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1 Project Summary

1.1 Project Title

The Siem Reap Water Supply Expansion Project in The Kingdom of Cambodia

1.2 Type of the Study

The Type of the Study is a feasibility study. Initial Environmental Impact Assessment (IEIA) shall be

conducted mainly for selection of appropriate new water source and intake method, and Environmental
Impact Assessment (EIA) shall be conducted for Feasibility Study on the priority project to be

implemented in short term.

1.3 Methodology and Result of Screening

Screening system for IEIA and EIA ‘is under consideration in Cambodia and it may be a similar type of
JICA’s Guidelines according to Department of EIA, Ministry of Environment (MOE). Therefore, for this
project screening was carried out based on JICA’s guidelines. The criteria of JICA are as follows;
Category A: likely to have significant adverse impacts
Category B: potential adverse impacts are less than those of Category A projects
Category C: likely to have minimal or little adverse impacts
The project is classified as ‘Category B’ because the mitigation measures can be considered although
every alternative of the project may give some impact on environmental and social situation.
Three alternatives of water source are as follows: (refer to Figure 1-1)
1) Surface Water from Tonle Sap Lake (pipe intake or a new canal construction)
2) Surface Water from irrigation canal of West Baray
3} Groundwater from new wells near Tonle Sap Lake

Canal of West Baray

NO.1

Water of Tonle Sap Lake
(Pipeline or New canal)

NO.3

Groundwater
near the Tonle Sap Lake

§ Tonle Sap Lake

Figure 1-1 Three Alternatives of Water Source
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The result of screening for three alternatives is as shown in Table 1-1.
There may be possibility of fourteen impacts on environmental and social situation as follows:

i}  Local economy such as employment and livelihood

il)  Land use and utilization of local resources

iii) Cultural heritage

tv) Water Usage or Water Rights and Rights of Commeon

v) Infectious diseases such as HIV/AIDS

vi} Groundwater

vii} Flora, Fauna and Biodiversity

viil) Landscape

iX) Air Pollution

X)  Water Pollution

xi) Waste

xii) Noise and Vibration

xiii) Ground Subsidence

Xiv) Accidents

1.4 Responsible agencies which implement the project

Siem Reap Water Supply Authority, under Ministry of Industry, Mines and Energy

1.5 Outline of the Project

1.5.1 Purpose of the Project

The objective of this study is to conduct feasibility study for expansion of the water supply system in
Siem Reap Town including the followings:
» Selection of appropriate new water source and intake method
Conduct of F/S on the priority project to be implemented in short term
Evaluation of current status of groundwater use and development of monitoring system

Preparation of long-term water supply system development plan (for target year of 2030)

vV V V V¥

Technology transfer to counter parts of the Cambodian side
1.5.2 Study Area

The study shall cover whole Siem Reap District consisting of 13 communes and 1 commune of Kanndeak

in Prasat Bakong District as shown in Figure 1-2.
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1.6 Project Description

Since alternatives of water source and way of intake are studied at this stage, project description in detail for

EIA will be described at Feasibility Study stage.

N Jm:
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2 Environmental Restriction for the Project
21 The Protected Area

2.1.1 The Protected Area stipulated by MOE

MOE stipulates five kind of natural protected areas, National Park, Wildlife Sanctuary, Landscape
Protected Area, Multiple Use Area and Heritage Protected Area. Within the study area there are two kind
of protected area, Angkor Landscape Protected Area and Tonle Sap Multiple Use Area. The location is
shown in Figure 2-1 and the definitions are as follows;
»  Landscape Protected Area
A land or water area where the nature, ecosystem and cultural heritage should be protected from
destruction by human and there is a special beautiful area, and normally there is rich biodiversity. To

prevent this traditional area from destruction or to conserve this area is more important than to

{ develop it for human beings’ lives.

> Multiple Use Area
A land or water area which has much natural system and needs protection management of biodiversity

and sustainable ecosystem. More over, it can give natural products and services for community’s use

demand.
The facility for the project like water treatment facility should not be constructed in these areas.

“Lax;dsc;pe Protected Area
1 Multiple Use Area
Figure 2-1 Natural Protected Area by MOE

(Source: Natural Resource Assessment and Environmental Data Management Department, MOE)
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2.1.2 The Protected Area stipulated by MAFF

The Department of Fisheries, Ministry of Agriculture, Forest and Fisheries (MAFF) stipulates Fish
Sanctuary, Community Fisheries, Fishing Lot and Strictly Protected Inundated Forest Area. Within the
study area there are three kinds of areas, Community Fisheries, Fishing Lot and Strictly Protected
Inundated Forest Area. The location is shown in Figure 2-2.

Comumunity Fisheries prepare a Community Fishing Area Management Plan and Community Fishing
Area Agreement and contribute to poverty reduction of local community.

The fishery domain is the state property. It can cover public or private land in the flooding season
(management of these fisheries does not affect the ownership of the lands). (Article 9, Law on Fisheries)

There are about 37 Fishing Lots in Tonle Sap Lake at present although there were more than 50 lots
before. In 2001, the government embarked on an extensive reform of the fisheries sector by improving
access by the poor to the Fishing Lots. The government repealed 495,000 ha of officially auctioned
Fishing Lots, a reduction of 53% in the size of the official Fishing Lots to allow the poor to access
common fisheries resources. Industrial fishing is based on the Fishing Lots or concessions which were
allocated through an auction system for exclusive exploitation over a two-year period. The Fishing Lot,
NO.4, only one belonging to the Siem Reap Provincial area, can be leased for as much as 80 million Riels
(US$200,000) a year (source: Provincial Department of Fisheries). The artisanal and family fishermen are

not permitted to enter the Lot and fish outside it during an open season of fishing from October to May.

Strictly Protected Inundated Forest Area is set for sustainability of fishery resources and for important

aquatic habitats to feed, spawn and breed since 1962.

The facility for the project like water treatment facility should not be constructed in these areas and

pipeline should not be set through the heavily wooded areas.

Department of Forest stipulates Community Forests which can fulfill same function as Community
Fisheries. They prepare Community Forest Management Plan and Community Forest Agreement for

implementing the sustainable use and development of forest resources.

There is no Community Forest in the study area, although there are some Community Forests in northern

mountainous area.

There is no protected area designated by Department of Agriculture in the study area.
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T Strictly Protected Inundated Forest Area
Community Fisheries Area

1
] Fishing Lot
BN rish Sanctuary

Figure 2-2 The Protected Area by Department of Fisheries

{Source: Fisheries Administration, MAFF)

2.1.3 The World Cuitural Heritage Area inscribed by UNESCO

On 14™ December 1992, Angkor was inscribed in the World Heritage List and the World Heritage in
Danger covering the area of 401km2 with 90 temples as shown in Table 2-1.

Angkor was inscribed on the basis of the following criteria:

1.
2.

it represents a unique artistic achievement, a master piece of creative genius;

it has exerted great influence over a span of time, within a cultural area of the world, on
developments in architecture, monumental arts, and landscaping;

it bears a unique exceptional testimony to a civilization which has disappeared; and

it is an outstanding example of an architectural ensemble which illustrates a significant stage in

Also the Angkor Park was inscribed under five conditions as below:

These conditions were successively fulfilled. A Royal decree of 19th February 1995 providing a legal

(a) Enact adequate protective legislation

(b) Establish an adequately staffed national protection agency

(c) Establish permanent boundaries based on the UNDP project

(d) Define meaningful buffer zones

(e) Establish monitoring and coordination of the internationally conservation effort.

9
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basis for the creation of the Autorité pour la Protection du Site et I’ Aménagement de la Région d’ Angkor
(the National Authority for the Protection of the Site and Development of Angkor called APSARA

Authority— conditions (a) and (b} ). This acronym is a Khmer common word and signifies “celestial

dancer”.

