530,000 m3, and it contributes 3% of the yearly
average flow of the Xiaojiang.

37. Tabizi Longtan. The Tabizi Longtan site is an elevated (2,240 m), spring-fed
watercourse with a small annual average flow of 5,740,000 m*. A transfer canal has already
been built to take water into the Qingshuihai, with design transfer capacity of 1.0 m® per second.
This channel was intended to operate in combination with the Xintianhe transfer to provide
water to Qingshuihai and ensure the continuation of existing supplies from the lake to Xundian
County. The Xintianhe transfer was found to be sufficient and the Tabizi Longtan transfer was
never commissioned.

6. Soil Loss

38. The background soil loss in the region calculated by the rational method is medium to
light. The average baseline soil erosion intensity for the assessment area is 1,163 tons per km?
per year (t’km?/year). The five township areas in Xundian County where project construction
activities will occur have a higher baseline average of 2,126 t’km?“/year, and the most affected
townships, Liusha and Tiansha, have even higher baseline soil erosion intensities of 3,124
t/km?/year and 2,850 t’km?/year, respectively.

B. Ecological Resources

39. The flora in the Project belongs to the Yunnan Plateau Region of the Yunnan Botanical
Subregion. Although the area is extensively vegetated, the Central Yunnan Region (in which it is
located) contains few rare and endangered plants. In a field survey and literature review
especially commissioned for the EIA, a comprehensive inventory of 806 plant species was
recorded in the reservoir areas, dam sites, along canal routes, and road construction areas®.
These were checked by the TA team against the International Union for the Conservation of
Nature Red List of plants for the PRC. No species recorded in the survey are listed as rare,
threatened, or endangered. Nor are any of the species listed as nationally or provincially
protected plants by the central Government.

40. The survey also classified the project area vegetation into major plant communities.
These are evergreen broad-leaved forests, deciduous broad-leaved forests, warm conifer
forests, and limestone mountain shrubland.

41. The majority of existing evergreen broad-leaved forests are regrowth, with diminished
richness of species. This community makes up much of the headwaters conservation vegetation
associated with the montane areas of Kunming municipality. Deciduous broad-leaved forests in
more remote areas form a natural community with old growth. Near residential areas and
villages, however, they are extensively used and disturbed by human activities. Warm conifer
forests are considered a regrowth vegetation developed from semi-wet evergreen broad-leaved
forests following clearing or extensive disturbance. They are either a Yunnan pine forest or a
China almond pine forest. Limestone mountain shrubland on steeply sloping land is often little
disturbed by human impacts. In the assessment area, natural shrublands occur mainly on the
eastern banks of Qingshuihai and around Tabizi Longtan.

% Undertaken by the School of Life Sciences, Yunnan University, Kunming.



42. No rare and endangered terrestrial animals were found in the assessment area by the
EIA survey.* However, two species of amphibia (Himalayan salamander and Yunnan spiny
frog), three reptiles (bamboo rat snake, stripe-tailed rat snake, and keeled rat snake), and six
birds are recorded as rare and endangered in the literature for the region. Habitats for the
amphibia and reptiles are known to occur in the assessment area. The six bird species are
winter migrants and a conservation area 10 km away from the assessment area is one of their
winter habitats.

43, Due to lower levels of human activity in these remote areas, water is clean and
relatively unpolluted, leading to high species diversity of the lower aquatic taxa in the major
water bodies. An aquatic ecology survey undertaken by the School of Life Sciences of Yunnan
University in May 2005 found 93 species of aquatic plants and 134 species of aquatic
invertebrates and molluscs. Levels of phytoplankton, zooplankton, and algae indicate a
substantially intact ecosystem in the lakes. In the smaller rivers and streams, however, species
diversity at all levels of aquatic taxa is much more limited. In terms of aquatic habitat, Shigiaohe,
Bangiaohe, and Xintianhe are similar. All have a low index of biodiversity.

44, There are few fish species in the assessment area. Shigiaohe and Bangiaoche are
especially depauperate, with no native species and only two exotics. Of the native fish species,
the Anabarilius xundianensis (Xundian white fish) occurring in Qingshuihai Lake is an endemic
species and has provincial protection status.

1. Water Quality and Pollution

45, The water quality of existing water bodies from which water transfer schemes are
planned in the KQWSP was analyzed from samples collected during a range of flow periods by
the EIA team. Multiple samples were collected and analyzed in 2004 and 2005. The results
were assessed against the Water Quality Classification for Water Bodies under National
Standard GB3838-2002. The results are summarized, in Table 7.

Table 7: Ambient Water Quality

Water Body Flow Condition Water Quality Over Standard
Standard Parameters
Qingshuihai High Il
Low Il
Jinzhongshan High A TN
Low v TN
Bangiaohe Normal v TN, TP, enteric coliform
Shigiaohe Low Il
Xintianhe High Il
Tabizi Longtan High Il

TN = total nitrogen, TP = total phosphorus.
Source: Data taken from EIA, amended in Qingshuihai Water Source Environmental Management Project Planning
Report, April 2007.

46. The research and assessment of baseline water quality show that the main reason for
the over-standard contamination (total phosphorus, total nitrogen, and enteric coliform group) is
from uncontrolled village garbage and sewage disposal, and agricultural pesticide and fertilizer
residues in surface runoff.

* Field surveys undertaken by Yunnan University in June 2005.
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2. Air and Noise Environment

47. On the basis of the existing records of ambient air and noise reported for each
administrative district, the EIA concluded that atmospheric pollution and noise levels are
generally low. Moreover, the area where the Project lies has very good atmospheric diffusion
conditions. The major potential air pollution in the area is from domestic fuel and seasonal
stubble burning. There are no significant noise sources in the assessment area, so the acoustic
environment is good.

C. Social and Economic Conditions

48. In 2005, the average household size in Kunming municipality was just under 3 persons,
with only 1.33 persons per household in paid employment (Table 8). Average annual disposable
income for the same period was CNY9,616/person. This is slightly above the average annual
disposable income for the whole of Yunnan Province, which is CNY8,871/person and reflects
the socioeconomic primacy of the Kunming area in the province. At the county level, Xundian
County is by far the poorest, with Songming next. The Guandu area has the highest per capita
incomes, almost three times higher than that of Xundian.

Table 8: Socioeconomic Indicators in Project Areas

Item Xundian Songming Guandu Area Yunnan PRC
County County (includes NADZ) Province

Population (10,000 50.08 33.96 60.24 4,411.50 125,300
persons)
Nonagricultural population 3.13 3.67 36.15 705.80 31,325
Agricultural pogulation 46.95 30.29 24.09 3,705.70 93,975
Land area (km?) 3,598 1,357 992 394,100 9,600,000
Population density 139 250 607 112 131
(persons/km?)
Average disposable 8,871 9,422
incomes (CNY) ?
Average net incomes 1,382 2,304 4,687
(CNY) a

km? = square kilometer, NADZ = New Airport Development Zone, PRC = People’s Republic of China.

@ The statistics available for average net incomes for Xundian and Songming counties and Guandu area are
calculated on a different basis and cannot be used for comparison with the Kunming municipality figures.

Source: KQWSP draft resettlement plan.

49, The social economy in Xundian County is the least developed. Currently, the gross
domestic product per capita of the county is 15% of the Kunming municipal average and 42% of
the provincial average. Net income per farmer is 59% of the average for the whole province.
Xundian is listed as a national impoverished county. It is also an autonomous county populated
by Hui and Yi ethnic minorities. The social survey found no basic differences in the livelihood
patterns of the different minority groups in the project area, as they live in mixed villages. A total
of 5,692 ethnic minority people live within the villages of the water catchments.

50. Songming County is not only an important supplier of food commodities, but also one of
the prime state tobacco-growing centers. Agriculture makes the major contribution to the
county’s economy. In recent years, however, light industrial developments have been steadily
growing in many townships and villages, although none are located in the assessment area.
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51. No important historic sites requiring protection were reported in the literature or observed
in the many surveys carried out for the EIA. Nor were any ancient or precious trees or other
plants found during data review or field survey.

V. CONSIDERATION OF ALTERNATIVES
A. Without-Project Alternative

52. The total water resource capacity in the Dianchi drainage area is 0.567 billion m® and the
mean available water resource is only 271 m*/person. This compares very poorly with the mean
water resource in the whole province, which is 20 times higher. The total water shortage in a
medium-dry year for the Dianchi drainage area is 1.046 billion m*. Not only is the supply from
the lake dwindling; the water quality is also seriously declining as a result of wastewater
discharge and polluted runoff entering the lake from the Kunming conurbation. Thus, the current
situation as regards both supply and quality is not tenable even for a very modest rate of growth
for Kunming. The fact is, Kunming is planning massive growth and the water supply shortfall
against this elevated demand is critical (Table 9).

Table 9: Water Demand and Supply Without Project, 2007 to 2020

Area Water Demand 2007 2010 2015 2020
million m* million m® million m* million m*

Kunming Main City 404.0 415.8 398.8 408.3
Eastern Development Zone 294 524 88.6 125.3
New Airport Development Zone - 9.2 18.5 23.7
Total Water Demand 433.4 477.3 506.0 557.3
Water Availability without Qingshuihai 459.5 487.1 454.0 454.0
Net Projected Balance ® 26.1 9.8 -52.0 -103.3
m° = cubic meter.
Source: KWSG DI and PPTA Model.
53. In this context, the “do nothing” alternative will constrain the future growth and economic

prosperity of Kunming. It will also result in increasing health and sanitation problems for the
residents of Kunming as pollutants concentrate in Dianchi Lake and existing treatment
capacities become less effective.

B. Continued Use of Dianchi Lake with Additional Water Treatment

54. To continue using water from Dianchi, vastly improved wastewater collection and
treatment will be required to limit effluent discharge back into the lake. This, however, would not
address the current and future shortfalls in water supply. This alternative will, therefore, result in
significant cost increases for additional treatment without solving the supply problem. The
potential environmental benefit of this alternative would be the improvement in the overall
quality of wastewater entering Dianchi Lake. However, this again would be offset by the
gradually decreasing water volume in the lake and the consequent concentrating of runoff
pollutants and any residual contaminants entering it through wastewater.

C. Major Alternative Water Supply Schemes Compared

55. A Kunming city long-term water supply plan was prepared in 1994 and reviewed in 2003.
The plan proposed and assessed 14 options or combined options for water delivery. The
comparison (Table 10) shows that the Qingshuihai alternative is the one that combines the
highest quality water with the lowest water lift requirements.
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Table 10: Kunming City Water Supply Options

Option Water Distance  Water  Water Lift Remarks Rank
Supply (km) Quality (m) and
(100 (KWh/m?®)
million m®)
Zhangjiuhe — 218 87.0 Nil Sufficient water of good quality, Already
Songhuaba gravity flow. As it was the No.1 implemented
Reservoir option in 2003, this project has
been constructed and will be
tested /commissioned in 2007,
and treated water will be supplied
to Kunming.
Qingshuihai 1.53 55.8 -1l Nil Good quality gravity flow, 1
— Songhuaba relatively short distance, low
Reservoir submergence of land, low
operating cost, relatively easy
construction conditions, with
limited to low risk.
Fenglongwan 2.88 73.45 1 190 Water quality is acceptable, with 2
— Songhuaba sufficient quantity, short distance
Reservoir to Kunming, with limited
submergence of land, but water
has to be pumped. Seen as a
good future option.
Niulangjiang 3.58 150 \ 300 Water pumping power required 3
— Deze 126 MW, high operating costs,
Water now to supply water to Qujing
Transfer City north-east of Kunming.
Fuxianhu — <05 58 -1l 280 Good quality water but insufficient Rejected
Guolin quantity, and withdrawal will
Reservoir reduce hydropower production
downstream.
Daimaoshan 1 91 I 345 Reservoir will incur serious Rejected
— Songhuaba (1.75) leakage, and a large area would
Reservoir have to be submerged.
Chemabi 1.2 ] n/a The reservoir capacity is restricted Rejected
Reservoir — because of the existing railway.
Songhuaba The dam could only be 35 m high,
Reservoir and supply would depend on flood
season flow. This project will also
supply water to Qujing City north-
east of Kunming.
Jiaopingdu — 10 IV 1400 Water supply is plentiful, but Rejected
Baoxianghe (7.02) operating costs to pump water will
Reservoir be high (806.4 MW)
Zhangjiuhe — \ 470 High operating costs for pumping, Rejected
Xibaishahe (2.34) and would conflict with the
Reservoir Zhangjiuhe - Songhuaba option
Niulangjiang 1.2 \% 210 Water quality is poor. Rejected
— Guolin

Reservoir
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Option Water Distance  Water  Water Lift Remarks Rank
Supply (km) Quality (m) and
(100 (kWh/m®)
million m®)
Chaishitan — 2 86 Poor V 380 Water quality is poor, reservoir will Rejected
Guolin (1.9) have limited regulating capacity,
Reservoir and operating costs for pumping
are high.
Xiaohe — 0.5 -1l Good quality water, and no need Rejected
Songhuaba for new water storage and transfer
Reservoir works, but the reservoir has
serious leakage and a large
submerged area.
Mangtuohe — 1.8 350 Water is polluted from upstream, Rejected
Xibaishahe the reservoir would have serious
Reservoir leakage, high pumping costs, and
large submerged area.
Ximahe — 1.5 251 Poor geology, so difficult to build a Rejected
Songhuaba reservoir, and it would involve a
Reservoir large submerged area.

kWh = kilowatt hour, km = kilometer, m = meter, m° = cubic meter, MW = megawatt.

Source: Kunming Water Supply Group.

D. Preferred Alternative

56. The preferred scheme, the KQWSP, transmits water from the Qiaojiang river system to
Kunming via Jinzhongshan reservoir through a series of long tunnels. It draws water from a river
basin that is subject to negligible wastewater disposal and only slightly polluted runoff from
agriculture (and none from industry). Consequently, the water quality is relatively high and will
require only low-level water treatment at the consumer end. Water transmission is gravity
based, which will result in lower long-term operating costs.

57. Tables 11 and 12 show the correspondence between Kunming’s water demand and the

supply from the preferred scheme.

Table 11: Kunming Base Case Water Supply, 2007 to 2020 (million m?)

Water Source 2007 2010 2015 2020
million m® million m® million m® million m®

Songhuaba Reservoir 140.4 140.4 140.4 140.4
Baoxianghe Reservoir 15.6 15.6 15.6 15.6
Dahe and Chaihe Reservoir 35.8 35.8 35.8 35.8
Shalang Diversion 11.0 11.0 11.0 11.0
Groundwater 63.1 63.1 30.0 30.0
Chenggong Groundwater 2.6 2.6 2.6 2.6
Dianchi Lake 27.0
Zhangjiuhe 164.0 218.6 218.6 218.6
Qingshuihai - - 104.0 104.0
Subtotal 459.5 487.1 558.0 558.0

m° = cubic meter.

Source: Kunming Water Supply Group Company Design Institute and project preparatory technical assistance Model
Note: It is anticipated that groundwater use would be reduced from 2012, once Qingshuihai is commissioned.
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Table 12: Water Demand and Supply Balance, 2007 to 2020

Area Water Demand 2007 2010 2015 2020
million m* million m* million m* million m®

Kunming Main City 404.0 415.8 398.8 408.3
Eastern Development Zone 29.4 52.4 88.6 125.3
New Airport Development Zone - 9.2 18.5 23.7
Total Water Demand 433.4 477.3 506.0 557.3
Water Availability with Qingshuihai 459.5 487.1 558.0 558.0
Net Projected Balance ® 26.1 9.8 52.0 0.7
m° = cubic meter.
Source: KWSG DI and PPTA Model.
58. Increased water use in Kunming will require a concomitant increase in wastewater

treatment capacity before discharge downstream, to ensure that the water quality of Dianchi
Lake will not be further impacted. It is expected that the higher volume of wastewater, if properly
treated, will improve the water quality in Dianchi Lake. The plan is to initiate water conservation
and water reuse programs to complement the water supply scheme.