10
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Table 2-1 The Temples inscribed in World Cultural Heritage List

No | Name i METERIAL No Name METERIAL
Monument inside Angkor Thom 26 49|Pr. Top brick & sandstone
1 [Baphuon sandstone 503Pr. Top 2 laterite
2 |Bayon sandstone 51|Pr. Tor brick & sandstone
3 Porte de la Victoire, Angkor sandstone 52 Spean Tor laterite
Tom
4 Porte des morts, Angkor Tom  [sandstone 53 Pre Rup brick laterite &
sandstone
5 |Porte Nord, Angkor Tom sandstone 54 |Prei Prasat (720 or 745) laterite & sandstone
6 |Porte Quest, Angkor Tom sandstone 55 1Spean Thmar laterite & sandstone
7 [Porte Sud, Angkor Tom sandstone 56|Ta Keo laterite & sandstone
8 |Khlgang nord Jaterite & sandstone 57 |Ta Nei laterite & sandstone
9 |Khleang Sud laterite & sandstone 58|Ta Prohm [aterite & sandstone

10 |Palais Royal

laterite & sandstone

59 | Thammanon

laterite & sandstone

111Pr. Chrung nord est

laterite & sandstone

Monument to the north of Angkor Them 10

12 |Pr. Chrung nord ouest

laterite & sandstone

60 |Banteay Prei

laterite & sandstone

13 |Pr. Chrung sud est

laterite & sandstone

61 1Krol Ko

bricl & sandstone

14 {Pr. Chrung sud ouest

laterite & sandstone

62 |Krol Romeas

laterite & sandstone

15 |Mangalartha 487

sandstone

63 |Neak Poan

laterite & sandstone

16 [Monument 486

laterite & sandstone

64 [Banteay Thom

laterite & sandstone

17 |Pr. Sour Prat

laterite & sandstone

65 |Pr. Prei Prasat

laterite & sandsione

18 {Prah Palilay

laterite & sandstone

66 | Pr. Tonlé Snguot

sandstone

19|Prah Pithu tour T

laterite & sandstone

67 |Preah Khan

laterite & sandstone

20 1Prah Pithu tour U sandstone 68 |Prah Pithu laterite & sandstone
21|Prah Pithu tour v sandstone 69iTa Som laterite & sandstone
22 |Prah Pithu tour X sandstone Monuments fo the West of Angker Thom 12
23 {Prah Pithu four Y sandstone 70 [AK Yum brick & sandstone
24 |Tep Pranam laterite & sandstone 71 iBaray Qccidental

Terrasse des Elephants sandstone Chapelle de 'Hopital Quest, laterite & sandstone
25 72

Angkor Thom
26| Terrasse du Roi Lépreux sandsione 73 {Mebon Qccidental laterite & sandstone
Monuments to the South of Angkor Thom 10 74 |Kas Ho brick & sandstone
27 |Angkor Vat sandstone 75 |Kuk Khpop brick & sandstone
28 Baksel Chamkrong brick laterite & 76 Phnom Rung brick & sandstone
sandstone

29 {Phnom Bakheng

trick & sandstone

77 {Pr. Trapeang Ropou

30|Bay Kaek 499

brick & sandstone

78|Pr. Trapaang Sen

brick & sandstone

31]Pr. Bei laterite & sandstone 791Prei Khmeng
32|Pr. Kuk Chak laterite & sandstone 80|Pr. Prei Prasat brick & sandstone
a3 Pr. Patri brick & sandstone 81 Vat Khnat brick laterite &
sandstone
34 |Pr. Kantal Preah Chantol brick & sandstone Monument close to the Siem Reap river 3
35iPr. Taset brick & sandstone 82 |Phnom Krom brick & sandstone
Ta Prohm Kel sandstone Peah Enn Kosei brick laterite &
36 83
sandsfone

Monument to the East of Angkor Thom 23

84 [Vat Atvear

laterite & sandstone

37 [Banteay Kdei

laterite & sandstone

Group Rolous 6

Sras Srang laterite & sandstone Bakong brick laterite &
38 85
sandstone
39:Banteay Samré laterite & sandstone 86 |Lolel brick & sandstone
40 |Baray Orjentale brick & sandstone 87 (Prei Monti laterite & sandstone

Bat Chum

brick laterite &

Pr. Trpeang Torteung Thngay

brick & sandstone

41 88
sandstone
42 |Chapelle de I'Hopital Est laterite & sandstone 89{Pr. O Kaek brick & sandstone
43 |Chau Say Tevoda sandstone Group Banteay Srei 1
44 Kuthvara laterite & sandstone 90 Banteay Srei brick, laterite &

sandstone

45 |[Leak Neang

laterite & sandstone

45 Mebon Criental

brick laterite &
sandstone

47 [Pr. Kamnap

laterite

48 |Pr. Kravann

brick & sandstone

11
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2.1.4 The Protected Area designated by APSARA

Angkor Archacological Area is protected by APSARA shown in Figure 2-3, in accordance with the
recommendation of UNESCO.

The definition of four kinds of zone is as follows; (source; APSARA homepage)

Zonel: Monumental Sites

Areas which contain the most significant archaeological site in the country and therefore deserve the
highest level of protection.

Zone 2: Protected Archaeological Reserves
Areas rich in archaeological remains which need to be protected from damaging land use practices and

inappropriate development. They will most frequently surround monumental Sites, providing protection
to adjacent areas of known or likely archaeological importance. Zone 1 and 2 require intensive
management aimed at integrating archaeological and visitor interests with local interests and needs.

Three main Monumental Sites identified in the region are those of Angkor, Relous and Banteay Srei.

" Each lies within a Protected Archaeological Reserve which, in the case of the Angkor site, acts as a buffer
zone. Additional sites could be added at a later date to protect and manage areas such as Beng Mealea,
Koh Ker, or Preah Khan in Kompong Svay.

The three sites, including their Archaeological Reserves zones, cover the areas with the highest density of
archaeclogical remains, including the original sites of the ancient Angkorian capital, with most of the
well-known temples and many ancient hydrological structures such as the barays, canals and dikes. The
Protected Archaeological Reserve around the Angkor site also contains a large local population whose
interests are to be protected.

The Angkor Monument Site and its Archaeological Reserve comprises an area of more than 350 square

kilometers. It contains:

/the original Angkor Park as designated in 1925 and reconfirmed with minor modifications during the
subsequent decades;

/additional areas which together constitute the core of the Angkor Monumental Site;.

/a protection zone to safeguard archacological sites in the surrounding landscape (zone2); and

buffer areas, particularly between Siem reap and Angkor Vat, which are necessary to conserve the
integrity of the Monumental Sites, Preserve the area as a tourist attraction and prevent all development
not essential to the protection of the cultural heritage.

Zone 3: Protected Cultural Landscapes

Areas with distinctive landscape characteristics which should be protected on a account of their
traditional features, land use practices, varied habitats, historic building, or man-made features from the
past or of recent origin that contribute fo the cultural value or reflect traditional lifestyles and patterns of
land use. Cultural Landscapes may also serve to safeguard visual perspectives and relationships between
significant features which contribute to their historic or aesthetic value. Protected Cultural Landscapes are
subject to regulations aimed at controlling damaging and disruptive activities.

The ancient canalized river valleys of the Stung Siemreap and Stung Roluos from where they flow off the

12
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Phnom Kulen to their mouths at the Tonle Sap have been designated Protected Cultural Landscapes. The
ancient causeways running from the Angkor site northwest to Banteay Srei are Cultural Landscapes
extending the protected areas of the Angkorian heritage and further into the surrounding environment.
These areas may be expanded and other areas zoned for protection at a later date.

Zone 4: Sites of Archaeological, Anthropological or Historic Interest

Including all other important archaeological sites, but of less significance than Monumental Sites, that
require protection for research, education or tourist interest. The sites and areas are subject to regulations
aimed at controlling damaging activities similar to those applying to Protected Archaeological Reserves.
A number of the more important below and above-ground archaeological sites identified within the Siem
Reap region, such as Phnom Krom, Wat Athvea and Chau Srei Vibol are indicative of the areas included
in Zone 4. Other sites may be included in the future.

Zone 5: The Socio-economic and Cultural Development Zone of the Siem Reap region, comprising
the whole of Siem Reap Province, is the largest zone to which protective policies apply.

This comprehensive zone covers an area of 10,000 square kilometers including the Phnom Kulen, the
shores of the Tonle Sap and the Angkor plain. It conforms largely to the catchment area of greater
metropolitan Angkor during the ancient period and is rich in remains of both prehistoric and historic
civilization. The region also contains important natural areas which are to be protected and others to be
protected and others to be developed in a sustainable manner.

The region is to managed as a multiple-use area with an emphasis on economic and social development of
cultural tourism. Development activities which could potentially damage the archaeological, the natural,
or the social heritage harbored in the province are regulated by comprehensive coordination policies.
Archaeological and environmental impact assessments are to be carried out in advance of any project
proposed in the region. The intention is not to hold back development but to ensure that it be

appropriately located and directed, at all times taking into consideration the requirements of heritage

conservation.
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(Source; APSARA Website}

2.1.5 Tonle Sap Biosphere Reserve Area by UNESCO

Tonle Sap Biosphere Reserve is divided into core areas, a buffer zone and a flexible transition zone.
Within the study area there are transition area and buffer zone as shown in Figure 2-4. There is no core
zone which is defined likewise national park or wildlife sanctuary.

The transition area is limited between the outer boundary of the buffer zone and National Road N5 and
NG6. It is the integrated economic zone, which is managed for sustainable agriculture, human seftlement
and land use, without having adverse effects on the flooded forest, water quality and soils of the region

around the Tonle Sap Lake.
The buffer zone covers the area of 541,482ha. lts boundary corresponds to the outer boundary of the

Tonle Sap Multiple Use Area.

The buffer zone surrounding such core areas which is covered by flooded forest of a variety of species.
Activities are managed to be consistent to the protection and conservation plan of the core areas, Fishery
activities and other development plans will be managed based on existing law and regulations in a
co-ordinated and cooperative manner. The buffer zone is also subject to experimental research and
discovery of method for the management of flooded forest, fishery, agriculture, housing settlement, land
use, water resources, navigation and tourism to ensure their sustainability, increased production, while

preserving the environmental quality and fish.
The facility for the project like water treatment facility should not be comstructed in the buffer zone

area.(Refer to “Multiple Use Area” in Figure 2-1)
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Figure 2-4 Tonle Sap Biosphere Reserve

(Source: Website)

2.1.6 Provincial Conservation Area protected by Community

The Boeng Peareang Lake had been protected by the community. In 2006 the biodiversity of the area was
studies by experts involving Department of Environment in Province (DOE). There are big trees in
inundated forest and many kind of birds build their nest on the trees. DOE prepared a document to submit
to MOE and got approval of Natural Conservation Area including the Boeng Peareang lake with
signatures of Minister of Environment and Provincial Governor in 2008. Total area is 3,098ha as shown in

Figure 2-5. Although pipelines of water supply expansion project can be set in the Conservation Area,

passing of pipelines through the lake itself should be avoided.

The Polav Lake had been protected by Kondeck Community Fisheries. In 2008 the lake of 4ha was
decided as Fish Conservation Area (Sanctuary) signed by Minister of Agriculture, Forest and Fisheries as
shown in Figure 2-5. Setting pipelines through the Polav Lake should be also avoided.
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Figure 2-5 Provincial Conservation Area

{Source: Siem Reap Provincial Department of Environment and Kondeck Community Fisheries)

2.2 Land Acquisition and involuntary Resettlement

Although the system of land acquisition seems to be generally complicated and difficult in Cambodia,
buying and selling of land is easy according to the opinion of Department of Agriculture and Department
of Land Management in Siem Reap Province. Change of land wse from agricultural land to another kind
of land is not strictly limited and implemented based on a contract agreement between a seller and a buyer.
Local governmental organization has no power to control private dealing. It is said that a coordination
committee, consisting of the representative from relevant organization, would be set up by Provincial
Governor if some conflict rises up between them, and that forced transfer of local people is difficult even

for development of infrastructure in case they are living legally on their own land.

3 Description of Environmental Resources

31 Physical Resources

Source: Chapter V. Urban Infrastructure and Environmental Management, Siem Reap: Urban

Development in the Shadow of Angkor
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3.1.1 Air

Data on carbon dioxide (CO,) emissions exists for the East Asia Pacific region as a whole and for other
low-income countries as a category but specific data for Cambodia seems to be unavailable (c.f. World
Bank 2006). The concentration of nitrogen dioxide (NO,), sulfur dioxide (SO,) and carbon monoxide
(CO) in Siem Reap meet Cambodia’s air quality standards (in JICA 2006c). Emission is presumed to
come from power generators and vehicle traffic given the absence of large-scale industry in the country.
And while there is no data on particulate matters (PM) or total suspended particulates (TSP), the district is
dusty. Traffic lifts dust off the roads, including ones that are unpaved or under construction. Also because
Siem Reap is part of the alluvial plains, sandstone deposits from the escarpment make the surface ground
sandy.

However, during rainy season, TSP in the air is washed down by daily heavy rain.

3.1.2 Water

a. Siem Reap River

Domestic sewage, commercial waste, agricultural ron-off, and untreated solid waste pollute surface and
groundwater in the country. Increasing concentrations of coliform bacteria, a presence in water that
indicates fecal contamination, represent a serious health risk, especially during April and July.
Sedimentation from land clearing, from both commercial and subsistence farming, also contribute to
overall decrease in water quality (World Bank 2003). While recent survey samples of groundwater have
shown no heavy metal contamination of groundwater in Siem Reap District, iron and manganese content
is higher than permitted by the World Health Organization (JICA 2005 survey, JICA 2006). The cause is
likely corrosion of iron pipes and pumps. This high iron content, while without direct health effects, does
affect taste and color, and is associated with higher cleaning and repair costs. The same survey shows
high levels of pH (acidity), nitrate, and fluoride which make water unsafe to drink without treatment,
while shallow aquifers are often contaminated with microbes (JICA 2005). Siem Reap River and Tonle
Sap are contaminated with effluents as both are the final discharge points for the drainage system (Figure
3-1). The volume loads of these water bodies dilute pollutants that become less harmful to human and
animal life. Water quality of water bodies also vary by season and by flood level. However, high volumes
of feces, urine and gray water are released daily in inland and ground water bodies in the country. There
are regional differences in BOD. Siem Reap River contains chemical and biological poilutants due to

domestic waste discharged into it, but water can be flushed out with upstream water during the rainy

sCasom.
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Figure 3-1 Water Quality of Siem Reap River

(Source: The Study on Integrated Master Plan
For Sustainable Development of Siem Reap / Angkor Town)

b. Tonle Sap Lake

Two study teams, Capacity Building for Water Supply System in Cambodia (JICA) and Key Consultant
Cambodia (KCC) conducted recently water sampling and analysis in Tonle Sap Lake. The sampling
points are located on the area about 2.5km east to Chong Khneas in Kbal Chhroy Mleang. The former
sampled water weekly from March to June for physical and chemical analysis of 9 parameters, such as
fron, Manganese, Ammonia, Sulfate, Turbidity, Alkalinity, Color, pIl and Conductivity. Sampling was
carried out at two points near the bank and few hundred meters apart from the shore line at the same time.
Although the difference between two points is not significant, three items of iron, turbidity and color
exceed Drinking Water Quality Standard of MIME (Table 3-1 & Table 3-2).