59. The preferred scheme will have environmental impacts that are fully accounted for in the
EIA and addressed in the EMP. The most significant potential impacts will arise from

(i) the disposal of over 2 million m® of spoil from tunnel construction and other
excavations, and

(i) the relocation and resettlement of an estimated 800 people directly affected by
inundation and construction activities.

60. This SEIA and EMP describe mitigation and offsetting measures to address these and
the range of lesser potential environmental impacts associated with the Project.

V. ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES

A. Positive Impacts and Environmental Benefits
1. Relief of Pressure on Groundwater Resources
61. The present water supply structure of the EDZ is dominated by groundwater extraction

(4,500,000 m®/year). Groundwater has been excessively pumped and has been dropping
gradually to the point where continued extraction is not sustainable. The EDZ is the second
largest user of groundwater after North City. Water supply from the Project will relieve pressure
on this dwindling groundwater resource.

2. Poverty Reduction

62. The primary beneficiaries of the Project will be the recipients of the water supply
transferred to Kunming city, and the NADZ and EDZ. Although the water is primarily intended
for the two new development zones, since the whole of Kunming city is networked as an
integrated water supply system, the Project’s water will also supply the existing Kunming urban
area. In addition, it is planned to use surplus water to replace the water of Caohai, part of
Dianchi Lake. The whole future population of Kunming will be beneficiaries.
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63. The urban poor are likely to derive proportionately greater benefit from the maintenance
of a noncontaminated water supply, as they can least afford the cost of drinking bottled or boiled
water or the increased costs of lost work time.

3. Health Benefits

64. The Project has significant implications in terms of preventing future health problems.
Based on an estimated 10% increase in waterborne diseases as a result of the contamination
problems associated with water shortages, increasing difficulties of treating water, and more
frequent prolonged storage of water in the home, the health assessment estimated that up to
1.5 million cases of diarrhea and 4,450 cases of major waterborne diseases could be prevented
over the years from 2013 to 2020 as a result of the Project.

4, Improved Water Supply to Xundian County

65. The supply of 7 million m* annually to Xundian County will augment the 10 million m*
annually currently supplied from Qingshuihai Lake through the Maichong tunnel. Due to the
elevation of the Maichong offtake, the existing supply only flows during the wet season when
lake water is highest. The new supply will be constant year-round.

5. New Downstream Flow for Dabaihe

66. Due to past abstraction schemes at Qingshuihai, no water has flowed from the lake
downstream into the Dabai River since 1975. The operation of the KQWSP will pass 1.63
million m* annually downstream from the Qingshuihai dam as environmental flows. Unlike the
other source areas, the terrain immediately downstream of the Qingshuihai dam is gentle, and
the new water source will increase livelihood options for households in the area.

B. Water Availability

67. The water yield analysis® undertaken by the Yunnan Design Research Institute (YDRI)
for the KWSG shows that the projected supply from the Project is sustainable. The analysis is
based on available data of catchment size and runoff rates correlated with long-term stream
flow records from the main gauges at Jinzhongshan and on the Xiaojiang River. Short-term (15
years) data was taken from the Bangiao River gauge station.

68. The analysis was checked and confirmed by the TA team and reported in
Supplementary Appendix C of the report and recommendation of the President. Using the data
provided by this report, the project water balance for upstream (Table 13) and downstream of
Qingshuihai Lake (Table 14) was prepared® to illustrate water availability.

Table 13: Water Balance for Upstream Catchment of Qingshuihai Lake

(million m®)
No Item Qingshuihai Shigiao Bangiao Xintian Tabizi Sum
Longtan
1 Inflow 24.70 18.53 81.74 41.93 5.76 172.66
2 Water for See Table 0.63 No users  Provided by No users 0.63
downstream users 11 Lanniging

reservoir

° YDRI. 2007. Water Availability Study Report, Internal report to KWSG.
6 By ADB consultant, Dr. Jiang Lin.
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No Item Qingshuihai Shiqiao Bangiao Xintian Tabizi Sum
Longtan
3 Downstream flow See Table 5.71 22.51 11.86 0.00 40.08
11

4 Available water for 24.70 12.19 59.23 30.07 5.76 131.95
transfer (1-2-3)

5 Water loss during 0.49 1.18 0.30 0.23 2.20
water storage and
transfer

6 Transferred water 24.70 11.70 58.05 29.77 5.53 129.75
into the Qingshuihai
reservoir (5-7)

7 Inflow minus 0 0 0 0 0
(2+3+4+5+6)

m°® = cubic meter.

Source: Data from Water Availability Study Report, 2007.

Table 14: Water Balance for Downstream Catchment of Qingshuihai

(million m?)

No Iltem Qingshuihai Jinzhongshan Sum
1 Inflow 129.73 9.77 139.50
2 Downstream flow 1.61 3.67 5.28
3 Water loss 16.68 1.03 17.71
4 Water supply to Songming 3.10 3.10
5 Water supply to Xundian 16.57 16.57
6 Water supply to Kunming 94.87 1.97 96.84

Inflow minus (2+3+4+5+6) 0 0 0

m® = cubic meter.

Source: Data from Water Availability Study Report, 2007.

C. Wastewater Treatment Capacity in Kunming

69. Currently, Japan Bank for International Cooperation is financing KMG to expand and
upgrade the existing wastewater treatment plants (WWTPs) to meet the PRC standard with a
total investment of CNY3.87 billion, of which CNY1.69 billion is contributed by KMG. The project
commenced on 30 April 2007. The new airport development zone (NADZ) and new east
development zone (EDZ) which will be the main water beneficiary areas will build four new
waste water treatment plants with a combined capacity of 200,000 cubic meters per day. Table
15 shows the extent of WWTP capacity upgrade in Kunming.

Table 15 Kunming Waste Water Management Capacity to 2012
(m? per day)

Plant Current Capacity (2006) Capacity by 2012 Remarks
No.1 WWTP 120,000 120,000 Upgrade
No.2 WWTP 100,000 100,000 Upgrade
No.3 WWTP 150,000 210,000 Upgrade and expansion
No.4 WWTP 60,000 60,000 Upgrade
No.5 WWTP 75,000 170,000 Upgrade and expansion
No.6 WWTP 50,000 130,000 Upgrade and expansion
No.7 WWTP 200,000 New construction
Sub-total 555,000 990,000
New Airport
Development Zone
North WWTP 50,000 New construction




17

Plant Current Capacity (2006) Capacity by 2012 Remarks
South WWTP 300,000 New construction
East Development
Zone
Laoyuhe and 120,000
Luolonghe WWTP

m°® = cubic meter, WWTP = wastewater treatment plant.
Source: Data from Water Availability Study Report, 2007.

D. Impacts Associated with Project Location, Planning, and Design
70. Impacts can be grouped spatially and functionally as follows:

(i) environmental issues at the dams and upstream,

(i) environmental issues downstream of the dams, and

(iii) environmental issues in other areas.
1. Environmental Issues at the Dams and Upstream

71. Activities in this area include (i) new reservoirs at Bangiaohe and Shigiaohe; (ii)
expanded reservoirs at Qingshuihai, Jinzhongshan, and Xintianhe; (iii) new dams at all
locations; (iv) offtake and intake structures; (v) local water transmission works; (vi) ancillary
developments; (vii) local quarries and spoil disposal; and (viii) construction camps.

72. Loss of Biophysical Array. Loss of the biophysical array to the above developments is
shown in Table 16. These areas are estimates drawn from a combination of the EIA survey, the
SEPP, and those in the resettlement planning documents. Discrepancies among the documents
were resolved by field inspection.

Table 16: Submerged Area and Dam Area
(hectare)

Forest and Woodland Shrubland Grassy Shrubland/Grassland Fringing Marshland Beaches and Flats

13.8 57.74 51.15 3.13 1.5

Sources: Data from EIA, SEPP, resettlement surveys, and field inspections by TA team.

73. In the EIA, comparison of the changes in the various land use types before and after
implementation of the Project concluded that the regional areas of forestland, shrubland, and
grassland will be only marginally reduced. Impacts, however, will be at the local level, and
measures to minimize encroachment on forest areas and for the rehabilitation of damaged
natural areas will be included in designs and construction contractual obligations.

74. The aquatic surveys undertaken for the EIA show that at present there is no hydrostatic
habitat in Bangiao, Shigiao and Xintian rivers. With the completion of the works, once the
reservoirs start to store water, flow speed will slow down, and the quantity of phyto- and
zooplankton is expected to increase accordingly. Impoundments will also increase the area of
habitats for amphibious animals and the increased plankton populations will enhance this
habitat. The EIA concludes that the changes will favor the survival of the Himalayan salamander
and the Yunnan spiny frog.
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75. The three rare and endangered rat snakes all live in paddy fields and beside streams
where they can catch small fish. Once the reservoirs start to store water, they will have more
food sources. The EIA concludes that project operation will favor the survival of these snakes.

76. The migratory winter water birds, which visit the area from November to March, will
benefit from the larger water surface at Qingshuihai and the increased area of shallow water
habitat in the northern part of the lake.

77. There are no migratory fish in any of the water bodies. The EIA concludes that during
the operation of the reservoirs, the common and widely distributed indigenous fish species will
be affected in different ways. Those which require a fast-moving water habitat will move
downstream. Those with a wider habitat amplitude will adapt to reservoir conditions.

78. Once the Project starts to operate, changes in water levels in Qingshuihai will occur at
different frequencies. During the initial operation of the reservoir, potential changes in the
habitat of the rare and endangered Anabarilius (Xundian white fish) will be monitored and
managed. Changes in water levels in the lake between March and May, the main reproductive
period of the endangered Xundian white fish, will occur at non-natural frequencies. There is no
research to accurately determine the threshold values of water level variation that the Xundian
white fish can adapt to. Additional studies on the impacts of water level variation and flow speed
variation on its reproductive behavior and incubation success will be undertaken to design an
effective long-term management plan for this species.

79. While ecological studies of the fish are being completed, floating fish nests for semi-
artificial breeding will be installed. The nests will provide a site for egg laying while aquatic
plants (the usual nesting sites) recolonize the new shallows of the expanded Qingshuihai Lake.

80. Loss of Agricultural Assets. The loss of agricultural assets to development is shown in
Table 17. The figures are estimates drawn from the resettlement planning documents and field
inspection.

Table 17: Agricultural Land to Be Submerged in Five Reservoir Area

(hectare)
Paddy Dry Land Cropping Intensive Vegetable Growing
69.1 63.48 8

Sources: Data from EIA, SEPP, resettlement surveys, and field inspections by TA team.

81. An estimated total of 140.58 hectares (ha) of agricultural land will be permanently lost
due to inundation and development at the dams and upstream. A minimal amount of agricultural
land is lost to quarrying or spoil disposal, and little is lost to road works. But the bulk will be lost
to inundation in the new or expanded reservoirs as evidenced by the high proportion of “paddy”
or irrigated fields lost. These fields occupy floodplain areas, which are the first to be inundated.

82. The KWSG must obtain approval from the local land administration departments to
alienate farmland. Under the relevant legislation and principles that apply in the PRC (Appendix
1) in such cases, farmers who lose land permanently will be compensated by replacement with
land of equivalent quality and quantity, or through a lump sum payment.

83. Loss of Residential Land and Homes. Loss of residential land will result from
inundation. No permanent built works or infrastructure is sited on residential land. Based on
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estimates drawn from the resettlement planning documents, residential land to be submerged in
the five reservoir areas totals approximately 6 ha. Although the total number of people to be
resettled for the KQWSP is not large by PRC project standards, the success of the resettlement
plan (RP) will be one of the keys to successful construction of the Project.

84. The draft RP estimates that land acquisition and house demolition will occur in 2
counties, 4 towns, 6 administrative villages, and 8 natural villages. Some structures will have to
be demolished, including 56,633.90 square meters (m?) of residential houses and 7,080.93 m?
of non-residential houses (village office and institutional buildings). In total, 177 households with
702 persons will be permanently affected by land acquisition and 494 households (2,101
affected persons [APs]) will be affected by house demolition. In addition, temporary land
occupation during the construction phase will affect 103 households with 385 APs.

85. Of the small ethnic minority population in the catchment areas, only one household
which will need to be resettled and just two households will have to be compensated for loss of
agricultural land through inundation. The other minorities in the catchment areas, as with the
Han majority, are likely be affected only indirectly by future water source protection measures.
No ethnic minority people will be directly affected by dam construction.”

86. The draft RP addresses the relocation needs of the affected households and has
identified resettlement site options in the existing villages. Detailed information will be collected
for each site and the two county governments will revise the draft RP based on the physical
indices survey and include details of the resettlement sites, location, number of affected
households, number of affected persons, land areas, and infrastructure plan for each village.

87. The RP will be implemented in accordance with all applicable PRC laws and regulations
(Appendix 1), and ADB’s Involuntary Resettlement Policy (1995).

88. Loss of Cultural or Historic Items. There is no record of important heritage or
archaeological sites on the land that would be temporarily or permanently lost. Should
archaeological artifacts be discovered during site works, government requirements for
excavating and preserving those items will be strictly followed.

89. Water Quality at Qingshuihai Offtake. As a design safeguard for water quality in the
system, a multilevel offtake from Qingshuihai reservoir into the Maichong tunnel is planned. The
water level in the other reservoirs (Bangiao, Shigiao, and Xintian) is expected to fluctuate
significantly during the year and water quality issues with respect to deoxygenation or thermal
stratification are unlikely to occur.

90. Dam Safety and Function Issues during Design Phase. A number of dam safety and
function issues arise in relation to the Project.

(i) Reservoir rim instability. Qualitative analysis has identified no adverse slopes
likely to cause major flood waves. This finding will be confirmed during the design
phase.

(i) Potential rock joint instability during construction (wedge failures) or

slope/foundation failures. Foundation strengths have been estimated using
rock parameters, and jointing occurrences will be determined during the design

7 Poverty and Social Assessment Report, Supplementary Appendix | of the RRP.
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investigation program. The investigation will involve drilling of boreholes and
excavation of tunnel adits at the larger dams.

(iii) Sedimentation in the reservoirs. The designs of the Bangiao and Shigiao
reservoirs allow for a certain level of sediment buildup, to minimize transfer of
sediment into Qingshuihai Lake. Each dam will be designed with a low-level
sluice to maintain a slope on the silt deposited near the dam wall. This design
will ensure that silt can be kept clear of the level of the offtake by periodic
flushing in combination with wet season spillway flows. In this way, dry season
environmental flows will be maintained sediment-free.

(iv) Seismic movement of the Xiaojiang Fault. Long-term movement has been
estimated at about 200 millimeters over 100 years, while sudden movement due
to a magnitude IX event is estimated to be about 1.9 m. The present designs
have substantial sand/rock filter widths for all dams on the downstream side to
control any seepage through the core. The dam freeboards (i.e., the safety
margin of the containment structure above full supply level) have been calculated
to include the cumulative effects of flood and wage surge, plus a safety margin.
These two design features will be able to accommodate any potential settlement.