The laiter team carried water analysis on 29 June, 2009 for 32 parameters including physical, chemical,
organic and micro-organic one like Odor, Taste, Transparency, Total Suspended Solid, Total Dissolved
Solid, Turbidity, Color, pH, Alkalinity, Nitrite, Nitrate, Ammonia, Chloride, Total Nitrogen, Total
Phosphate, Hardness, Fluoride, Iron, Manganese, Copper, Zinc, Lead, Cadmium, Arsenic, Mercury,
Cyanide, Dissolve Oxygen, Phenol, Chlorophyll a, Hyxavalent Chromium, Total Coliform and E Coli.
Three parameters of iron, turbidity and color show high value (Table 3-3). In comparison with the Thai,
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Surface Water Quality Standard, water quality of Tonle Sap Lake is a match for Class 2. Therefore, the

lake water can be used for water supply system expansion after ordinary water treatment process.

Table 3-1 Water Quality of Tonle Sap Lake (JICA)

wO

Sample N. 1, Location N=1313574,F = 10352277, Depth = 0.33m
Testing NEG -
Date Fe Mn N S04 Turbidity | Alkalinity Color u Conduc.
mg/l | mgl | oL me/L NTU) (mg/L) (TCU) P {us/em)
03/25/09 3.01 0.10 0.15 <2 240.00 26.30 149.38 7.60 81.00
04/03/09 2.67 .10 0.17 <32 99.60 21.33 154.29 7.66 69.00
04/09/09 3.22 0.20 0.28 4.00 457.00 19.33 240.83 6.81 64.90
04/22/09 3.29 0.40 0.48 8.00 1860.00 22.67 271.15 6.66 88.80
04/20/09 2.09 0.30 0.36 8.00 356.00 69.33 131.80 6.81 172.50
05/05/09 2.94 0.00 0.21 4.00 546.00 44.67 75.36 7.24 139.30
05/18/09 3.40 1.00 0.43 6.00 1618.00 43.33 167.12 7.05 122.30
05/20/09 6.13 0.00 0.33 4.00 618.00 34.66 570.67 7.28 115.70
05/27/09 4.91 0.30 0.41 <2 589.00 34.67 570.67 6.91 117.00
06/02/09 6.87 0.10 0.46 <2 873.00 28.00 108.45 6.85 94.50
06/08/09 7.14 4.20 0.32 <2 570.00 38.67 74.40 747 115.50
06/16/09 6.60 0.90 0.27 <2 393.00 45.33 82.01 7.43 129.50
06/23/09 6.01 0.10 0.26 2.00 386.00 48.67 99.65 7.38 123.20
AVERAGE | 448 0.59 .32 2,77 661397 36.69 20737 7.17 110.25
MIME,
DWQS! 0.3 0.1 1.5 250 5 - 5 6.5-8.5 1600
Thai, _ " % _ . - - *k
SWOS? 1 0.5 5-9 -
Mark* means Class 3, Mark** means Class 2,3 &4
Table 3-2 Water Quality of Tonle Sap Lake (JICA)
Sample N.2, Location N=1313370, E = 10352232, Average Depth =  (.80m
Testing T3 -
Date Fe Mn N S04 Turbidity Alkalinity Color H Conduc.
mgl | mgll | Lo | mel | (NTU) (mg/L) (rcuy | P (nsfom)
03/25/09 3.78 | 0.30 0.28 <2 239.00 28.00 13541 | 7.50 82.00
04/03/09 271 ] 0.00 0.03 <2 154.00 22.00 182.89 | 7.88 75.90
04/09/09 367 0.10 0.28 3.00 309.00 21.66 267.07 | 7.08 65.60
04/22/09 657 040 0.70 6.00 $13.00 25.33 570.67 | 6.71 101.90
04/25/09 547 010 0.25 4.00 439.00 46.66 42648 | 759 138.00
05/05/09 3.52 | 020 0.49 5.00 411.00 46.67 138.44 | 7.53 136.40
05/18/09 133 0.60 0.03 5.00 485.00 42.00 61.03 | 7.34 124.20 |
05/20/09 6.26 | 0.00 0.30 <2 543.00 36.00 570.67 | 7.75 112.50
05/27/09 5581 020 0.29 <2 746.00 28.67 570.67 ] 6.99 110.00
06/02/09 13.20 | 0.50 0.24 <2 548.00 33.33 8537 | 694 107.40
06/08/09 699 1 3.60 0.20 <2 457.00 53.33 94.94 | 7.63 137.70
06/16/09 699 [ 0.0 0.39 <2 571.00 44.67 63.92 | 7.46 120.30
06/23/09 6.01 | 0.50 0.36 <2 496.00 45.33 10562 | 7.81 117.10
AVERAGE | 555 0.54 0.30 1.77 47777 36.43 25201 7.40 109.92
MIME, 6.5-8.
PWOS! 0.3 0.1 1.5 250 5 - 5 s 1600
Thai, - - - - Ok -
SWOs? - 1% 0.5% 5-9

Mark* means Class 3,

Mark** means Class 2,3 &4
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Table 3-3 Water Quality in Tonle Sap (KCC)

Sample No. 1, Average Depth = 1.9m, Location X = 378209, Y = 1462006

- - MIME'- Thai*-
No. Description of Item Unit Result DWOS SWOS
A | Microbiological Test
1 | Total coliform Count/100m] 9.3x10% 0 5000(2), 20000(3)**
2 { E.coli MPN/100mli 56 0 1000(2), 4000(3)
B | Physical and Chemical Test
3| pH 7.7 6.5-8.5 | 5-9: Class34,5
4 | DO mg/l 5.4 - 6{2), 4(3), 24
5 | Total Suspended Solid (TSS) mg/l 498 - -
Slight
6 | Odour - muddy - -
7 | Taste (Threshold taste) - Accept - -
8 | Color Pt-4 100 - -
9 | Turbidity NTU 200 5 -
10 | Transparency Dept (cm) 2.5 - -
11 | Nitrite (NO,) mg/l ND=<{.1 3 -
12 | Nitrate (NO;) mg/] 2.53 30 5.0: Class3
13 | Ammonium-N mg/l 0.05 1.5 0.5: Class3
14 | Chloride mg/l 6.81 250 -
15 { Total nitrogen mg/l 3.5 - -
16 | Total phosphate mg/l 1.04 - -
17 | Iron mg/l 3333 0.3 -
18 | Manganese mg/l 0.056 0.1 1.0: Class3
19 | Hardness mg/l 107 300* -
20 [ Total Dissolve solid (TDS) mg/l 55.5 800 -
21 | Alkalinity mg/l 150 - -
22 | Cyanide mg/1 ND<0.04 0.07 0.003: Class3
23 | Mercury mg/l 0.002 0.001 0.002: Class3
24 | Copper mg/l ND<0.0003 1 0.1: Class3
25 | Zine mg/l 0.006 3 1: Class3
26 | Lead ) Ayu 0.003 0.01 0.05: Class3
27 | Hexavalent chromium Ayp 0.01 - (0.05: C(Class3
28 | Cadmium Myu ND<0.2 - 0.003: Class3
29 | Arsenic Ay 0.001 0,05 0.01: Class3
30 | Fluoride mg/l 0.23 1.5 -
31 | Phenols mg/l ND<0.025 - | 0.005: Class3
Note:

* Hardness is expressed as mg/L of CaCO3

(2y=Class2, (3)=Class3, (4)= Class4
' Ministry of Industry, Mines and Energy, Dririking Water Quality Standard
? Thailand, Surface Water Qualily Standard
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3.2 Ecological Resources

3.2.1 Biodiversity

Sourcel: 5. Biodiversity and Protected Areas, Environmental Action Plan 1998-2002
Source2: Tonle Sap / Great Lake Field ITrip, Mekong River Commission Secretariat, Environment

Training Program (ETP)-Block 1

The Tonle Sap Lake is an important symbol of national identity for Cambodians. From the days of the
Great Angkor Kingdom until today, natural resources from the Tonle Sap have supported large human

settiements.

The Iake has a unique hydrological relationship with the Mekong River, to which it connects via the Tonle
Sap River. During the monsoon season (June-October), the Tonle Sap River regulates flood water from
the Tonle Sap. As the flow of the Mekong River increases, the flow of the Tonle Sap River reverses from
a downstream direction backwards into Tonle Sap. Therefore, during the rainy season, when the lake is
about 250km long and 100km wide, it is the largest freshwater lake in Asia. It shrinks to about 120km in
length and 35km in width during the dry season. The Tonle Sap is surrounded by a floodplain 20-40km
wide; comprised mostly of flat land, this floodplain is inundated at various depth and dominated by
inundated forests and rice fields. The water surface expands from 2,500-3,000km” during the dry season
to 11,000-13,000 km? in the rainy season. Average depth of the Tonle Sap Lake changes from 1-2m to
8-10m. The storage capacity of the lake changes from 1,300mil.m® t072,000 mil.m’.

Because of the economic, social and cultural significance of the Tonle Sap’ rich biodiversity it has been
included in national protected areas system as “Multiple Use Area.”

At least 115 species of plants and about 850 species of fish have been recorded in the Tonle Sap Lake and
the lower Mekong River.

Angkor is within an area that is thought to support regionally and globally significant populations of rare
and endangered species, including 17 mammals (mostly large game), 24 birds (primarily water birds), 2
reptiles and 2 fish species.

In otder to conserve biodiversity of Tonle Sap, three Core Areas are stipulated as an important natural

protected area in Tonle Sap Biosphere Reserve.

3.2.2 Fauna

Source: Tonle Sap / Great Lake Field Trip, Mekong River Commission Secretariat, Environment Training

Frogram (ETP)-Block 1

a, Birds

Flooded forest and its associated rich food chain of Tonle Sap Lake become attractive breeding and

feeding habitats for many water-birds, including rare and endangered species. Two sites of high
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water-bird concentration are Preak Toal and Moat Khla Boeng Chhmar. Preak Toal is of particular interest
for in this area many threatened bird species were identified.

Both of them are protected as Core Area of Biosphere Reserve.

b. Fish
Tonle Sap Lake is well known for its rich diversity of life, of which fish is the most important biological
resources. Fish and fisheries play a significant role in the tradition, culture and economy of Cambodian

people. Nearly 70% of protein intake is from fish, which is crucial to the food security of the large

low-income population.
In Tonle Sap Lake about 200 fish species are identified, belonging to 127 different genus and 47 families,

of which nearly 70 species are of commercial value. The Fishery Department classifics freshwater fishes

into three main groups.
i) The white fish are mainly Cyprinidae, Schibeidae, Siluridae and Notopteridae, most of which are

migratory. These species are associated with large streamriver, but breed in the flooded forest areas

in the flooding season.
i) The black fish are members of the Clariidae, Ophicephalidae, Bagridae and Anabantidae. They can

survive in more adverse and varied environmental conditions (low oxygen levels, some acidity,
some salinity) and can stay in the swamps year round. They migrate to the flooded forest during the

rainy season for breeding and reproduction.
iii) Smaller, fast growing and prolific specics (opportunists), which are able to utilize the flood period
for prolific reproduction and growth. The group consists mainly of ciprinids (Thynnichthys

thynnoides, Dangila siamensis, Cirrhinus julieni).

c. Reptile

Historically, Tonle Sap Lake was home to many reptile species, including crocodiles, turtles and snakes,
whose evidence can be found on the wall of the Temple Bayon and Angkor Wat. Report from fishermen

and local people show the decline in number of reptiles due to catch for consumption and trade.

d. Mammals

Elephants no longer live in the area and there have been no recent sightings of the Irrawady dolphin. Most
of dolphins were died during 1975-78 as reported by local people. No recent survey of mammals has been

conducted, but civets, otters, macaques and monkeys are seen.

3.2.3 Flora

Source: Tonle Sap / Great Lake Field Trip, Mekong River Commission Secretariat, Environment Training
Program (ETP}-Block 1
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Flooded forest is the major vegetation type of the inundated area. Most species are deciduous, leaf fall

taking place under water during the inundation. When the water recede there is a new flush of leaves.

Flowering occurs during a short period in July/August so that fruit and seed set before the next inundation,

Major habitats include aquatic vegetation, inundated forest, tropical evergreen forest and inundated

xerophytic shrubland.
Aquatic vegetation occurs on lake surfaces, lake edges and on some rivers. The main species are Pistia
stratiotes, Salvinia sp, Utricularia sp (water lily). Nymphaea sp, Trapa nasans (water chestnut), Ipomea

reptans, Polygonum barbatum, ludwigia adscendens, Eichhornia crassipes (water hyacinth).

3.2.4 Forest

Source: Tonle Sap / Great Lake Field Trip, Mekong River Commission Secretariat, Environment Training
Program (ETP)-Block 1

A tall, gallery forest (5-15m), dense in place occurs on shores. This habitat is dominated by Barringtonia
actangulata and Diospyros cambodiana. Woody lianas include Combretum trifoliatum, Breynia
rhamnoides and Acacia spiralis. Shrub include Brownlowia paludosa, Cudrani cambodiana, Dalbergia

entadides, ficus heterophylla, Gmelina asfatica, Hymenocardia wallichii and Vitex holoadenon.

3.2.5 Threatened Species

Source: Boeung Tonle Chhmar Core Area, Tonle Sap Biosphere Reserve, Management Plan 2008-2012, &
Stung Sen Core Area, Tonle Sap Biosphere Reserve, Management Plan 2008-2012

Birds:

I'he 'I'SBS is a globally important site for colony-nesting waterbirds (Table 3-4), supporting “the largest
remaining fragment of a bird mcgafauna that was once widespread across much of Southcast Asia”
(Davidson et al, 2001). Currently known nesting sites are located primarily in and immediately adjacent
to the Prek Toal Core Area.

Fish;
At minimum 143 fish species have been recorded in the Tonle Sap Lake, the Tonle sap River and the

surrounding floodplain (Davidson 2006). Sixteen of these are known to be of international conservation

concern (Table 3-5).

Reptile;
The Tnle Sap is possibly the single most important wetland for reptile conservation in Southeast Asia

(Goes 2005), supporting sigﬁiﬁcant populations of several threatened species (Table 3-6). Relatively little
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survey work has been conducted, and many species are now difficult to observe in the field due to low

population densities (Davidson 2006).

Mammals;
The mammalian fauna of the TSBR is not particularly diverse, but includes several species that are listed

as globally threatened, and that may remain in internationally significant numbers (Davidson 2006).
Globally threatened mammals occurring in the TSBR are slow Loris (either northern slow Joris
Nycticebus bengalensis or pygmy slow loris N. pygmaeus, both listed as Vulnerable), long-tailed macaque
Macaca fascicularsis (Near-threatened), German' s silver leaf monkey Trachypithecus villosus germaini
(Data Deficient), hairy-nosed otter Lutra sumatrana (Data Deficient), smooth otter Lutrogale
perspicillata (Vulnerable), and fishing cat Prionaihurus viverrirus (Vulnerable).

All large wild herbivores (Eld’ s deer Cervus eldi, hog deer Axis porcinus, wild water buffalo Bubalus

bubalis, Asian elephant Elephas maximus) and Irrawaddy dolphin Orcaella brevirostris have been

extirpated from the TSBR.

Amphibians;

Very little information on amphibians is available for the TSBR, and none specifically for Stung Sen Core Area,
although it is noteworthy that at least two species (non frog and one toad) occur in the adjacent deepwater rice
agro-ecosystems of Kampong Thom province (Davidson 2006). The amphibian fauna is expected to show

close affinities with that in adjacent lowlands, which includes at least 18 species (Davidson 2006, citing B.