2. Environmental Issues Downstream of the Dams

91. Impacts on Hydrology in Downstream Areas. The impacts on hydrology below the
impoundments have been analyzed on two levels: (i) the impacts on mainstream flow of the
Xiaojiang River, and (ii) the impacts on the immediate downstream areas of each of the rivers to
be dammed. Predicted downstream flows were assessed against the globally established Water
Resource Development Indicator for river basins (where a transfer/runoff volume ratio of 40% is
considered a threshold level for significant hydrological impacts). The second-level assessment
became possible using new hydrographic data generated by the TA and field work in
downstream areas by the TA environment and social impact teams.

92. First-level assessment — The Xiaojiang system: The annual average amount of water
transfer will account for only 11.6% of the annual average runoff volume of the Xiaojiang.
Hydrological data from the downstream Xiaojiang river station over 22 years (1974-2006) shows
that annual flow of the Xiaojiang River varies from 800 million m* to 1,300 million m3, with a
variation coefficient of yearly runoff of 22%. The reduction in Xiaojiang flows due to the project
will only be half of the natural variation of the river's flows. Therefore, with over 88% of its
average annual natural flow intact, the middle and lower reaches of the Xiaojiang system will
maintain their hydrological characteristics and in-stream ecology. As an additional check, the
KWSG will commission further survey during the detailed design period to collect data on water
use and in-stream ecology to confirm this finding.

93. Second-level assessment — The river reaches immediately below the dams. The
downstream environmental flows for Bangiao, Shigiao, and Xintian rivers are shown in Table 18.

Table 18: Downstream Flows at Dam Sites

Item Bangiao Shiqgiao Xintian Total
Total inflows (m>/year) 81.70 18.53 41.93 142.16
Riparian release flows (m3/year) 8.17 1.85 4.19 14.21
Riparian release flows as percentage of total 10.00 10.00 10.00 10.0
inflow (%)

Spillway flows (m3/year) 14.34 3.86 7.67 25.87
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Item Bangiao Shiqgiao Xintian Total
Spillway flows as percentage of total inflow 18.00 21.00 18.00 18.20
(%)

Total released water downstream (m®/year) 22.51 5.71 11.86 40.08
Percentage of total flow (%) 28.00 31.00 28.00 28.20

m?® = cubic meter.
Source: Water Availability Study Report, April 2007.

94. Downstream flows will have a yearly hydrograph that mirrors the natural flow pattern,
with higher flows in wet season and lower flows in dry season. This is because downstream
flows will comprise spillway flows, which peak in the wet season, and a smaller year-round
riparian release.

95. Impacts on Ecology and Water Quality in Downstream Areas. The adequacy of the
yearly downstream flows of around 30% for the Bangiao and Shigiao rivers was judged against
the environmental needs in the immediate downstream areas. The environmental baseline
surveys (Section Il Description of the Environment) found depauperate in-stream ecology for
the Bangiao and Shigiao rivers, with no species of concern recorded in the literature or found in
surveys. Xintianhe is a special case; because of the existing impoundment, no water has flowed
in the immediate downstream section from the dam since 1986 except for over-the- dam spills
during wet season. Since that time, no in-stream ecology or livelihood uses have existed in this
reach of the Xintianhe. The Project will improve this situation, adding a continuous
environmental flow.

96. An additional downstream flow will be provided by the Project for the Dabai River (see
section V: A “Positive Impacts and Benefits”). The Dabai River is not included in Table 18
because it currently has no inflow. It has not flowed downstream of Qingshuihai ake, since
1975 when abstraction of water from the lake for Xundian was commenced. A constant riparian
flow of 1.61 million m® will be released into the empty stream bed, providing a water source for
downstream people in this area where none previously existed.

97. The present preliminary designs for the source impoundments (Bangiao, Shigiao and
Xintian) include spillway gates for the riparian releases. These will be amended on the advice of
the PPTA team. The detailed design will use separate pipe and valve installations for passing
these flows. As a design safeguard for water quality in the system, a multilevel offtake from
Qingshuihai reservoir into the Maichong tunnel will be constructed.

98. MIKE 11 commercial modelling software was used by the EIA to forecast and calculate
the water quality of the river sections downstream of the dams. MIKE 11 is a software package
developed by the Danish Hydraulics Research Institute, which uses both water flow
characteristics and "boundary” (i.e., incoming) water quality parameters to predict future water
quality under a number of different conditions. Use of this model is appropriate. The predicted
water quality for all rivers was slightly poorer than the currently monitored value, mainly due to
decreased water flow, but all would maintain their current class Ill standard. Water quality will
improve with improvements in upstream water quality through watershed management.
Monitoring of water quality in these areas will form part of the adaptive management of
downstream releases.

99. Social Impacts Downstream. No agricultural users would lose water as a result of the
Project. There are some villages downstream of the Shigiao and Bangiao dams, but those close
to the new infrastructure have a high elevation and do not use the river water for either
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agriculture or domestic purposes. For example, Anfeng, Xinglong, and Zhizu villages are
located downstream of the Shigiao and Bangiao rivers, but these rivers go into a gorge and the
residential area and farmland are located much higher than the riverbeds. The villagers do not
use the river water. There are no villages downstream of Xintian River before it runs into the
Bangiao River. Jinyuan township is located in the downstream area of this river, but far away
from the dam. Several tertiary streams join the Xintian River between the dam and township
location. Villages even further downstream on these rivers are located beyond the point where
the rivers are entered by tributaries that restore the river flow sufficiently to meet demands for
irrigation and domestic water supply in these lower reaches. At Tabizi Longtan there will be no
impoundment, but the transfer will take all of the flow from the Longtan series of springs. The
downstream reach before large tributaries rejoin the stream and replenish the flow is only 1 km.
The half-meter-wide stream in this section is fast moving over rock and displays no significant
in-stream ecological features. The loss of irrigation for these areas will be compensated by
replacement with land of equivalent quality and quantity, or by a lump sum payment.

100. The village of Wahei is located immediately downstream of the Qingshuihai dam and
some of its residents will be relocated. However, the other villages downstream of Lake
Qingshuihai do not use the river water as the riverbeds are again much lower than their
farmland and residential areas.

101. The only water drawn from Qingshuihai Lake for local use is transferred from the lake via
Maichong tunnel, to the township of Jinsuo in Xundian County, where it supplies the small
Jinsuo Industrial Park, some local domestic consumers, and the irrigation demands of five
villages with 10 million m® annually. The plan is that, as a result of the Project, the area
downstream of the Maichong tunnel outlet will receive an additional 7 million m* of water
annually to maintain and enhance this supply.

102. Adaptive Management. As an additional safeguard, an adaptive management
approach is proposed for the control of downstream releases at Bangiao River and Shigiao
River dams. Adaptive management is most suitable for situations where management can be
flexible. Since environmental flows can be varied, their management can respond to re-
evaluation based on downstream monitoring observations. At this stage, the operational
features of the adaptive management regime can only be identified in general terms, since the
operational management of each of the source impoundments will be finalised during detailed
design. The central feature of adaptive management is that all decision making will involve
stakeholders. Accordingly, a village monitoring officer from each village in the immediate
downstream areas will be appointed. These officers will report regularly to the |A/operators on
any negative impacts of planned riparian flows on existing livelihood activities. The detailed
rules defining triggers and impact thresholds for change in the riparian release will be prepared
by the IA following the completion of detailed design and before commissioning of reservoirs.
These provisions are included in the EMP and Environmental Monitoring Plan.

103. Sediment Transport. Plans for sediment flushing from source reservoirs have been
described above. Flushing of sediment which has built up in the source reservoirs will be
undertaken only during the wet season. This is the period during which most downstream
sediment movement occurs during natural flow. Since there will be no transport of sediment
between water bodies, only the amount of sediment which is normal for that river will flow
downstream (slightly reduced initially due to limited sediment storage in the reservoirs).
Additionally, the downstream reaches of the Bangiao, Shigiao and Xintian rivers are all deeply
dissected, fast flowing streams where no siltation will occur. The sediment flushing from
reservoirs will mimic the sediment transport of natural flows both in seasonality and amount, and
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there will therefore be no negative impact from sediment transport downstream. As an
additional safeguard, a Sediment Flushing Management Plan will be prepared by the IA and
incorporated into operational maintenance programs. These provisions are included in the
EMP.

3. Environmental Issues in Other Areas

104. Activities in this area include those in the major water transmission works, roads,
quarries, spoil disposal sites, and construction camps.

105. Loss of Biophysical Array. Loss of the biophysical array to the above developments
has been calculated from a combination of the original EIA figures, the SEPP, and those in the
resettlement planning documents. A total of 25 ha of forest and woodland, 11 ha of shrubland,
and 10 ha of grassy shrubland will be occupied by project infrastructure. Loss of these lands will
have an environmental effect at the local level and measures to minimize encroachment on
forest areas and for the rehabilitation of damaged natural areas will be included in designs and
construction contractual obligations.

106. Loss of Agricultural Assets. Loss of agricultural assets to developments has been
calculated from the resettlement planning documents and field inspection. An estimated 22 ha
of agricultural land will be permanently lost due to the land take for development of the major
conveyance tunnels and ancillary works. Farmers who lose land permanently will be
compensated by replacement with land of equivalent quality and quantity, or through a lump
sum payment.

E. Impacts and Mitigation Measures during the Construction Phase
107. Spoil Disposal. Sixty-five spoil sites have been located throughout the project

construction area for the disposal of a net total (after uses for fill) of 2.2115 million m?® of
excavated spoil. Principles for the siting and layout of spoil disposal areas were:

. Siting to minimize transportation and the need for temporary storage;

. Siting to avoid potential flood areas or floodways;

. Sites to be small, and have no encroachment on cultivated land or forestland;
and

. Sites to be concave land, gullies or gentle slopes.

108. The final height and shape of each disposal area will be determined by survey during the
detailed design phase and will be based upon the resting stability of local spoil material and the
surrounding topography.

109. A requirement in the PRC for a project of this scale involving excavations and
earthworks is for, in addition to a full EIA, a comprehensive SEPP. The SEPP has been
prepared by the Yunnan Water Resources and Hydropower Survey, Design and Research
Institute. It provides a detailed analysis of all erosion sources as mitigation measures to prevent
or control them. The IA will use these prescriptions in its detailed work planning and
construction contracts. Clay bags will be used for temporary protection during the dumping
period. Interception drainage channels will be established to protect the site from surface runoff.
Retaining walls will be built to contain any spillage or mass movement during the disposal
period and in the long term. Trees will be planted up the slope from the site to stabilize the
surface. The spoil itself will be planted with grasses on completion.
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110. Spoil materials will be a mixture of soil and stone. Along the tunnelling route, fragmented
sandstone, shale and mudstone will predominate. In order to facilitate rehabilitation of these
sites, topsoil will be stripped, stored safely, and used to cover the surface of the dump on
completion of activities at that site. Grass and shrub species will be planted. Where topsoil is
poor or in short supply, it will be augmented by mulched vegetation removed from inundation
areas and set aside for the purpose. Where rocky spoil predominates, the site will initially be
planted with grasses only (ryegrass and green bristlegrass) to be followed by shrub and tree
plantings only after grasses have fully established. These measures have been incorporated
into the EMP.

111. Erosion Damage. Erosion potential for all construction sites, including from preparation
of resettlement areas and road making, has been estimated at about 75,000 m® A
comprehensive soil erosion prevention report has been prepared. It provides a detailed analysis
of all erosion sources and mitigation measures to prevent or control them. It includes erosion
control prescriptions for borrow pits and quarries, dam and infrastructure construction, and
construction work areas and camps. The prescriptions have also been incorporated into the
EMP.

112. Construction Wastewater. Wastewater produced during the construction period will
come from washing aggregates, pouring and curing concrete, as well as oil-containing
wastewater from machinery repairs. Measures for treating wastewater include settling ponds
and oil-water separators. Recycled water will be used in spraying for dust control. Tunnelling
operation will produce a distinctive wastewater. The main pollutant of tunnelling wastewater is
suspended solids, with a concentration ranging from 800 to 10,000 milligrams (mg) per liter.
Wastewater from tunneling will be collected in sediment tanks, retention ponds, and filter tanks
to remove silts and oil, then be reused for the tunnelling operations. Process diagrams and
specifications are provided in the SEPP.

113. Domestic Wastewater. Daily living wastewater from construction staff will total 440 m?®.
Deep latrines and seepage pits will be installed in the camps. After project completion, the sites
will be closed only after waste has been effectively treated or removed, so as to minimize
pollution in rivers.

114. Gaseous Air Pollution. Construction will consume about 8,925 tons of diesel, releasing
significant amounts of gaseous SO,, CO, and NO,. Equipment will be maintained to a high
standard to ensure efficient running and fuel-burning. High-horsepower equipment will be
provided with tail gas purifier. Atmospheric monitoring will be carried out during the construction
period. All vehicle emissions will be in compliance with relevant PRC emission standards (see
the EMP).

115. Dust. Construction sites will produce fugitive dust from material storage areas, waste
dump sites, concrete mixing, and excavation sites. Material stockpiles and concrete mixing
equipment will be equipped with dust shrouds. The operators will regularly maintain the shrouds
to ensure their effective operation. For both construction sites and construction roads, water
spraying for the suppression of dust and maintenance of driving surfaces will be standard site
management practice. Vehicles carrying soil, sand, or other fine materials to and from the
construction sites will be covered.

116. Noise. Noise will be generated by construction machinery (excavators, bulldozers,
conveyors, concrete mixers) and transport vehicles. Work will be scheduled according to the
noise rating of the machinery used and the distance to sensitive receptors to achieve Category
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1 (GB12523-90) compliance. Noise impacts from transport vehicles will be reduced by attention
to road surfaces near village areas and the erection of temporary noise barriers.

117. Vibration and Blasting. To minimize impacts, the use of heavy vehicles and
drills/excavators near sensitive structures, walls, and residences will be limited. Blasting mats
and the careful design of blasting operations will be implemented to limit ground-borne
vibrations and air overpressure shocks to sensitive areas.

118. Traffic Management. Interim roads will be sited and managed to avoid traffic problems,
and will be reinstated to their original condition on completion of construction. Transport routes
will be selected to reduce disturbance to regular traffic, and construction traffic will be diverted
during peak periods.

119. Domestic Solid Waste. Over the 4-year construction period, more than 6,000 tons of
domestic solid waste will be produced. Each construction camp will be equipped with dustbins,
which will be regularly sprayed with pesticides to reduce flies. In the course of transporting
domestic garbage and construction materials, loads will be sealed or covered to avoid spillage
en route.

120. Construction Solid Waste. Construction and demolition wastes could have adverse
impacts on the surroundings. Solid waste that cannot be used will be collected at the waste
dump, and not be discarded in a way that will damage farmland or the immediate environment.
Solid waste will be stored and regularly transported off-site for disposal.

121. Solid waste disposal sites for construction waste and domestic waste will be identified
and managed according to the appropriate national standards (CJJ17-2004 and GB18599-
2001).

122. Hazardous and Polluting Materials. A construction materials handling and disposal
protocol that includes spill responses will be prepared and implemented as part of the Site
Environmental Management and Supervision Manual. The following measures will be taken to
prevent pollution of soil and surface water/groundwater: storage facilities for fuels, oil, etc, will
be within secured areas on impermeable surfaces, provided with bunds and cleanup
installations; vehicles and equipment will be properly staged in designated areas to prevent
contamination of soil and surface water; vehicle, machinery, and equipment maintenance and
refueling will be carried out in such a way that spilled materials do not seep into the sail; oil traps
will be provided for service areas and parking areas; fuel storage and refilling areas will be
located at least 300 m from drainage structures and important water bodies.

123. The contractors’ fuel suppliers will be properly licensed, follow proper protocol for
transferring fuel, and be in compliance with JT 3145-88 (Transportation, Loading and Unloading
of Dangerous or Harmful Goods).