Stuart in Jitt, 2005).
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Table 3-4 Water-bird Species of Conservation Concern Qcourring in the Tonle Sap Biosphere Reserve

®

Species International Status Significance
Greater Adjutant IUCN Endangered TSBR suppert the second largest colony in the
Leptoptilos dubius world (>10% of global
Population). Additional survey are
Required to document possible breeding
colonies in Stung Sen
Lesser Adjutant { IUCN vulnerable TSEBR support the largest colony in Southeast
Leptoptilos Asia (4% of global population). Occurs at
Javanicus Stung Sen, but additional surveys are required
to document possible breeding colonies
Spot-billed Pelican | IUCN vulnerable TSBR support the largest colony in the
Pelecanus Philippensis world(20% of global population). Occurs at
Stung Sen
Milky  Stork Mycteria | TUCN vulnerable TSBR support the only colony in mainland
Leucura and Southeast Asia
Masked Finfoot Heliopais | IUCN vulnerable TSBR Population likely of global significance
Personata
Oriental Darter Anhinga | [UCN Near-threatened TSBR supports the largest colony in Southeast
melanogaster Asia (>10% of global population). An
important breeding colony occurs in the Stung
Sen area
Black-headed Ibis IUCN Near-threatened TSBR supports the largest colony in Southeast
Threskiornis Asia (4-8% of Global population)
melanocephalus
Painted Stork TUCN Near-threatened TSBR supports the largest colony in Southeast
Mycteria leucocephala Asia (20% of global population)
Black-necked Stork IUCN Near-threatened Breeds in Prek Toal
Ephippiorhynchus
asiatucus
Grey-headed Stork | IUCN Near-threatened TSBR  population likely of global
Fish-Eagle significance. Stung Sen area supports a
Ichthyophaga ichthyaetus significant breeding concentration
Little Cormorant | JUCN least concern (but [ TSBR population>1% of Asian biogeographic
Phalacrocorax niger TSBR  population  is | population. Occurs in Stung Sen

internationally significant)

Indian Cormorant
Phalacrocorax fuscicollis

IUCN least Concern (but
TSBR  population s
internationally significant)

TSBR population>1% of Asian biogeographic
population

Great Egret
Casmerodius albus

TUCN least Concern (but
TSBR  population  is
internationally significant)

TSBR population>1% of Asian biogeographic
population, Occurs in Stung Sen

Asian Open-bill
Anastomus Oscitans

JUCN least (but TSBR
population is
internationally significant)

TSBR population>1% of Asian biogeographic
population

Wooly-necked Stork
Ctconia episcopus

TUCN lest concerm (but
TSBR  Population s
regionally significant)

Threatened a breeding species in adjacent
couniries

Glossy Ibis
Plegadis facleinellus

TIUCN least Concern (but
TSBR  population is
regionally significant)

Threatened as a breeding species in
Adjacent countries

Purple Heron IUCN least Concern (but | Threatened as a breeding species in adjacent
Ardea purpurea TSBR  population  is | countries. Occurs in Stung Sen

regionally significant)
Great Cormorant IUCN least Concern (but | Threatened a breeding species in adjacent

Phalacrocorax carbo

TSBR  population s
regionally significant)

countries

(Source: Boeung Tonle Chhmar Core Area, Tonle Sap Biosphere Reserve, Management Plan 2008-2012)
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Table 3-5 Fish Species of Conservation Concern Occurring in the Tonle Sap Biosphere Reserve

Significance

Pangasius sanitwongsei

Species International Statug
Mekong Giant Catfish TIUCN Critically | Tonle Sap lake and Tonle Sap river
Pangasian odon gigas Endangered, CITES {a migratory corridor for mature fish) are important
Appendix I habitat areas
Leaping Barb TUCN critically Not record from Tonle Sap lake, possibly occurs
Cheia caeruleostigmata Endangered
Jullien’ s Golden Carp IUCN Endangered; Recorded from Tonle Sap lake
Probarbus Jullient CITES Appendix 2
Laotian Shad Tenualgsa TUCN Endangered Populations have recently drastically declined due
Thibaudeaui to factors outside of the Tonle Sap
Tricolor Sharkminnow TUCN Endangered Depicted on FIA' S Endangered Fishes of
Balantiochdilos melanopterus Cambodia
Asian Bonytongue/ Asian TUCN Endangered; Occurrence in TSBR nor Confirmed
Arowana Seleropages formosus CITES Appendix I
Thicklip Barb TUCN Data Deficient Record in Tonle Sap, but little know
Probarbus labeamajor
Giant Pangasius {UCN Data Deficient Becoming increasingly rare throughout its range

Giant Barb
Carlocarpio siammensis

Not listed, but requires
urgent evaluation and
Immediate conservation
Attention

Numbers have declined drastically

Puntioplites bulu Not listed Formerly common, but has recently become very
rare. Depicted on FIA® s
Endangered Fishes of Cambodia.
Occurrence in TSBR requires confirmation
Sabretoothed Thryssa Not listed Depicted on FIA' s Endangered Fishes of
Lycothrissa crocodilus Cambodia
Four-barred Tigerfish Not listed Qccurrence in TSBR not confirmed.
Datntioides quadrifasciatus Depicted on FIA' s Endangered Fishes of
Cambodia
Wallago icerd Not listed Occurrence in TSBR not confirmed.
Depicted on FIA® s Endangered Fishes of
Cambodia
Albulichthys aibuloides Not listed Depicted on FIA' s Endangered Fishes of
Cambodia
Elephant-ear Gourami Not listed Occurrence in TSBR not corfirmed. Depicted on
Oxonedus exodon FIA® s Endangered Fishes of Cambodia
Botia genus Not listed Several species recorded in first half of 207

Century, but no recent records

{ Source: Boeung Tonle Chhmar Core Area, Tonle Sap Biosphere Reserve, Management Plan 2008-2012)

Table 3-6 Reptile Species of Conservation Occurring in the Tonle Sap Biosphere Reserve.

Species International Status Significance
Siamese Crocodile IUCN Critically | Small numbers persist, Occurs in Stung Sen
Crocodylus Siamensis Endangered
River Terrapin Batagur JUCN Critically | Probably extinct in TSBR
Baska Endangered
Asian Giant Softshell Turtle IUCN Endangered Reported from the Tonle Sap, but no confirmed
Pelochelys cantorii specimens or photographs
Yellow-headed Temple Turtle IUCN Endangered TSBR population may be the most important in
Hieremys annandalii Cambodia. QOccurs in Stung Sen
Burmese Python Python molurus IUCN Near Threatened Occurs in TSBR
Asian Box Turtle IUCN Vaulnerable Now uncommeon in TSBR. Occurs in Stung Sen
Cuora amboinensis
Black Marsh Turtle IUCN Vulnerable Rare, but TSBR population may be the most
Siebenrockiella crassicollis important in region
(Giant Asian Pond Turtle JUCN Vulnerable Considered to be scarce
Heosemys grandis
Malayan Snail-eating Turtle IUCN Vulnerable Reportedly the most numerous turtle around the
Malayemys subtrijuga Tonle Sap, but declining across its range. Occurs in

Stung Sen

Asiantic Softshel! Turtle IUCN Vuinerable Common to rare around the Tonle Sap, populations
Amyda cartilaginea have recently declined. Occurs in Stung Sen

(Source: Boeung Tonle Chhmar Core Area, Tonle Sap Biospher Reserve, Management Plan 2008-2012)
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33 Socio-economical Resources

3.3.1 Populaticn

The information of population by village obtained during stakeholder hearing is as shown in Table 3-7.
Populations of Svay Dangkum and Kouk Chak are 29,173 and 27,444 respectively. However, they are
different from the result of census data 34,878 and 19,214 (2009). Since each total 56,617 and 54,092 of

two communes is almost same respectively, the way of combination of villages may be different.

3.3.2 Infrastructure

Source: Chapter V. Urban Infrastructure and Environmental Management, Siem Reap: Urban

Development in the Shadow of Angkor

Over $800 million has been invested in rehabilitating the country’s roadways since the mid-1990s since
the royal government identified rehabilitation as a stimulus to sustainable economic recovery. The road
network is the principal mode through which people and goods move and covers approximately

39,000km throughout the country. There are seven national roads that make up the primary highways or
4,800km (NR 1 to 7) of roadways. Of this, 2,700km have been rchabilitated. Primary highways split off
into secondary highways, also considered provincial roads of which 2% are paved.

The conditions on lesser roads can be quite poor with some areas in effect isolated during the rainy season.
Many unpaved roads in the peri-urban area of Siem Reap are made of laterite, a reddish clay-like material
that is hard when dry and slippery when wet, or macadam, broken stone used in compact layers for road

surfacing. Poor road conditions are related to drainage problems that afflict the city.

When the study team visited every Commune Center to conduct public hearing from the representative of
Commune, it was found that community roads had not been developed enough to transport goods easily
by motorcycle and car, and sometimes a usual passenger car could not pass the road after heavy rain.
Sotne representatives of Commune say they have been requesting budget for road improvement to
Provincial Governor. Some Communes have been waiting for supply of electricity and also tab water and

others have a hard time of solid waste management.
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3.3.3 Land use

Source: 3.Fisheries and Floodplain Agriculture in the Tonle Sap Region, National Environmental Action

Plan 1998-2002

The soils in the floodplain of the Tonle Sap arc generally poor in fertility. The three major soil types
found in this area are a) young lacustrine alluvial soils, b) alluvial soils, ¢) acid sulphate soils. The young
lacustrine soils were formed from colluvial and alluvial outwash from acidic and basic rocks from the

upland areas bordering the Tonle Sap lake, and from silt and clay deposits carried by the floods of the

Mekong river.

Current land spread from southern part of Siem Reap City to Tonle Sap Lake is occupied with wet season
rice' field for the most part, and partly with flooded rise® field and abandoned field covered by grass as
shown in Figure 3-2. According to the information from Provincial Department of Agriculture,
productivity of the land is 3~3.5 ton/ha and it is fertile compared with poor land of 1.5~2.0 ton/ha,

despite the information mentioned above.

There is inundated forest along the Tonle Sap Lake shore and a majority of this forest has been logged

over at least once.

! Wet season rice: the rice is grown in the water during May and October/November
? Flooded rice: the seeds are scattered on dry land and flooded during March/April and January/February.
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Figure 3-2 Land Use Map

(Source: Provincial Department of Agriculture)

3.3.4 Public Health and Welfare

In majority of Communes in study area drinking water is provided from well and water quality is not

good enough to drink directly. They use water from well after boiling.
No information of public health and welfare could be obtained from Commune representative except

Chong Kneas where floating village is located. Most of all people in floating village drink water from
Tonle Sap Lake after boiling., There is concern of water-borne diseases and chief of the Commune

requests improvement of Community Health Center.

Source: Chapter V. Urban Infrastructure and Environmental Management, Siem Reap: Urban

Development in the Shadow of Angkor
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Traffic accidents are the second biggest public health concern after HIV/AIDS according to the secretary
of state of MPWT (Phnom Penh Post 28 August 2008). Road improvements and motorization have led to

a greater number of accidents and causalities. Most accidents in Siem Reap involve motorbikes, which

are also the most popular form of transport.

3.3.5 Condition of Economy

There are many Communes which have a higher proportion of farmers in the study area. They are also

affected by worldwide economic depression, and construction workers in some Communes have lost their
job because of hanging up of new building construction.

The rate of the population under the poverty line is as shown in Table 3-8. (Source: Task 1.5 Perspectives
of the Poor on Tourism, Tourism Sector Assessment, 6™ March 2009, Empowerment of the Poor in Siem
Reap-Scoping and diagnostic work)

The highest rate is 89% of Commune Ampil in Siem Reap District, and second one is 74% of Commune

Kanndeak in Prasat Bakong District.
Table 3-8 Rate of the Population under the Poverty Line

No | Name of Commune Rate of peop IF under
poverty line
1 }SiaKram 48
2 |Svay Dangkum 53
3 |Kouk Chak 57
4 |Sala Kumraeuk 46
5 |Norkor Thom 70
6 (Chreav 35
7 |Chong Khneas 64
8 [Sambour 22
9 {Siem Reap 45
10 [Srangae 51
11 Teuk Vil 43
12 |Krabei Real 65
i3 [Ampil 89
14 |Kanndeak 74

(Source: Empowerment of the Poor in Siem Reap-Scoping and diagnostic work)

4 Public Participation

4.1 Public Hearing from Local People

According to advice from MCE, the study team conducted public hearing from representative of
community level, like Chief, Deputy Chief and/or Secretary of 14 Communes. After explanation of the
study, interview was carried out. The main questions are as follows:

(7"} Population

(-1 ) How to get drinking water at present

31



Initial Environmental Impact Assessment

on The Siem Reap Water Supply Expansion Project
in The Kingdom of Cambodia

(™) Quality of drinking water

(=) Opinion of water supply system expansion
(&) Willingness to pay

(*¥7) Environmental issue

(¥%) Opinion on water source

The result of hearing is summarized in Table 4-2.
There are some Communes without electricity, and some chiefs say it would be so hard for local people to

pay water charge although they have been waiting for safe and clean drinking water provided by a new

system.
In addition to this, Stakeholder Hearing from the representative of three Community Fisheries was carried

out in the study area. They have been managing their Community Fisheries in accordance to Community

Fishing Area Management Plan.
They hope the project facility would not be an obstacle against navigation of fishing boat and not give a

significant impact on fishing area.

Table 4-1 Community Fisheries in the study area

o g Member
NO Name of Community Fisheries Family Total
1. Krabeirjel 367 1,385
2. Chong Khneas 706 1,116
3. Kondek 1,083 1,550

4.2 Public Hearing from Other Stakeholders like Provincial and Central Government

The public hearing from other stakeholders than local people was conducted. Each opinion was collected after
study team member explained the outline of the project and showed three kinds of alternatives of water source,

a) surface water from Tonle Sap Lake, b) surface water from the canal of West Baray, and ¢) groundwater from

the area near Tonle Sap Lake.

The result is as shown in Table 4-3 & Table 4-4.
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Initial Environmental Impact Assessment
on The Siem Reap Water Supply Expansion Project
in The Kingdom of Cambodia

4.3 Stakeholder Meeting

The stakeholder meeting was organized by the project owner, SRWSA, at Pacific Hotel Siem Reap on 21*
October 2009. The report on the meeting is as follows.

. Date & Time: 8:30-12:40  21% QOctober 2009
Place for Meeting: Pacific Hotel Siem Reap
Method of Public Information: Invitation Letter, E-mail & Mobile phone
. Manner of Presentation: Power point, Microphone, Distribution of Handout
. Number of participant: 44 persons (Governor’s Office, Dpt. of Agriculture, Forestry,
Fisheries, Land Management, Public Works and Transportation, Water Resources and
Meteorology, Environment, AFD, ADB, GTZ, APSARA, Communes, others)
. Facilitator: Mr. Kong SOKVAN, Director of Production & Commercial
. Interpreter: Mr, Cheav CHANNY, Deputy General Director, SRWSA / Ms. Reath Kanha, Assistant
of JICA Stady Team
O . Program of the Meeting

NO Time Theme Presenter
8:30- 9:00 Registration Staff of SRWSA
Mr. Som KUNTHEA
9:00- 9:10 Opening Address (eneral Director,
SRWSA
Mr.  Yoshihiko SATO
9:10- 9:40 Qutline of Project Leader, JICA  Study
Team
0:40-10:20 Proces.s of Water Source | Mr. Hiroshi OKADA
) ’ Selection JICA Study Team
10:20-10:30 | Coffee Break Stall of SRWSA

Initial Environmental Impact | Mr. Shinya KAWADA
10:30-11:10 | Assessment & Scoping for | JICA Study Team

EIA
Mr. Cheav CHANNY
11:10-11:30 | Question and Answer Deputy General Director,
SRWSA
Mr. Bun THARITH
11:30-11:40 | Closing Address Vice Governor of Siem

Reap Province

11:50-12:40 | Lunch Time

. Minutes of Meeting

Question or Answer

I.  Cost of construction for tap water

Question: How much cost should be burdened by each house for connecting
newly to water pipe?

Answer: 520,000 riels (approximately 130 US$)

2. Disposal of Sludge

Question: Where do you thaw the sludge discharged from water treatment
facility?