124. Work Camp Health. During the construction period, a population of migrant workers will
live in construction camps. The contractor will be required to safeguard environmental hygiene
in the camps, including the quality of food and water supplies. Medical facilities will be
established among the camps and workers will be screened for health problems.

125. Due to the large number of construction workers, the Project presents a medium risk for
the spread of HIV/AIDS, and action needs to be taken to stop its further transmission in the
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municipality. An action plan is described in the poverty and social assessment, and its
provisions included in the EMP.

126. Contractor Performance. To ensure that construction contractors are able to
implement the mitigation measures, the following arrangements will be put in place by the
KWSG: environmental prequalification clauses and specifications will be included in the
prequalification package to contractors; an appropriate environment section will be included in
the terms of reference for bidders; approved spoil disposal sites, and borrow pit and quarry
locations will be defined in the construction tender documents; and clauses referencing the EMP
and monitoring plans will be written into the construction contracts. Following the award of
construction contracts, the successful head contractor will prepare a Site Environmental
Management and Supervision Manual, for approval by the KWSG.

F. Impacts and Mitigation Measures during the Operational Phase

127. Water Quality in Qingshuihai and Jinzhongshan Reservoirs. Once the Project is
completed, water will be transferred into the lake from Bangiao and Xintian rivers, and Tabizi
Longtan. Additionally, there is a stream flowing into Qingshuihai through Haitou village
southwest of the lake, and direct runoff from its own small catchment. The water quality of
Qingshuihai reservoir will therefore be subject to the quality of transferred water and the small
amount of wastewater from Haitou village. The present water quality of Qingshuihai is Class I
standard. Water quality at completion of the project works was predicted by YDRI for the EIA
using MIKE 21 software. Modeling in the EIA indicated that the lake water will maintain Class II
quality standard during the operational phase. This result is based on current runoff water
quality in the catchments. With the implementation of planned watershed protection measures
by KMG, the quality will improve further.

128. MIKE 21 is a two-dimensional model suitable for water quality prediction in impounded
water bodies. However, it provides little data on thermal stratification and oxygen levels at
depth. During detailed design, a multidimensional model will be employed to predict the degree
of reservoir stratification that might occur and to assist in the design of the offtake structure.

129. With sound operational management of the source reservoirs (including Qingshuihai),
there is very little likelihood that water released from Jinzhongshan dam will have depleted
oxygen levels or suspended sediments. Any thermal stratification and oxygen levels in the lake
water as well as any other water quality indicators will be monitored to ensure that the water
drawn off at the outlet to the water treatment plant is of the required quality. If the water quality
deteriorates in Jinzhongshan due to stratification, a multilevel outlet or a bubbler system will be
provided to mix the water in the reservoir, minimize stratification, and provide uniformly
oxygenated water at the outlet.

130. During the initial flooding of the Bangiao, Shigiao, and Xintian reservoir areas and the
increase in the levels of Qingshuihai and Jinzhongshan, any organic materials left in the
inundation area will decay and deplete the dissolved oxygen in the water over the start-up
period. To avoid this, all vegetation in the inundation areas will be cleared and removed by
cutting and excavating prior to flooding. Removed vegetation will be mulched and used in
revegetated areas following construction.

131. As part of its operational management, the KWSG will implement a comprehensive
water quality monitoring program that covers all major water bodies contributing to the scheme.
The monitoring program is described in the EMP (Appendix 2).
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132. Return Waters and Wastewater Management. The return waters from the project
water supplies will return to the Jingshajiang river basin, partly via the Niulang/Niulangjiang river
system and partly via the Dianchi/Pudujiang system. To safeguard the water quality of these
water bodies downstream of the return water drainage, the following standards of water
treatment, development control, and industrial operations will be pursued by the KWSG and
KEPB.

133. Controlling Pollution Sources. KMG has accorded priority in its 11th Five-Year Plan
(2006—-2010) to increase investment and improved water and urban infrastructure management.
The Plan, covering overall KMG development, comprises 58 projects for water pollution control
that includes constructing new WWTPs and upgrading existing plants to provide a combined
treatment capacity of 1,190,000 m®day, as well as improvements in sewerage infrastructure
and storm water drainage system throughout Kunming. The Plan’s objective is for 80% of
combined urban and rural wastewater to be treated by 2010. In the developing areas of
Kunming city, which will be the main beneficiaries of project water, four WWTPs will be built
with a combined capacity of 200,000 m®*day. For new industrial developments, energy-
intensive, water-intensive, and polluting enterprises will be carefully screened, and efforts made
to lower the amounts of water consumption and discharge, as well as reduce the discharge of
pollutants. Conversion of old industrial enterprises to cleaner production processes and
increased reuse of industrial water will be encouraged.

134. Water Conservation. KMG’s goal is to reach 20% water recycling rate for Kunming to
be declared a “National Water Conservation City” by 2020. It has also approved and is
implementing the “one household, one meter” policy, which will enable the KWSG to reach the
targeted 20% reduction of nonrevenue water in 2009 (from a current rate of 38%).

135.  Xundian County will receive an additional 7 million m® per year from the Project.
Construction of a new WWTP to handle the additional treatment of industrial wastewater to be
generated as a result of the Project was planned to start in May 2007. The currently operating
treatment plant will then treat predominantly domestic wastewater.

136. Flood and Seismic Events. Plans are in place for flood monitoring to warn people
downstream. Earthquake monitoring is carried out by the Seismic Agency that issues warnings
via China Mobile. The intention is to set up a new seismic station at Haiwei near Qingshuihai.
KMG will be responsible for developing and implementing an Emergency Action Plan.

G. Qingshuihai Water Source Protection

137. KMG will prepare an implementation plan by 2012 for protecting the water source and
inform ADB about its progress. This plan will include: (i) upstream pollution control in the
Qingshuihai watershed area, (ii) forestation, (iii) soil erosion control, (iv) green agricultural
programs including control of chemical and fertilizer usage and promotion of organic food
production, (v) rehabilitation of the upstream rivers, (vi) community education on water source
protection, and (vii) institutional arrangements for the plan’s implementation. In order to
formulate the plan, KMG will be overall responsible for:

(i) Developing pollution inventory including non-point source and point source.

(i) Establishing a catchment modelling system (river-reservoir model system).

(iii) Developing water source protection options and prioritized measures.

(iv) Developing a time-bound action plan including financing plan and responsible
agencies.
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(v) Developing environmental management and monitoring program for the
watershed management.

138. This plan will be completed by 2012 prior to the commissioning of the Project.
VI. ECONOMIC ASSESSMENT
A. Economic Benefit

139. Once the Project is completed, it will supply the NADZ and part of the EDZ with 96.84
million m® of industrial and domestic water, which will support the development of those centers.
Construction of the NADZ will greatly improve the civil aviation conditions of Kunming, and
enable Central Yunnan to develop faster as an important hub of logistics and information flow in
Southeast Asia.

140. Economic analysis of the Project has been carried out in accordance with ADB'’s
Guidelines for Economic Analysis of Projects (1983). All costs and benefits have been
expressed in constant 2007 base cost prices. Capital costs include environmental safeguard
costs of CNY6.4 million, soil and water conservation costs of CNY22.05 million, and estimated
land acquisition and resettlement costs of CNY153.78 million. The total (CNY28.46 million) is
the EMP cost.

141. The economic internal rate of return for the Project is 20.3%. The results compare
favorably with the 12% economic opportunity cost of capital.

B. Environmental Safeguard Costs

142. Environmental safeguard costs total CNY28.46 million. Table 21 shows the breakdown
of this figure into the major environmental protection programs.

Table 21: Environmental Budget

(CNY ‘000)
Program Items Total

A. Environmental Management and Monitoring

1. Water Resources a. Environment protection measures: waste treatment facility in relocated 54

areas, environment monitoring in relocated areas, and population
health monitoring
b. Environment monitoring: surface water quality monitoring, ambient air 370
quality monitoring, noise monitoring, hygiene and health monitoring,
and ecological monitoring
c. Environmental equipment and installation 626
d. Temporary environment protection measures: treatment of wastewater 614
from construction, air pollution control, solid wastes treatment, noise
prevention, and others
e. Environment management: construction quality and environment 1,213
management, environment monitoring, research and detailed studies,
environment impact assessment, and environment works quality

monitoring
Subtotal (A1) 2,877
2. Water Conveyance a. Environment monitoring: surface water quality monitoring, ambient air 138
quality monitoring, noise monitoring, and sanitary monitoring
b. Environment equipment and installation 626
c. Temporary environment protection measures: treatment of wastewater 1,434

from construction, air pollution control, solid wastes treatment, noise
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Program ltems Total

prevention, and others
d. Environment management: construction quality and environment 1,336

management, environment monitoring, research and detailed studies,

environment impact assessment, and environment works quality

monitoring
Subtotal (A2) 3,534
Subtotal (A1 + A2) 6,411
B. Soil and Water Conservation

1. Water Sources a. Retaining walls and drainage works 1,769
b. Erosion control at work sites 87
c. Temporary works 43
d. Water and soil conservation management 886
e. Water and soil conservation facilities 267
Subtotal (B1) 3,053
2. Water Conveyance a. Retaining walls and drainage works 11,008
b. Erosion control at work sites 541
c. Temporary works 270
d. Water and soil conservation management 5,514
e. Water and soil conservation facilities 1,663
Subtotal (B2) 18,996
Subtotal (B1 + B2) 22,049
Total 28,460

Source: Environmental impact assessment.
VII. ENVIRONMENTAL MANAGEMENT PLAN
A. Environmental Management

143. The EMP is an important operation and management tool to ensure the Project is
implemented in an environmentally acceptable manner. The EMP (Appendix 2) describes the
procedures and plans to carry out mitigation measures and monitoring requirements during
sequential stages of the Project. It consists of two plans, one for implementing mitigation
measures and the other for carrying out environmental monitoring.

144. Implementing environmental mitigation measures has been estimated to cost $3.87
million equivalent (CNY28.46 million), which is about 1.6% of the project cost.

145. For each impact, appropriate mitigation measures are described. Parties responsible for
implementing each mitigation measure are listed. Supervising agencies for each mitigation
measure have also been listed

B. Environmental Monitoring

146. The plan for environmental monitoring has been organized by component. Monitoring
requirements have been clearly spelled out, including the parameters to be monitored, the
number and locations of monitoring stations, and monitoring frequency and duration.
Responsible parties to carry out monitoring for each parameter have been listed. The
supervising agency or agencies for each parameter have also been listed.
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VIIl.  PUBLIC CONSULTATION AND INFORMATION DISCLOSURE
A. Stakeholder Consultation before the Environmental Impact Assessment

147. The first round of consultations was carried out by the EIA team and the KWSG from
July to October 2006 to gather information on public concerns about the Project before finalizing
the draft EIA. A concise project description was prepared and distributed to the public before or
at the time of the consultation. The results of the consultation were used to modify the EIA and
the project design. The stakeholder consultation and disclosure exercises comprised

(i dissemination of project information to local people;

(i) distribution of 80 public consultation questionnaires (65 to local residents in the
project areas and 15 to committees and local governments);

(iii) consultation meetings with relevant government agencies, including YEPB,
KEPB, and county-level environmental protection bureaus (EPBs), county-level
land administration bureaus, county and prefecture communication bureaus,
township government officials, and county-level forest bureaus; and

(iv) public consultation meetings with groups directly affected by the proposed
Project.

148. In general, the affected people were mainly concerned about the land take, resettlement
and compensation, especially the resettlement of Diansha, Jinsuo, and Liushao people. Just
over half considered the inconvenience during construction a problem, and their focus will be on
the mitigation measures for this phase.

149. The second round of consultations was undertaken to communicate findings from the
draft EIA and the additional findings of the TA team, and to receive public feedback.
Consultation meetings were held at Xundian County and Songming County, each attended by
about 100 participants. These represented residents of adjacent project sites (upstream and
downstream areas), villages or community-based organizations, design institutes, resettlement
specialists, and government officials from Kunming/Xundian/Songming EPBs, forest bureaus,
agricultural bureaus, water resource bureaus. Reporters from Xundian County TV station
covered the workshop.

150. The main opinions and concerns collected from the second round were as follows: (i)
most of the people surveyed knew about the proposed Project through the media and public
meetings, and were aware of the environmental assessment work and resettlement planning
undertaken; (ii) most people knew the importance of the Project to the water supply of Kunming
city and support the Project; (iii) most of the people surveyed were satisfied with the mitigation
measures proposed to address the anticipated adverse environmental impacts; and (iv) the
farmers affected by the Project in Haitou village and Laoba village expressed their views on the
resettlement site and the hope that their future living standard will be improved or at least will
not decline. Farmers in Haitou expressed their willingness to be resettled locally. Farmers from
Laoba were willing to be resettled at Jialize village or get a job from the KWSG, the NADZ, or
EDZ. These concerns have been considered in resettlement planning.

B. Future Plans for Public Participation

151. Comments and responses from the public have been used in finalizing the EIA
documents. The county EPBs maintain hot lines for environmental complaints, which will also
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be made available for continued public inputs for the Project. The EIA team’s contact hot lines
are published on the local government website.®

A.

152.

153.

154.

Risks

IX. CONCLUSIONS

The following main project risks have been identified.

The KWSG might not have the institutional strength to (a) influence development
control and regulation of industry in the NADZ and EDZ where water use
minimization and water reuse are implemented, and (b) ensure that groundwater
pumping will be curtailed in the EDZ and not initiated in the NADZ.

KMG might not have sufficient resources to implement a comprehensive
watershed management program.

Additional water treatment plant capacity might not be ready to treat the
additional water from the Project supplied to the NADZ and EDZ.

The following assurances relating to the above risks have been provided by KMG.

(iii)

To ensure that groundwater use ceases, KMG will unify groundwater
management and monitoring under a single agency, and will levy charges on
groundwater use in excess of water tariffs to discourage groundwater extraction
even by large industries.

Success in formulating and implementing the Regulation on Water Protection of
Kunming Songhuaba Reservoir, 2006, and developing the Regulation on Water
Protection of Kunming Yunlong Reservoir, 2007; the comprehensive Qingshuihai
Water Supply, Water Source and Environmental Management Project Planning
reports; SEPP; and other detailed and comprehensive project documentation; as
well as the commitment of KMG officials at the highest level provide evidence of
the commitment and expertise within KMG to institute catchment protection for
the project reservoirs and sources.

KMG is committed to the completion of the current 11th 5-Year Plan, with
projects for water pollution control entailing construction of new WWTPs and
upgrading of existing plants, as well as improvements in sewerage infrastructure
and storm water drainage systems.

Other assurances which relate to specific safeguard measures for the operational phase
of the Project are:

KMG commits to the development of a sediment flushing management plan to be
produced by the KWSG by 2012;

KMG commits to the development of an adaptive management plan for riparian
releases from Bangiao, Shigiao, Xintian and Qingshuihai reservoirs to be
produced by the KWSG by 2012; and,

To confirm that the project has no negative impacts, KMG commits to further
survey on water use and in-stream ecology in the downstream reaches of the
Xiaojiang River. The survey will be completed by the KWSG by 2010.
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(iv) KMG shall (a) collect wastewater and increase treatment capacity for the
wastewater generated by the Project, and (b) submit the relevant plan to ADB for
review within one month of loan effectiveness.

B. Benefits

155. The Project will satisfy all water demands of the NADZ and make a significant
contribution to the Kunming water supply. It will also provide essential infrastructure to satisfy
the water demands of the EDZ in 2020.

156. The present water supply structure of the EDZ is dominated by groundwater extraction.
Pumping has been excessive and groundwater level has been dropping gradually. The EDZ is
the second largest user of groundwater after North City. The water supply from the Project will
relieve pressure on the dwindling groundwater resource.

157. The urban poor are likely to derive proportionately greater benefit from the provision of a
noncontaminated water supply, as they can least afford the cost of drinking bottled or boiled
water or the increased costs of lost work time.

158. The Project is likely to have significant implications in terms of reducing future health
problems. Based on an estimated 10% increase in waterborne diseases as a result of
contamination problems associated with current water sources, it is estimated that up to 1.5
million cases of diarrhea and 4,450 cases of major waterborne diseases could be prevented
over the years from 2013 to 2020 as a result of the Project.

159. The supply of additional water to Xundian County will augment the existing supply from
Qingshuihai Lake through the Maichong tunnel. Due to the elevation of the Maichong offtake,
the existing supply flows only during the wet season when the lake elevation is highest. The
new supply will be constant year-round.

160. The operation of the KQWSP will pass 1.61 million m® annually downstream from the
Qingshuihai dam as environmental flows. The new water source will increase livelihood options
for households in the area.

C. Potential Adverse Impacts and Associated Mitigation Measures

161. EIA investigations and other project reports have shown that potential project impacts
are not significant or can be successfully mitigated, for example, water availability for
downstream users and ecological flows. Surveys undertaken for both the EIA and by the
environmental and social impact teams in the TA have confirmed that there are no impacted
downstream users or precious in-stream ecology at risk. In the immediate downstream reaches,
flows exceeding 30% of annual average flow will continue in all the affected streams.

162. Widespread construction activities have the potential to result in site erosion and
substantial waste generation. These will be mitigated by the implementation of strict
construction site environmental management.

163. For disposal of a net total (after uses for fill) of 2.2115 million m* of excavated spoil, 65
spoil disposal sites will be located throughout the construction area. A comprehensive SEPP
has been prepared. It provides a detailed analysis of all erosion sources and mitigation
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measures to prevent or control them. It includes setting principles and erosion control
prescriptions for spoil dumps.

164. Due to past abstraction schemes at Qingshuihai, no water has flowed from the lake
downstream into the Dabai River since 1975. The operation of the KQWSP will pass 1.63
million m® annually downstream from the Qingshuihai dam as environmental flows. Unlike the
other source areas, the terrain immediately downstream of the dam is gentle, and the new water
source will increase livelihood options for households in the area.

165. Although the total number of people to be resettled is not large by PRC project
standards, a comprehensive RP is being prepared for the Project. The plan prescribes the
resettlement and compensation of affected households and people.

D. Use of Irreplaceable Resources

166. A total of 25 ha of forest and woodland, 11 ha of shrubland, and 10 ha of grassy
shrubland will be occupied by project infrastructure. Loss of these lands will have an
environmental effect at the local level, and measures to minimize encroachment on forest areas
and for the rehabilitation of damaged natural areas will be included in designs and construction
contractual obligations. The loss of agricultural assets to developments has been calculated
from the resettlement planning documents and field inspection. An estimated total of 22 ha of
agricultural land will be permanently lost due to the land take for development of the major
conveyance tunnels and ancillary works. Farmers who lose land permanently will be
compensated by replacement with land of equivalent quality and quantity, or through a lump
sum payment. Only the Xundian white fish has been identified as potentially at risk due to
project works, and measures have been designed to mitigate any impact. No other rare,
threatened, or protected species have been recorded at the project sites.

E. Follow-Up Monitoring and Environmental Management Requirements

167. An EMP has been developed for the design, construction, and operation phases of the
Project. The plan is appropriate for the environmental safeguarding of the planned works and
forms part of a comprehensive set of environmental management documents including the
expanded EIA and Soil Erosion Prevention Report, to which the IA is committed. The EMP
includes institutional responsibilities and costs for implementing the mitigation measures and the
monitoring requirements.
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ENVIRONMENTAL MANAGEMENT PLAN

A. Introduction

1. The environmental management plan (EMP) covers all phases of the Project from
preparation through commissioning and operation. It aims to ensure the monitoring of
environmental impacts and implementation of environmental mitigation measures. The EMP will
be incorporated into the construction, operation, and management phases of the Project, as well
as in its project design and monitoring framework (DMF).

2. Environmental monitoring programs will be carried out and the results will be used to
evaluate (i) the extent and severity of actual environmental impacts against the predicted
impacts, (i) the performance of the environmental protection measures or compliance with
related rules and regulations, (iii) trends of impacts, and (iv) overall effectiveness of the Project’s
EMP.

3. Environmental protection measures will (i) mitigate environmental impacts, (ii) achieve
compliance with national environmental regulations, (iii) provide compensation for lost
environmental resources, and (iv) enhance environmental resources.

B. Summary of Potential Impacts

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

C. Mitigation Measures

5. The mitigation measures will be incorporated into tender documents, construction
contracts, and operational management plans. Contractors and the project implementing
agency (IA) will implement the measures. The effectiveness of the measures will be evaluated
on the basis of the results of the environmental monitoring to determine whether to continue
them or to make improvements.

6. A resettlement plan (RP) has been prepared to ensure proper resettlement of affected
persons and avoid deterioration of their quality of life. Details of required actions are in the RP.



Table A2.1: Summary of Potential Impacts and Mitigation Measures
Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
A. Preconstruction
1. FS stage Site/alignment  The recommended IA, DI, and EA, KMG, 2 2 2 2 2 2 2 2 18
selections sites/pipeline routes for  EIA team YEPB,
the individual project KEPB
components were
selected from various
alternatives so as to
minimize adverse
impacts on the
environment.
EIA report As required by law, EIA team on EA, SEPA, 800
ensure that the EIA has  behalf of IA YEPB,
been prepared for the KEPB
Project.
Soil Erosion As required by law, Dl on behalf of EA, YEPB 400°
Prevention ensure that the SEPP the 1A
Plan has been prepared for
the project.
Public Hold two rounds of EIA team, IA, EA, YEPB, 6 3 2 2 5 2 3 30
consultations public consultations on TA team KEPB
environmental issues,
poverty, and
resettlement during the
project design and EIA
preparation.
Resettlement As required by law, DI EA, YWRB, 900 500 500 500 900 200 200 / 3,700
plan prepare the RP for the MWR
project to required ADB
and PRC standards.
2. Design Updating EMP  Update mitigation DI, 1A EA, KEPB, 30°
stage measures defined in this YEPB

EMP and incorporate

8¢
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S

them into the detailed

design to minimize

adverse environmental

impacts.
Land take Update the RP and DI, IA EA, YWRB, 3002
confirmation incorporate it into the MWR

detailed design.
Endangered Undertake additional DI EA, YWRB, 50 / / 50
fish research studies on the MWR

reproductive habits of

Xundian white fish to

help protect this special

species in Qingshuihai.
Qingshuihai During the detailed DI, 1A EA, YWRB, 210 / / 210
reservoir water  design phase, use a MWR (Included in
quality multi-dimensional model design and
modeling to predict the degree of construction

reservoir stratification costs)

that might occur and

assist in the appropriate

design of a multi-level

offtake structure.
Annual flow of KWSG will commission DI, IA EA, YWRB, Included in
downstream further survey during the MWR design and
Xiaojiang River detailed design period to construction
reduced by collect data on water costs
11.6% use and in-stream

ecology in the

downstream reaches of

the Xiaojiang River (to

confirm initial finding of

minimal impact).
Water transfer ~ The detailed rules Included in
issues within defining triggers and design and
the basin: impact thresholds for construction
reduction of change in the riparian costs

Z Xipuaddy
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
downstream release will be prepared
flows of by the IA following the
Bangiao and completion of detailed
Shigiao dams design and before
commissioning of
reservoirs.
Sediment build- To protect Qingshuihai DI, IA EA, YWRB, Included in
up in source from sediment transfer MWR design and
reservoirs from source areas, each construction
dam will be designed costs
with a low-level sluice to
maintain a slope on the
silt deposited near the
dam wall to ensure that
silt is kept clear of the
level of the offtake by
periodic flushing.
A Sediment Flushing
Plan will be prepared by
the 1A and incorporated
into operational
maintenance programs.
Dam safety i. Confirm reservoir rim DI, IA EA, YWRB, Included in
and function stability and identify MWR design and
any adverse slopes in construction
the design phase. costs

ii. Investigate potential
rock joint instability
and slope/foundation
failures including
drilling of boreholes
and excavation of
tunnel adits at the
larger dams.

iii. Long-term seismic
movement of the
Xiaojiang Fault has

Z Xipuaddy



Item

Environmental
Impacts and
Issues

Mitigation Measures

Implementing Supervising

Agency

Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

SQR XTR TDP JZSR T&P

3. Bidding and Bidding

construction
preparation

documents and
contractors’
qualifications

been estimated at
about 200 mm over
100 years, while
sudden movement
due to a Magnitude
IX event is estimated
to be about 1.9 m.
Include in the designs
substantial filter
widths and sufficient
freeboard to
accommodate any
potential settlement.

To ensure initial
environmental
capability among
contractors, prepare
environmental
prequalification
clauses and
specifications to be
included in the
prequalification
package to
contractors.

i. Prepare an

environment section
in the terms of
reference for bidders.

Select spoil disposal
sites based on
specific criteria in the
SEPP, and as
revised by the EIA.
Define spoil disposal
sites, borrow pits,
and quarry locations
in the construction

Environmental
consultants or
companies
contracted by
1A

EA, KEPB,
YEPB,

242

Z Xipuaddy
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Environmental  Mitigation Measures

Implementing Supervising

Budget (CNY1,000)

Subtotal

Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
tender documents.
iv. Prepare
environmental
contract clauses for
contractors, namely
the special conditions
(e.g., reference EMP
and monitoring table).
v. Prepare covenants
for loan agreement
as defined in the
EMP.
Environmental  As per the contract for Contractors IA, KEPB 302
Operation and  approval by IA, require
Supervision contractors to prepare a
Manual Site Environmental
Management and
Supervision Manual.
Complaintand i. Establish a complaint Contractors IA, EA 105%
Information and information office
Office or or appoint a
appointed responsible person
person before starting the
construction.
ii. Ensure that staff at
the office is well-
trained to handle
crisis situations or
conflicts with
residents.
Environmental Invite environmental 1A YEPB, 1002
protection specialists and/or KEPB
training officials from

YEPB/KEPB and/or
WRB to provide
contractors with training

(4%
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Item

Environmental

Impacts and
Issues

Mitigation Measures
Agency

Implementing Supervising

Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SOQR XTR TDP JZSR T&P

Rd

Q&S

Resumption of
land and
property —
process and
management.

B. Construction

1. Water

Wastewater
from
construction
camps

Tunnelling
wastewater

on implementing and
supervising.
environmental mitigation
measures.

i. Establish a 1A
resettlement office
comprising local
government officials
to manage the
resettlement process.

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

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

Install deep latrines and  Contractors
seepage pits in the
camps. After project
completion, vacate the
sites only after waste
has been effectively
treated or removed.
Wastewater from Contractors
tunnelling will be

EA, KMG

IA, KEPB,
County
EPBS

IA, KEPB,
County

60

80

20

30

30

30

50

30

20

50

300

Construction costs are spread over the 4-5 year construction period.

50

10

50

10

45

10

20

50

10

100

200

/

100

495

260
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Item

Environmental

Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
collected in sediment EPBS
tanks, retention ponds,
and filter tanks to
remove silts and oil,
then be reused for the
tunnelling operations.
Process should follow
the flow paths and
specifications specified
in the SEPP.
Washing i. Establish settling Contractors IA, KEPB, 110 80 80 80 80 180 70 90 170 950
aggregates, ponds, oil-water County
pouring and separators. EPBS
curing ii. Use recycled water to
concrete, spray for dust control.
machinery
repairs iii. Remove sludge from
site.
Handling of i. Prepare a protocol Contractors IA, KEPB, 50 30 30 25 25 30 70 30 60 390
hazardous and for handling and County
harmful disposing of EPBS
materials construction
materials which
includes spill

responses, and apply
it to prevent soil and
surface
water/ground- water
pollution.

ii. Construct storage
facilities, bunds, and
cleanup installations.

iii. Ensure that the fuel
supplier is properly
licensed, follows the
proper protocol for
transferring fuel, and

174%
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Item

Issues

Environmental
Impacts and

Mitigation Measures  Implementing Supervising

Agency Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SOQR XTR TDP JZSR T&P

Rd

Q&S

Vi.

vii.

vi

complies with PRC
regulation on
Transportation,
Loading and
Unloading of
Dangerous or
Harmful Goods.

. Ensure that vehicles
and equipment are
properly staged in
designated areas to
prevent
contamination of soil
and surface water.

Carry out vehicle,
machinery, and
equipment
maintenance and
refueling in such a
way that spilled
materials do not
seep into the soil.

Ensure proper
storage of fuels, oil,
etc., within secured
areas on an
impermeable
surface.

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

ii.If fuel storage and
refueling areas are
located in agricultural
land or areas
supporting

Z Xipuaddy
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Item

Environmental
Impacts and

Issues

Mitigation Measures

Implementing Supervising
Agency Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SOQR XTR TDP JZSR T&P

Rd

Q&S

2. Air

Generation of
dust

vegetation, ensure
that topsoil is
stripped, stockpiled,
and returned after
completion of
refueling activities.

. Provide oil traps for

service areas and
parking areas.

IA, KEPB,
County
EPBS

Cover vehicles Contractors
carrying soil, sand, or
other fine materials to

and from the sites.

i. Locate materials

storage sites 300 m
away from residential
areas and cover them
with canvas or spray
with water.

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

. Ensure that all roads

and pavements used
by vehicles of the
contractors or any
subcontractors or
supplier are kept
clean and clear of all
dust, mud, or
extraneous materials
dropped by their
construction vehicles.
Such cleaning must
be completed on a
regular basis.

40

30 30 23 10 30

30

40

233

14
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Item

Environmental
Impacts and
Issues

Mitigation Measures

Implementing Supervising
Agency Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SQR

XTR TDP JZSR T&P

Rd

Q&S

3. Noise and
vibration

v. Equip all conveyors
and hoppers with
hoods or other dust
control devices.
Ensure that vehicle
emissions are in
compliance with PRC
regulations.

ii. Maintain equipment
and machinery to a
high standard to
ensure efficient
running and fuel-
burning. Install tail
gas purifier on high-
horsepower
equipment to ensure
emissions are in
compliance with PRC
regulations.

iii. Initiate a regular
inspection and
certification system.

Air emission i
from vehicles
and equipment

Ensure that noise
levels from
equipment and
machinery strictly
conform to PRC-GB
12523-90.

ii. Provide adequate
route for large trucks
to keep them away
from residential
areas.

Noise from i
vehicles and
construction
machinery

iii. Improve the road
surface near village
areas.

Contractors 1A, KEPB,
County

EPBS

Contractors IA, KEPB,
County

EPBS

10

10

10

15

25

75

105

Z Xipuaddy

Ly



Item

Environmental
Impacts and
Issues

Mitigation Measures

Implementing Supervising

Agency

Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SQR

XTR TDP JZSR T&P

Rd

Q&S

4. Solid
wastes

Vibrations and
blasting

Domestic
waste from
workers’ camps

iv. Install portable noise

shields near sensitive
receptors such as
schools, hospitals,
and residential areas.

. At construction sites

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

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

i. Use blasting mats

and design blasts to
limit ground-borne
vibrations and air
overpressure.

Provide multi-
compartment
collection bins for
each construction
camp to facilitate the
reuse, recycling, and
composting of solid
waste. Spray the
dustbins regularly
with pesticides to
reduce flies.

Store wastes away
from water bodies
and regularly haul

Contractors

IA, KEPB,
County
EPBS

40

10

10

10 10 30

20

40

10

10

10

10

53

170

8y
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Item

Environmental
Impacts and
Issues

Mitigation Measures

Implementing Supervising
Agency Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SOQR XTR TDP JZSR T&P

Rd Q&S

5. Soil erosion
and stability

Construction i
and demolition
wastes could

have adverse
impacts on
surrounding
environments.

Erosion from i
spoil disposal
sites

them to a suitable
landfill or designated
dumping site.

Require the
contractors to
provide appropriate
waste storage
containers.

Where appropriate,
sign agreements
with locals for waste
disposal through
local facilities and to
approved disposal
sites.

In the course of
transporting
domestic garbage,
seal or cover loads
to avoid spillage en
route.

Collect at the waste
dump the solid
wastes that cannot
be used. Do not
discard them in such
a way that they will
damage farmland or
the surrounding
areas.

i. Store solid waste

and regularly
transport it off-site for
disposal.

Strip and stockpile
topsoil.

Contractors IA, KEPB,
County

EPBS

Contractors IA, KEPB,
County

EPBS,

90

800

30 20 40 25 70 50

800 800 800 800 800 4000

15 20

800 2000

360

11,600

Z Xipuaddy
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
OR BOR SQR XTR TDP JZSR T&P Rd Q&S
ii. Build retaining walls KWRB,
to safely contain YWR

spoil.

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

iv. Construct intercepting
ditches and drains to
prevent outside runoff
from entering
disposal sites, and
transfer runoff from
sites to existing
drainage system or
ponds.

v. Use clay bags for
temporary protection
during the dumping
period.

vi. Preserve existing
vegetation where no
construction activity
is planned, or
temporarily preserve
vegetation where
activity is planned for

a later date.

vii. Where topsoil is poor
or in short supply,
augment by mulched
vegetation removed
from inundation areas
and set aside for the

purpose.

viii. Rehabilitate the
sites first with grass.
Additional plantings

0§
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Item

Environmental
Impacts and
Issues

Mitigation Measures

Implementing Supervising
Agency Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SOQR XTR TDP JZSR T&P

Rd

Q&S

Erosion from i
guarries, and

borrow pits i

Erosion from i
construction
sites

i. Provide temporary

only when grass has
established.

Strip and stockpile Contractors

topsoil.

IA, KEPB,
County
EPBS,
KWRB,
YWR

Provide temporary
detention ponds or
containment to
control silt runoff.

Construct intercepting
ditches and drains to
prevent outside runoff
from entering
disposal sites, and
transfer runoff from
sites to existing
drainage system or
ponds.

. Preserve existing

vegetation where no
construction activity is
planned, or
temporarily preserve
vegetation where
activity is planned for
a later date.

. Rehabilitate borrow

sites into grassland,

woodland, or

farmland after

closing.

Contractors IA, KEPB,

County
EPBS

Strip and stockpile
topsoil.

detention ponds or
containment to
control silt runoff.

200

400

200 200 200 200 200 1,000

300 300 300 200 300 420

200

100

600

200

3,000

2,520

Z Xipuaddy
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Item Environmental
Impacts and
Issues

Mitigation Measures

Implementing Supervising

Agency

Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR BQOR SQR XTR TDP JZSR T&P

Rd

Q&S

Replanting of
disturbed areas
including spoil
disposal sites

Construct intercepting
ditches and chutes to
prevent outside runoff
from entering
construction sites,
and transfer runoff
from sites to existing
drainage system or
ponds.

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

In compliance with
PRC's forestry law,
the 1A will undertake
compensatory
planting of an
equivalent or larger
area of affected
forest trees.

i. Replanting will use a

selection of species
that are suitable for
this area and have
the most appropriate
attributes to survive
and serve their
designated functions.

All quarries and
borrow pits will be
restored, where
possible, to
productive
agricultural land or
grass and woodland.

Contractors,
1A

IA, KEPB, 130 70 70 70 60
County

EPBS

KWRB,

YWRB,

KFB

130

70

60

130

790

[As]
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
iv. Spoil disposal sites
will be restored
initially with grass.
Additional plantings
only when grass has
established.
v. New plantings will be
maintained during the
operation period.
6. Ecological Disturbance to  While ecological studies Contractors, IA, KEPB, 250 / / / / / / / 250
study Xundian white  of the fish are being 1A County
fish completed, semi- EPBS
artificial breeding spots KWRB,
in the form of floating YWRB
fish nests will be
installed and
maintained.
7. Social Resettlement All affected persons will  IA EA, KMG, 948,000
be compensated and communities (Included in R
resettled in a timely and P)
adequate manner, in
accordance with the
resettlement plan.
Resettlement 1A, EA, KMG, 10 4 3 10 20 / .6 / 47.6
environmental protection Contractors communities
measures are garbage
disposal; monitoring
drinking water, air, and
noise; health monitoring.
Traffic i. Site and manage Contractors, EA, Xundian 10 / / / 10 10 20 / 50
management interim roads to avoid A and
traffic problems. Songming
ii. Select transport Traffic
authorities

routes to reduce
disturbance to regular
traffic.

Z Xipuaddy
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Item Environmental
Impacts and

Issues

Mitigation Measures

Implementing Supervising

Agency

Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SOQR XTR TDP JZSR T&P

Rd

Q&S

Work camp
health and
hygiene

iv.

Divert traffic at peak
traffic hours.

Block and reinstate
interim roads to
original condition on
completion of
construction.

Require contractors
to safeguard
environmental
hygiene in the
construction camps,
including the quality
of food and water
supplies. Establish
medical facilities
among the camps
and screen workers
for health problems.

i. Implement the

HIV/AIDS action plan
described in the
poverty and social
assessment,
including awareness
training for both

workers and villagers.

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

. Ensure that

construction site
operations comply

Contractors,
1A

IA, local
or/and
provincial
health
bureau

50

25

20

20

15

45

35

20

20

250

145]
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Item

Environmental

Impacts and
Issues

Mitigation Measures  Implementing Supervising

Agency Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SOQR XTR TDP JZSR T&P

Rd

Q&S

8. Water
quality

Cultural
heritage
protection

Any organic
materials left in
the inundation
area, such as
trees, shrubs,
and grasses
will decay
during initial
inundation
resulting in
depleted DO.

with the PRC’s State
Administration of
Worker Safety Laws
and Regulations.

Preserve cultural
heritage values
where identified. In
accordance with PRC
regulations, no
person shall destroy,
damage, deface,
conceal, or otherwise
interfere with a relic.

Contractors IA, local
or/and
provincial
cultural
heritage
bureau

i. In case an important

site is unearthed,
stop work
immediately and
promptly refer the
matter to the county,
municipal, provincial,
or state agencies for
evaluation and
decision on
appropriate actions.

Clear and remove all
vegetation from
inundation zone
before flooding.

IA, XFB, SFB  EA, KEPB,
County

EPBS

Mulch vegetation and
use in rehabilitation
of disturbed areas.

Avoid delay in
construction or
inundation, providing
time for natural
vegetation to grow
back.

40

20 10 10 / 20 /

Contingency

100
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
Greenhouse Clear and remove all IA, XFB, SFB  EA, KEPB, Included
gases with vegetation from county above
reservoirs inundation zone to avoid EPBS
emitting CO; emission of CO, and
and methane methane (see above).
C. Operation
1. Water Fish raising Currently fish raising is 1A, MWR, YWRB, Included in
allowed in the KEPB, RP costs
Qingshuihai Lake. It will County
be discontinued during EPBS
project operation.
Lakeside The operation of tourist 1A, MWR, YWRB, Included in
commercial villages on the foreshore KEPB, RP costs
development of Qingshuihai Lake will County
be discontinued in the EPBS
medium term.
Sediment Flushing operations will DI, 1A EA, YWRB, Included in
flushing from be undertaken in MWR Operations
source combination with wet Costs
reservoirs season spillway flows
and in accordance with
the Sediment Flushing
Plan.
Wastewater i. Wastewater from the 1A KEPB, Included in
from the management office county Operations
management will be collected and EPBS Costs
office hauled to the waste

treatment facilities
directly.

ii. A septic tank or one
set of on-site
wastewater treatment
device will be
installed for treating
wastewater from

9G
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Item

Environmental
Impacts and
Issues

Mitigation Measures

Implementing Supervising
Agency Agency

Budget (CNY1,000)

Subtotal
(CNY1,000)

QR

BOR SOQR XTR TDP JZSR T&P

Rd

Q&S

2. Solid
wastes

management offices
before being
discharged into the
receiving water
bodies.

Water quality of i.
return waters

from Kunming

city reentering

the river basin

In the developing
areas of Kunming
city, which will be the
main beneficiaries of
project water, four
new WWTPs will be
built with a combined
caapacity of 200,000
m~/day.

ii. New industrial
developments will be
screened to lower the
amounts of water
consumption and
discharge, as well as
reduce the discharge
of pollutants.

iii. KMG will target a
goal of 20% water
recycling rate, using
a range of measures
including
implementation of the
“one household, one
meter” policy.

Provide multi-
compartment
collection bins to
facilitate the reuse,
recycling, and
composting of solid
waste.

Solid waste i
from

management
offices

KEPB,
county
EPBS

1A, Kunming
Drainage
Company,
Management
Office of
NADZ and
EDZ

1A XEPB,
SEPB,
KEPB

Developments
under the 11t
h5-Year Plan

Included in
Operations
Cost

Z Xipuaddy
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
ii. Sign agreements with
locals for waste
disposal, where
appropriate, through
local facilities.
iii. In transporting
domestic garbage,
seal or cover loads to
avoid spillage en
route.
3. Ecological ~ Water transfer  Implement an adaptive 1A Downstream /[ 6lyr  6lyr  6lyr / / / / [ 18lyr plus
issues issues within management approach Village expenses
the basin: for the control of committee (total150)
reduction of downstream releases at XEPB
downstream Shigiao and Bangiao
flows of river dams in
Bangiao and accordance with

Shigiao dams

detailed rules defining
triggers and impact
thresholds for change in
the riparian release
prepared by the 1A
before commissioning of
reservoirs.

Use the results of
downstream
environmental
monitoring as feedback
to influence the storage
operation. This involves
a monitoring and review
function. Hire one
person from each
downstream village to
monitor the water flow to
downstream areas and
report on livelihood
changes.

8§
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
Invasion of EIA concluded that the 1A KEPB 200 / / / / / / / / 200
unwanted potential for invasion of
aquatic plants  unwanted aquatic plants
in reservoirs is very low.
During the first 5 year-
period, monitor aquatic
plants at the inlet of the
Qingshuihai reservoir.
Implement interception
measures where any
unwanted aquatic plants
are found.
4. Health risks  Public health Investigation results See
threats and show no waterborne monitoring
increase of diseases in the project plan
health risks area.
No mitigation measures
are required beyond the
recommended
environment monitoring
program.
5. Induced The small No mitigation measures
seismic capacities of are required.
instability the Bangiao
and Shigiao

reservoirs and
the marginally
increased
capacities of
Qingshuihai
and
Jinzhongshan
reservoirs are
unlikely to
induce seismic
events.

Z Xipuaddy
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues
QR BQR SQR XTR TDP JZSR T&P Rd Q&S
6. Dam safety i. Provide adequate IA and local Local Included in
Environmental and function supervision and public utility government, the
risks management. bureaus KEPB, construction
ii. Enhance operation county budgets and
monitoring. EPBS operation
costs
Ill. Regularly maintain
environment facilities.
iv. Prepare emergency
response plans.
V. To minimize
sedimentation in the
reservoirs, include in
the designs low-level
sluices for flushing of
sediment through the
reservoirs to keep the
transfers clear.
Flood and i. Putin place warning 1A EA, YWRB, Included in
seismic events plans for floods to MWR the
warn people construction
downstream. Include budgets and
spillway flows and operation
occasional sediment costs
flushing.
ii. Setup an earthquake
monitoring station at
Haiwei.
iii. KMG will be
responsible for the
Emergency Action
Plan.
Fall gradients The height difference DI, IA EA, YWRB, Included in
and velocity of between Qingshuihai MWR design and
water flow reservoir and Kunming engineering
is 220 m and the cost

transfer distance is 75
km. The gradient is very

09
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Item Environmental  Mitigation Measures  Implementing Supervising Budget (CNY1,000) Subtotal
Impacts and Agency Agency (CNY1,000)
Issues

QR BQR SQR XTR TDP JZSR T&P Rd Q&S

small. Include energy
dissipation installations
in the steep sections.

Bank erosion No mitigation measures
and flooding are required.
risks

The transfer
lines are piped
or in concrete
channels. No
bank erosion

will result.

Insufficient Conduct training for 1A KEPB, Included in
environmental  environmental county the training
management management, and EPBS program
capacity develop facility and staff

setup.

ADB = Asian Development Bank, BQR = Bangiao Reservoir, CO, = carbon dioxide, DI = design institute, EA = executing agency, EIA = environmental impact assessment,
EPB = environmental protection bureau, FS = feasibility study, IA = implementing agency, JZSR = Jinzhongshan reservoir, KAB = Kunming Agricultural Bureau, KEPB =
Kunming Municipal Environmental Protection Bureau, KFB = Kunming Forest Bureau, km = kilometer, KMG = Kunming municipal government, KPLG = Kunming Project
Leading Group, KPMO = Kunming project management office, KWB = Kunming Water Resource Bureau, KWSG = Kunming Water Supply Group, m = meter, m~ = cubic
meter, mm = millimeter, MWR = Ministry of Water Resources, NADZ = New Airport Development Zone, PRC = People’s Republic of China, Q&S = quarries and spoil sites, RP
= resettlement plan, QR = Qingshuihai reservoir, Rd = road, SEPA = State Environmental Protection Administration, SEPB = Songming County Environmental Protection
Bureau, SEPP = Soil erosion prevention plan, SFB = Songming Forest Bureau, SQR = Shigiao reservoir, T&P = tunnels and pipeline, TDP = Tabizi Dragon Pool, WRB = Water
Resources Bureau, WWTP = wastewater treatment plant, XEPB = Xundian County Environmental Bureau, XFB = Xundian Forest Bureau, XTR = Xintian reservoir, YEPB =
Yunnan Provincial Environmental Protection Bureau.

& Centralized activity. Costs not distributed among component locations.
Source: TA team.
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62 Appendix 2

D. Environmental Monitoring
1. Monitoring Program
7. The project monitoring program will focus on the environment within the project area. A

detailed environmental monitoring program is in Table A2.2. The program considers the scope
of monitoring, monitoring parameters and frequency, data processing, and quality control
requirements.

8. The 1A will, at the outset of project implementation, prepare more detailed internal
monitoring programs to be implemented during construction and operation phases. The
monitoring programs will be carried out more frequently than the compliance monitoring
programs. The monitoring programs and budgets will be included in the project tendering
documents and budgets, as well as in the construction and operation contracts. At the outset of
project implementation, the IA will develop (i) a DMF to systematically generate data on inputs
and outputs of the project components, and (i) detailed environmental and related
socioeconomic indicators to measure project impacts.

9. Under the DMF, baseline and progress data will be reported at the requisite time
intervals by the IA. The IA will be responsible for analyzing and consolidating the data through
the management information systems. The DMF will be designed to permit adequate flexibility
to adapt remedial action regarding project design, schedules, activities, and development
impacts.

10. External monitoring will be carried out by licensed environmental monitoring centers
(EMCs) on behalf of municipal and county environmental protection bureaus (EPBs) during
construction and operation. The external monitoring program is to ensure that the IA and its
contractors and operators are in compliance with People’'s Republic of China (PRC)
environmental standards and regulations.

2. Monitoring Management

11. During construction and operation phases, the IA will make appropriate arrangements
for internal monitoring according to the progress of project implementation. The IA may assign,
employ, or contract a team of environmental supervisors for the task. Monitoring reports will be
made available to the Kunming Environmental Protection Bureau (KEPB) as required. When
complaints are received from the public, monitoring staff will immediately conduct additional
inspections.

E. Monitoring Costs

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



Table A2.2 Environmental Monitoring Program

Item Parameters Location Implementing  Supervising Time and Subtotal
Agency Agency Frequency QR BQR SQR XTR TDP JZSR T&P Rd Q&S (CNY 1,000)
A. Construction Costs are distributed over the 4-5 year construction period.
1. Work pH, SS, DO, Internal monitoring Internal 1A Random spot 40 40 25 25 20 40 20 5 5 220
camp NHs.N, TP, will be conducted at  monitoring: check of the
domestic BODs, COD, all construction sites domestic waste-
wastewater total coliform, oil and domestic waste- contractors, |A water effluent
quality water discharge /environmental sites
Water area. supervisor
pollution
mitigation External monitoring External KEPB One sampling 15 8 8 8 6 8 3 3 3 62
measures will be conducted at  monitoring: each day each
listed in A2.1 24 camp sites (listed time, twice per
in EIA Table 7.1) licensed EMC year including
once in dry
season and once
in rainy season
2. pH, SS, oil Internal monitoring Internal 1A Random spot 100 90 75 40 20 80 50 5 / 460
Construction will be conducted at  monitoring: check of the
wastewater all construction sites. wastewater
and waste- contractors, IA effluent sites
water External monitoring /environmental
pollution will be conducted at  supervisor
mitigation 24 sites (listed in EIA
measures Table 7.1). External KEPB One sampling 10 6 6 6 6 6 6 / 4 50
monitoring: each day each
time, twice per
licensed EMC year
3. Water pH, SS, DO, Internal monitoring Internal 1A Random spot 30 40 30 30 10 20 10 5 5 180
quality of NH3N, TP, will be conducted at  monitoring: checks
receiving BODs, COD, all construction sites.
water body total coliform, oil contractors, A
/environmental
200 m downstream supervisor
Water of the dam of BQR,
source SQR, XTR, TDP, and External KEPB One sampling 8 5 5 5 5 5 5 / 1 39
protection the confluence of BQ monitoring each day each
measures river and XT river time, twice per
licensed EMC year

2 Xipuaddy
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Item Parameters Location Implementing  Supervising Time and Subtotal
Agency Agency Frequency QR BQR SQR XTR TDP JZSR T&P Rd Q&S (CNY 1,000)
4. Hardness, Mn, Drinking water Internal 1A Random spot 30 50 25 25 10 20 20 / 10 190
Construction Fe, CClyg fecal  source areas or monitoring: checks
workers’ coliform, sulfate, water supply (if
drinking nitrate, residual  imported) contractors, 1A
water source chlorine /environmental
supervisor
External KEPB One sampling 4 3 3 3 3 3 3 / / 22
monitoring: each time, once
a year
licensed EMC
5. Air Use of dust Internal monitoring Internal 1A Spot check of 40 40 15 15 10 20 10 10 10 170
All the air shrouds, water will be conducted at monitoring: construction
pollution spraying all construction sites sites
prevention and nearby villages.  contractors, IA
measures /environmental
Maintenance supervisor
and condition of ~ External monitoring
vehicles and will be conducted at  External KEPB/YEPB Once peryearat 10 7 4 4 4 5 4 / 1 39
equipment. 14 sites: Haiwei, monitoring: peak
Xiniutang, construction
TSP, SOy, NOx Ma'anshan, Hujing, licensed EMC period, two
Laohaitou, Xiatuoqi, samplings 1 day
Enjia, Luoduo, at each location
Niuluzhuang, each time
Zhujiaying,
Taohua’an, Qumiao,
Xiaobeidang,
Gegentang
6. Noise Leq (dB[A)) Same locations as in  Internal 1A Random, but at 80 70 30 30 20 40 50 10 10 340
Noise air quality monitoring  monitoring: least once
pollution monthly, 1day
control contractors, IA each time and
measures /environmental two samples

supervisor

each day: once
during daytime,
once during
nighttime

9
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Item Parameters Location Implementing  Supervising Time and Subtotal
Agency Agency Frequency QR BQR SQR XTR TDP JZSR T&P Rd Q&S (CNY 1,000)
External KEPB/XEPB/ Random, but at 1 1 1 / / 1 2 1 1 8
monitoring: SEPB least once a
year, 1 day each
Licensed EMC time and two
samples each
day: once during
daytime, once
during nighttime
7. Soil Topsoil All spoil disposal Internal 1A Random spot 30 28 20 10 10 25 50 / 5 178
erosion stockpile, sites and monitoring: check, in rainy
activity and detention ponds  construction sites season and at
erosion construction, contractors, 1A least four times a
control intercepting /environmental year
measures ditches, supervisor
rehabilitate .
construction External KEPB/KFB Quarterly, twice 800 500 350 250 80 400 900 /50 3,330
sites monitoring: during April to
May and twice
licensed soll from July to
erosion September.
monitoring unit Additional
monitoring will
be conducted if
the rainfall > 50
mm.
Compensatory Disposal sites, Internal 1A Random spot 8 6 6 8 4 8 10 / 2 52
plantings. quarry sites, and monitoring: check
Revegetation of  borrow pits
spoil disposal contractors, 1A
sites and /environmental
construction supervisor
sites. External KEPB/KFB Quarterly, twice 80 40 30 30 10 60 100 /10 360
monitoring: during April to
May and twice
licensed soll from July to
erosion September.
monitoring unit Additional

monitoring will
be conducted if
rainfall > 50 mm.

2 Xipuaddy
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Item Parameters Location Implementing  Supervising Time and Subtotal
Agency Agency Frequency QR BQR SQR XTR TDP JZSR T&P Rd Q&S (CNY 1,000)
8. Xundian Behavior and Qingshuihai reservoir External KEPB First 5 years, 250 / / / / / / / / 250
fish location of monitoring: from April to
spawn sites of June.
Xundian fish Fishery
Research
Institute
9. Hygiene Health status Construction sites Internal 1A Random spot 4 4 4 4 4 4 4 1 1 30
and disease  Hygiene status and work camps and  monitoring: check
Availability of resettlement area
clean water, contractors, 1A
food, and
medical advice External KEPB Once a year 7 5 5 5 5 5 10 / 3 45
HIV/AIDS monitoring:
awareness )
Xundian and
Songming
County
Epidemic
Prevention
Department
Subtotal Soil erosion: CNY 230,000 internal monitoring by IA or mitigation monitoring supervision firm on behalf of EA; CNY 3,690,000 external monitoring by 6,025
licensed soil erosion monitoring unit.
Other environmental mitigation measures: CNY 1,590,000 for internal monitoring and CNY 513,000 for external monitoring
B. Environmental Check-and-Acceptance of Project Completion (hormally 3 months after project completion according to PRC regulation)
1. Surface pH, SS, DO, Check all Licensed SEPA Onlyonce forthe 20 20 20 20 15 20 / / / 115
water NH3N, TP, environmental environmental whole auditing
BODs, COD, mitigation measures  institutes period
total coliform, oil ~ affecting water One sampling
quality at QR, BQR, each day for 3
SOQR, XTR, TDP, and consecutive
JZSR days at each
location during
the audit
2. Effluents COD, BODs, SS, Effluents of domestic Licensed SEPA 1 day at each 6 6 6 6 / 6 6 / 4 40
NHs-N, TN, TP,  waste, non-point environmental location
oil, fecal coliform pollution source, and institutes Only once for the

management office

whole auditing
period

99
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Item Parameters Location Implementing  Supervising Time and Subtotal

Agency Agency Frequency QR BQR SQR XTR TDP JZSR T&P Rd Q&S (CNY 1,000)
3.Reservoir  Removal of All reservoir locations Licensed SEPA 1 day at each 2 2 2 1 / 2 / / / 9
bed clear- vegetation from Environmental location
ance inundation zones institutes Only once for the
whole auditing
period
4. Solid Solid waste Management office,  Licensed SEPA 1 day at each 1 5
waste collection and villages in the water ~ environmental location
disposal source area. institutes Only once for the
measures whole auditing
period
5. Emergency Check the Reservoir locations Licensed SEPA 1 day at each 1 5
planning existence and environmental location
knowledge of institutes Only once for the
Emergency whole auditing
Plan. Check period
knowledge of
emergency
procedures
among operating
staff.
6. Capacity/  Check the KWSG Licensed SEPA 1 day at each 3
capability environmental environmental location
information institutes Only once for the
office, and whole auditing
environmental period
capacity of the
IA.
Check KWSG Licensed SEPA 1 day at each / 5
environmental environmental location
monitoring institutes Only once for the
reports during whole auditing
construction. period
7. Soil and Inspect All sites especially Licensed SEPA Spot check 1 11
vegetation vegetation the spoil disposal environmental Once for the
survival and sites institutes whole auditing
coverage rate. period
Site survey
Subtotal 186

2 Xipuaddy
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Item Parameters Location Implementing  Supervising Time and Subtotal
Agency Frequency BQR SQR XTR TDP JZSR T&P Q&S (CNY 1,000)
C. Operation Operation phase costs are listed as recurring annual costs
1. Surface Temperature, All reservoirs Internal QR: continuous 320/yr
water DO, SS, NHsN, monitoring: monitoring (Included in
TN, TP, BODs, Other reservoirs: operation
COD, fluoride, operators, 1A 1 day for each costs)
sulfate, nitrate, time and four
As, Hg, Cu, Mn, times a year
Se, Zn, Pb, Cr,
Fe, chlorides,
oils, weeds
External 1 day for each 150/yr
monitoring: time, four times (Included in
a year operation
licensed EMC costs)
2. Waste- COD, BODs, SS, Management office Internal Spot check of 5lyr
water NHs-N, TP, TN, monitoring: treatment facility (Included in
effluent from  oil, fecal coliform operation
offices operators, IA costs)
External KEPB/YEPB 1 day for each 20/yr
monitoring: time, twice a (Included in
year operation
licensed EMC costs)
3. Solid Collection and Management office Internal Spot check, 10/yr
waste disposal monitoring: twice a year (Included in
procedures for operation
solid waste from contractors, IA costs)
management
office
External Spot check, S/yr
monitoring: once a year (Included in
operation
licensed EMC costs)
4. Soil and Inspect Reforestation sites Internal Spot check, 1 12/yr
vegetation vegetation (spoil disposal sites monitoring: once a year (Included in
survival and and construction operation
contractors, IA costs)

coverage rate.

sites)

89
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Item Parameters Location Implementing  Supervising Time and Subtotal

Agency Agency Frequency QR BQR SQR XTR TDP JZSR T&P Rd Q&S (CNY 1,000)
External KEPB/KFB Spot check, 1 1 1 1 / 1 1 / 1 Tlyr
monitoring: every second (Included in
year operation
licensed EMC costs)
5. Environ- Downstream In the river reach Internal PMO/KEPB  Spot check, / 4 3 |/ / / Tlyr
mental flows  ecology and 500-1000 m monitoring: quarterly (Included in
water demands  downstream of BQR operation
and SQR 1A costs)
impoundments
External KEPB/KWB  Once a week / 5 5 |/ / / 10/yr
monitoring: during dry (Included in
season EMP costs)
villager
representatives

BODs = 5-day biochemical oxygen demand, BQR = Bangiao reservoir, CCls = carbon tetrachloride, COD = chemical oxygen demand, DO = dissolved oxygen, EMC =
environmental monitoring center, Fe = iron, IA = implementing agency, KEPB = Kunming Municipal Environmental Protection Bureau, KFC = Kunming Municipal Forest Bureau,
KWB = Kunming Water Bureau, KWRB = Kunming Water Resource Bureau, KWSG = Kunming Water Supply Group Co., Leg = equivalent continuous noise level, Mn =
manganese, NHz.N = ammonia nitrogen, NOx = nitrogen oxides, PMO = municipal project management office, QR = Qingshuihai reservoir, Q&S = quarries and spoil sites, Rd =
roads, SEPA = State Environmental Protection Administration, SOx = sulfur oxides, SQR = Shigiao reservoir, SS = suspended solids, TA = technical assistance, TDP = Tabizi
Dragon Pool, T&P = tunnels and pipelines, TP = total phosphorus, TSP = total suspended particles, YEPB = Yunnan Provincial Environmental Protection Bureau, XTR = Xintian
reservoir.

Note:  During operation, the monitoring cost is included in the project operation cost.
During construction and operation of the project, county-level environmental protection bureaus will conduct environmental supervision on behalf of KEPB.

Licensed EMC: a qualified environmental monitoring center entrusted by PMO/IA to conduct environmental quality monitoring, and prepare and submit monitoring report to 1A and
KEPB.

Licensed Soil Erosion Monitoring Unit: a unit entrusted by PMO/IA to conduct soil erosion monitoring, and prepare and submit report to IA, KEPB, and KWB.

Licensed Environmental Institute: an institute entrusted by SEPA to prepare report of Environmental Check-and-Acceptance of Project Completion for SEPA before operation of
the project.

Environmental supervisor: independent environmental supervisor or staff of the contracted project supervision firm, who will conduct internal monitoring on behalf of IA to supervise
the implementation of the environmental mitigation measures during construction.

Sources: TA consultants report based on the environmental impact assessment report and soil erosion prevention plan (1A, 2004—-2007).
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F. Public Consultation
1. Public Consultation during Project Preparation
13. Two rounds of public consultation were conducted. For details, please refer to Chapter

VIl of the Summary Environmental Impact Assessment (SEIA).

14. Direct public participation was conducted as an ongoing element in developing the
Project. The activities were carried out by the Yunnan Water Resources and Hydropower
Survey, Design and Research Institute in its preparation of the EIA and by the technical
assistance (TA) team following the PRC National Environmental Impact Assessments Technical
Guidelines and Asian Development Bank (ADB) guidelines.

2. Future Public Consultation Plan

15. Future plans for public involvement during the design, construction, and operation
phases were developed during project preparation. The plans include public participation in (i)
monitoring impacts and mitigation measures during the construction and operation stages, (i)
evaluating environmental and economic benefits and social impacts, and (iii) interviewing the
public after the Project is completed. They involve several types of public involvement, e.g., site
visits, workshops, investigation of specific issues, interviews, and public hearings (Table A2.3).

16. Public participation plans are part of the project implementation and management plan.
The 1A is responsible for public participation during project implementation. Costs of public
participation activities during construction are included in the project funding. The costs are
estimated as CNY3,000 for each expert workshop, CNY20,000 for each public investigation on
a particular issue, CNY5,000 for each public workshop, and CNY6,000 for each press
conference. Costs of public participation activities during operation will be covered by the IA.

Table A2.3: Public Consultation Plan

Organizer Approach Times Subjects Participants
Project Preparation

EIA preparation Questionnaires During field Project priority, effects, Residents within
authors (institutes) and interviews work for EIA attitudes toward the inundation areas and

TA team

Construction
1A, PMO

Questionnaires
Site visits and
public
consultations

Public consultation
and site visits

Expert workshop or
press conference

Public workshop

Two rounds of
formal
consultation

At least once a

year

At least once

At least once a
year

Project/components,
and suggestions
Comments and
recommendations of
affected people and
stakeholders

Adjusting mitigation
measures if necessary,
construction impacts,
comments and
suggestions
Comments and
suggestions on
mitigation measures,
public opinions
Adjusting mitigation
measures if necessary,
construction impacts,
comments and

construction area

Representatives of
affected people and
stakeholder agencies

Residents within
construction
area

Experts from various
sectors, media

Representatives of
residents and social
sectors
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Organizer Approach Times Subjects Participants
suggestions
Operation
1A Public consultation At least once Effects of mitigation Residents adjacent to
and site visits measures, impacts of project sites

operation, comments
and suggestions

Public workshop As needed, Effects of mitigation Representatives of
based on measures, impacts of residents and social
public operation, comments sectors
consultation and suggestions

Expert workshop or  As needed, Comments and Experts from various

press conference based on suggestions on sectors, media
public operational impacts,
consultation public opinions
and workshop

Public At least once Comments and Project beneficiaries

satisfaction suggestions

survey

EIA = environmental impact assessment, |IA = implementing agency, PMO = project management office, TA =
technical assistance.

Source: Data provided by the PMO.

G. Responsibility and Implementing Authorities

17. The Kunming municipal government (KMG) is the Executing Agency and responsibility
has been assigned to a vice-mayor. For managing the Project, KMG has developed detailed
arrangements to be coordinated by the

® Project Leading Group (PLG),
(i) Project Management Office (PMO), and
(iii) Implementing Agency (Kunming Water Supply Group [KWSG]).

18. The PLG coordinates activities and responsibilities associated with the Project. It is
headed by a vice-mayor who has been allocated responsibility for the Project and for facilitating
the associated financial arrangements, including the ADB loan. The PLG includes all the
agencies of KMG, which are considered to have functions relevant to water supply
augmentation or to the provision of water supply and water management within Kunming
municipality. The membership of the PLG includes the Kunming EPB. The role of the PLG is to
provide the political will to support the successful completion of the Project. This group
integrates the Project with government policies and procedures, ensures that funds are
available on time, ensures that all relevant agencies contribute to project implementation, and
monitors progress.

19. The PMO is under the supervision of the PLG. The director of the PMO is the vice
general secretary of KMG. The PMO has a range of responsibilities during project
implementation, coordinating activites among KMG, TA team, and ADB. Social and
resettlement issues are to be controlled by the engineering and technical unit of the PMO.

20. KMG has appointed the KWSG as IA for the Project. The KWSG is responsible for
constructing the scheme according to the final approved design, and will receive project funds
for that purpose.
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21. The PMO, the KWSG and contractors will each nominate dedicated, trained, and
gualified environment specialists to undertake environmental management activities and ensure
effective EMP implementation. National consultants will assist the PMO and the KWSG in
preparing semiannual EMP progress reports and carrying out training programs. Table A2.4
shows the environmental responsibilities in different phases of the Project.

Table A2.4: Environmental Responsibility

Phase Responsible Agencies Environmental Responsibility
Preparation Environmental Institutes Preparation of EIA for Project and other project
KMG, YPG documentation such as SEPP and Strategic Environmental
Assessment
Review and approval of project documentation, and water
permit, SEPP
PMO, SEPA Review and approval of the EIA and EMP
ADB, PMO Review and approval of the SEIA including the EMP
Design DI Updating the EMP in cooperation with environmental

institutes, and incorporating mitigation measures in
engineering detail designs and contracts

PMO,KWSG Review and approval of environmental measures
Tendering PMO, contractors, KWSG Incorporating EMP clauses in the bidding documents
Construction PMO, KWSG, KEBP, Advising on implementation of mitigation measures

county EPBs

Contractors Implementation of mitigation measures
KWSG Internal inspection and monitoring
KEPB, county EPBs External monitoring and inspection of implementation of

mitigation measures.
Operation KWSG Implementation of mitigation measures
Internal environmental monitoring and inspection

KEPB, county EPBs Periodical and random environmental monitoring and
inspection of environmental compliance

ADB = Asian Development Bank, DI = design institute, EMP = environmental management plan, EPB =
environmental protection bureau, IA = implementing agency, KEPB = Kunming Municipal Environmental Protection
Bureau, KMG = Kunming municipal government, KSWG = Kunming Water Supply Group, PMO = project
management office, SEIA = summary environmental impact assessment, SEPA = State Environmental Protection
Administration, SEPP = Soli Erosion Prevention Plan.

Source: Data provided by the PMO.

22. KWSG will be largely responsible for environmental management and implementation of
mitigation measures. It will ensure that the EMP is followed at the preparation, design,
construction, and operation phases. Construction contractors will be responsible for
implementing mitigation measures during construction, while KWSG will be responsible for
implementing such measures during operation. KWSG will be responsible for arranging
environmental monitoring reviews and responding to any adverse impacts beyond those
foreseen in the EIA.
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23. The municipal and county EPBs will ensure compliance with PRC and local
environmental regulations through spot check or regular environmental monitoring and
inspection during construction and operation (external monitoring). EPBs will review the
effectiveness of regulations annually and make modifications if necessary, in accordance with
applicable legal procedures. Appropriate penalties may be levied on the IA and contractors for
noncompliance.

24, KMG will provide the KWSG with financial and management authority to operate the
project facilities. The KWSG will incorporate environmental management activities into
construction management plans. The KWSG will be strengthened by environmental
management training as summarized in Table A2.5.

H. Institutional Strengthening and Training
1. Capacity and Performance of the KWSG

25. The institutional analysis of water sector organizations of the KMG, within the resources
provided by the TA, assessed the status and performance of the KWSG in very general terms.
The KWSG is providing domestic water supply to a population of about 1.5 million in addition to
water for public institutions, and industrial and commercial use. The KWSG therefore has strong
experience and capabilities in (i) major capital investment projects involving international
borrowing, and (ii) significant joint venturing of services with the private sector.

2. Capacity Building

26. To ensure the effective implementation of the EMP, it is necessary to confirm the
capacity of the implementing and supervising agencies, and to ensure that all parties involved in
mitigation measures and monitoring of environmental performance have a common
understanding of the goals, methods, and practices of environmental management. The KWSG
and county EPBs will therefore be given EMP training that is specific to their roles in this
Project. However, the main training emphasis (>50% of training budget) will be to ensure that
contractors are well-versed in environmentally sound practices and are able to undertake all
construction with the appropriate environmental safeguards (see schedule in Table A2.5).

27. Funding of this training will be included in the project budget and in the operation and
maintenance budgets during the operation phase.

Table A2.5: Institutional Strengthening and Training

Training Topics Attendees Contents Times Days Number Cost per Total
of Person- Cost
Trainees Day (CNY)
(CNY)
Environmental PMO, (i) Environmental laws and 1 1 15 300 4,500
laws, IA/operators, regulations
regulations, and contractors (i) Environmental policies
policies representatives and plans
(iii) Basic environmental
management
EMP IA, contractors (i) Responsibility and duties 1 3 40 300 36,000

implementation for project construction,
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Training Topics Attendees Contents Times Days Number Cost per Total
of Person- Cost
Trainees Day (CNY)

(CNY)

management, and
environmental protection
(i) Task of environmental
protection during project
construction

(iii) Key environmental
protection contents, etc., in
project construction

(iv) Various forms of
environmental reporting

(v) EMP improvement and
corrective actions

Crisis handling KWSG/operators, Crisis handling methods 1 2 10 300 6,000
contractors
Environmental KWSG/operators, (i) Adaptive management of 1 2 15 300 9,000
aspects of contractors riparian release
facility operation (ii) Environmental
and “housekeeping”
maintenance (iii) Safety operation
regulations
(iv) Emergency response
procedures
Environmental KWSG/operators, Monitoring and inspection 1 2 15 300 9,000
monitoring, KEPB/county methods; collecting,
inspection, and EPBs processing, and interpreting
reporting data; reporting system.
Total 64,500

EPB = environmental protection bureau, KEPB = Kunming Municipal Environmental Protection Bureau, KWSG =
Kunming Water Supply Group (implementing agency), PMO = project management office.

Source: Data provided by the PMO.

28. The training program will be an essential precursor to project construction. Longer term
and sustainable environmental capacity building will be covered in the proposed capacity
building TA to support project implementation.* The TA will include project management
consulting services, capacity building, and various forms of training during loan implementation.
It will include (i) corporate and business planning; (i) dam and reservoir management,
operation, and safety; (iii) water quality on-line monitoring; and (iv) development of a public
awareness training program on environmental protection and social impact monitoring.

l. Reporting and Supervision
1. Internal Monitoring Reports

29. During the construction period, results of internal monitoring by the KWSG will be
reflected in the weekly reports. The reports will summarize (i) environmental issues during

! KQWSP Loan Fact Finding MOU, May 2007.
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construction; (ii) mitigation measures taken, if any; and (iii) consequences of the impacts on the
environment and/or surrounding communities.

30. The contractors will be trained to take immediate actions to remedy unexpected adverse
impacts or ineffective or inefficient mitigation measures. The KWSG will also respond to these
reports so as to ensure that contractors have taken appropriate and timely action. Additional
steps may be taken, if needed, to ensure that all issues raised by the reports are appropriately
addressed.

31. Results from the detailed internal environmental monitoring program and mitigating
actions in the construction phase will be submitted weekly to the KWSG, monthly to the
Executing Agency and municipal and county EPBs, and two times a year to the PMO. The
municipal and county EPBs may request that further environmental mitigation actions be taken,
as they deem necessary, and may determine further mitigation measures for different stages, if
necessary.

2. External (Compliance) Monitoring Reports

32. EMCs will be authorized to carry out compliance monitoring on behalf of municipal and
county EPBs during construction and operation. EMCs are contractors and the KWSG will pay
for their services. The compliance monitoring reports will include (i) project background, (ii)
construction and operation activities, (iii) environmental conditions, (iv) measurement or
sampling locations, (v) analytical results, (vi) interpretation and implication of the monitoring
results, (vii) determination of the status of compliance with applicable regulations and standards,
and (viii) recommendations for improvement. These reports will be submitted to the municipal
and county EPBs with a copy to the PMO. The Yunnan Environmental Protection Bureau may
request that further environmental mitigating actions be taken if necessary.

3. Environmental Acceptance Monitoring

33. The environmental acceptance report of the completion of each major component will be
prepared in accordance with the PRC regulation on Environmental Check-and-Acceptance of
Project Completion (SEPA, 2001) within 3 months after each component’s completion. The
report will focus on the Project’'s compliance with environmental performance when it is put into
operation. The report will be sent to environmental authorities for review and approval.

4, Reports to ADB

34. The PMO will submit to ADB the EMP progress reports and information on project
implementation and the environmental performance of the contractors and the KWSG. The
reports will include (i) semiannual environmental reports on EMP implementation, and (i)
environmental compliance monitoring and audit report of the completion of each major
component. ADB may request that further environmental mitigation actions be taken, as it
deems necessary, and may determine further mitigation measures for different stages, if
necessary.
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Table A2.6: Reporting Plan
Report From To Frequency of
Reporting
Construction Phase
Internal Weekly internal monitoring reports by Contractors 1A Weekly
monitoring and  construction contractors
inspection
Monthly internal monitoring reports by the KWSG Municipal and Monthly
KWSG, the IA (or through environmental county EPBs
supervision consultants contracted by the
KWSG)
Semiannual internal environmental Municipal and PMO Twice a year
monitoring and inspection reports based on  county EPBs
the monthly reports
External Monthly external environmental monitoring  EMCs on YEPB Monthly
monitoring and  and inspection reports (including spot- behalf of
inspection check monitoring and inspection) municipal and
county EPBs
Semiannual external environmental YEPB PMO Twice a year
monitoring and inspection reports based on
the monthly reports
Reports to Semiannual progress reports based on all PMO ADB Twice a year
ADB internal and external reports
Operation
Internal Routine environmental monitoring reports KWSG/ Municipal and Monthly
monitoring operators county EPBs
and PMO
External Environmental compliance reports EMCs on PMO Quarterly
monitoring and behalf of
inspection municipal and
county EPBs
Reports to Semiannual reports based on all internal PMO ADB Yearly
ADB and external monitoring inspection reports (for 3 years

following start
of operation)

ADB = Asian Development Bank, EMC = environmental monitoring center (consultants), EPB = environmental
protection bureau, IA = implementing agency, KWSG = Kunming Water Supply Group, PMO = project management
office, YEPB = Yunnan Environmental Protection Bureau.

Source: Data provided by the PMO.

J. Work Plan

35. Before construction, the PMO and the KWSG will develop detailed responsibilities and
requirements for contractors and provide detailed cost estimates of mitigation measures and
environmental monitoring in the construction contracts. The PMO and the KWSG also will detalil
the responsibilities of their environmental management offices and prepare their work
schedules.

36. Before operation, the KWSG will develop detailed work plans for environmental
management and monitoring during operation based on the EMP. The work plans will be
submitted to the municipal and county EPBs to help them supervise implementation.
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K. Procurement Plan and Cost Estimates

37. The KWSG, with help from the PMO, will develop detailed plans for procuring equipment
and materials, and civil works for implementing mitigation measures and monitoring plans. The
plans will be incorporated into the project contracts. Environmental considerations will be
included to ensure environmentally responsive procurement.

38. Cost estimates for mitigation measures and monitoring plans are summarized in Tables
A2.1 and A2.2. The KWSG will bear all compliance monitoring costs and will ensure the
necessary budgets are available for the PMO and the EMCs. Internal monitoring costs will be
borne by the KWSG and contractors during construction, and by the KWSG during operation.
Before implementing a monitoring plan, responsible agencies will present a more detailed
breakdown of the estimated budget. During project implementation, the budgets will be adjusted
on the basis of actual requirements. The costs of all mitigation measures during construction will
be borne by contractors and will be included in the tender and contract documents; such costs
during operation will be borne by the KWSG. Costs related to environmental supervision during
construction and operation will be borne by the KWSG. Costs for training will be borne by the
Project as a whole. The training programs budget will be included in the construction and
operation contracts. During the operation phase the training budget will be included in the
operation and maintenance budget.

L. Mechanism for Feedback and Adjustment

39. On the basis of the inspection and monitoring reports, environmental authorities will
decide whether (i) further mitigation measures are required as corrective action, or (i) some
improvement is required to environmental management practices.

40. If during inspection substantial deviation from the EMP is found, or any changes made
to the Project may cause substantial adverse environmental impacts or increase the number of
affected people, then the PMO should immediately consult with environmental authorities and
ADB and form an environmental assessment team to conduct additional environmental
assessment and, if necessary, further public consultation. The revised EIA reports including the
EMP should be submitted to the environmental authorities for approval, and finally reported to
ADB. The revised EMP will be passed on to the contractor(s) and the KWSG for
implementation. The feedback and adjustment mechanism is illustrated in Figure A2.7.

41. The adaptive management of the environmental flows from source reservoirs (see the
SEIA, para. 102) will feed into Figure A2.7 as a direct feedback and response loop between the
public and the KWSG (operators) based on an agreed-upon reporting schedule between village
observers and the KWSG. Feedback from downstream monitoring will be acted on by the
KWSG/operators with a report on the monitoring data and response going to the municipal and
county EPBs.
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Figure A2.7: Feedback and Adjustment Mechanism
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ADB = Asian Development Bank, DI = design institute, EIAC = Environmental Impact Assessment Company, EMP =
environmental management plan, ESC = Environmental Supervision Company, IA = implementing agency, KEMC =
Kunming Municipal Environmental Monitoring Center, KEPB = Kunming Municipal Environmental Protection Bureau,
KMG = Kunming municipal government, KWB = Kunming Water Resource Bureau, KWSG = Kunming Water Supply
Group, PMO = project management office, SEPA = State Environmental Protection Administration, YEMC = Yunnan
Provincial Environmental Monitoring Center, YEPB = Yunnan Provincial Environmental Protection Bureau.
Source: TA team in consultation with the PMO and the 1A (KWSG).