Answer: At present water treatment facility the sludge is dried up in the pit and
then stored in the premises.
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. Appendix
i) Participant List
ii) Material used for presentation

1ii) Photographs

5 Initial Environmental Impact Analysis

5.1 Methodology

According to an advice from Department of EIA in MOE, Initial Environmental Impact Assessment was
conducted based on JICA’s Guidelines for Environmental and Social Considerations. In reference to
current environmental situation obtained from existing reports, impact due to implementation of the
project was assessed and evaluated. Since the project owner, Siem Reap Water Supply Authority, has been
operating a water supply system, similar environmental impacts given by the existing facility, like air

pollution of chlorine, water pollution of wastewater and noise emitted from facility, were studied.

5.2 Environmental Impact and Mitigation Measures

According to JICA’s Environmental Checklist, Initial Environmental Impact Assessment (or Initial
Environmental Examination) was conducted to select environmental items to be assessed and to prepare

Terms of Reference for EIA.
The result including mitigation measures to be considered at IEIA level is as shown in Table 5-3.

a. Land use and utilization of local resources

The land use is changed from the land for agriculture and inundated forest into project site. Alteration of
agricultural land, inundated forest area and fishery domain for Community Fisheries should be minimized

for the project site.

b. Cultural heritage

West Baray is a cultural heritage and the surrounding area is located in Zone 1 of APSARA Protected
Area. Project owner shall obey the advice from APSARA not to give significant impact on the cultural
heritage. There may be some impact on cultural heritage if huge amount of groundwater is pumped up.

c. Water Usage or Water Rights and Rights of Common

Tonle Sap: New pipelines or a new canal should be set not to be an obstacle against navigation of
fishing boats and not give significant impact on fishing area.

West Baray: Water from the canal of West Baray should be utilized not to give significant impact on
irrigation during dry season. Monitoring plan should be formulated for water management.

d. Hazards (Risk) / Infectious Diseases such as HIV/AIDS
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Workers come from outside during construction and may pose risk of spreading infectious diseases.
Project owner and/or contractor should make a health management plan and conduct workers® healthcare

every day during construction.

e, Groundwater

Appropriate water volume to be pumped up should be analyzed not to give significant impact on the wells
in the surrounding area.

f. Flora, Fauna and Biodiversity

Flora, fauna and biodiversity may be partly lost. Measures should be considered to mitigate impact on
aquatic life around the intake. Inundated forest area to be lost should be minimized. Field survey for flora
and fauna should be conducted along the site for pipelines or a new canal for EIA.

g Landscape

New facilities appear after completion of the project and may give some impacts to the existing landscape.
The appearance should be harmonized with the surrounding area. Tonle Sap Lake is one of resources of
tourism owing to beautiful inundated forest. The design to disturb landscape from offshore should be
avoided. Since the area around West Baray and part of existing canal is located in Landscape Protected

Area of MOE, impact on the landscape should be minimized.

h. Air Pollution

There is usually no significant impact on the air except a critical incident.Chlorine from chlorine storage
facilities and chlorine injection facilities will not be a cause of air pollution because the project owner,

SRWSA has same kind of experience at current water treatment facility.
Detecting instrument of chlorine will be set around injection facility. Chlorine leaked accidentally in the

operation room will be ventilated by plenum system.
Although there is no standard of chlorine in the air except chloride CL (20mg/m3) and HCL (200mg/m3)

in Cambodia, monitoring plan and emergency plan should be developed to prevent air pollution due to

chlorine,
i. Water Pollution

There is usually no significant impact on river water except a critical incident because pollutants, such as
SS, BOD, COD contained in effluents discharged from water treatment facility can comply with the
effluent standards in Cambodia. Monitoring plan and emergency plan should be developed to prevent

water pollution due to unusual discharge of wastewater.

Table 5-1 Standard of Wastewater
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Allowable limits for pollutant substance
NO Para Unit discharging to
meters Protected public | public water area
water area and sewer
1 sS | mg! <50 <80
2 BOD | mgl <30 <80
3 COD | mg/l <50 <100

i- Waste

There is little impact if the sludge is regularly taken away to the final disposal site of solid waste and
disposed of properly. At the present, project owner, SRWSA, takes away the sludge from lagoen to the
storage pit and dispose of it on a premise. Since sludge will increase according to water volume o be
supplied, it will be difficult to dispose on a premise and it should be transported to a proper disposal site.
Although there is no standard of sludges generated by the water purification facility except the standard
of "sludge waste from factory wastewater treatment and product manufacturing processes”, monitoring
plan should be developed.
k. Noise & Vibration

There is usually little impact on the surrounding area due to noise and vibration emitted from water
treatment facility because they are small. Power generator used at the time of blackout should be stored in

the closed room to prevent strong noise from getting out directly.

Table 5-2 Standard of Noise

Unit; dB(A)
Period of time
NO Area 18:00-
6:00-18:00 22:00 22:00-6:00
Quiet area
Hospitals
1 | Libraries 45 40 35
School
Kindergarden
Residential area
g [Hotels 60 50 45
Administration Offices
House
3 C?mmer01al and service area and 70 65 50
mix
4 Small !ndu.stri?l fact_ones. 75 70 55
intermingling in residential areas

L Ground Subsidence

Ground subsidence may occur due to excessive use of groundwater. The location of wells and water
volume to be pumped up for this project should be decided after scientific analysis not to give significant
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impact on the surrounding area and archaeological sites.

m, Accidents

There may be accidents during construction. The contractor should prepare Safety Management Plan
including Safety Education Plan for labors.

Medical care system should be set up also.
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Table 5-3 Environmental [mpact and Mitigation Measures

No

Impacts

Tonle
Sap

West
Baray

Ground
water

Description

Land use and
utilization of local
resources

Change of land use from the land for agriculture
and inundated forest into project site

Alteration of agricultural land, inundated forest
area and fishery domain for Community
Fisheries should be minimized for the project
site.

Cultural heritage

Tonle Sap; Little impact should be given on the
cultural heritage.

West Baray; West Baray is a cultural heritage.
Groundwater; Possibility of some impact if
huge amount of water is pumped up.

Water Usage or
Water Rights and
Rights of Commen

Tonle Sap; New pipelines or canal should be set
not to disturb navigation and fishing.

West Baray; Water from West Baray should be
utilized not to give significant adverse impact to
irrigation during dry season. Monitoring plan
should be formulated for water management.

Hazards (Risk)
Infectious diseases
such as HIV/AIDS

Workers come from outside during construction.
Project owner and/or contractor should make a
health management plan and conduct workers®
healthcare every day during construction.

Groundwater

Appropriate water volume to be pumped up
should be analyzed not to give significant
impact on the wells in the surrounding area.

Flora, Fauna and
Biodiversity

Flora, fauna and biodiversity may be partly lost.
Field survey should be conducted for EJA.
Inundated area to be altered for the project
should be minimized.

Landscape

New facilities appear after completion of the
project and may give some impact to the
existing landscape.

The appearance should be harmonized with the
surrounding area.

Air Pollution

There is usually no significant impact on the air
except a critical incident.

Monitoring plan and emergency plan should be
developed to prevent air pollution due to
chlorine.

Water Pollution

There is usually no significant impact on river
water except a critical incident because
wastewater is discharged from the water
treatment facility not exceeding the standard of
Cambodia.

Monitoring plan and emergency plan should be
developed to prevent water pollution due to
unusual discharge of wastewater.
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Impacts

Tonle
Sap

West | Ground

Baray | waterp Description

10.

Waste

There is little impact if the sludge is regularly
B B taken away to the final disposal site of solid
waste and disposed of properly.

11.

Noise and
Vibration

There is usually little impact on the surrounding
area due to noise and vibration emifted from
B B water treatment facility because they are small.

Power generator used at the time of blackout
should be stored in the room to prevent strong
noise from getting out directly.

12,

Ground
Subsidence

The location of wells and water volume to be
C B pumped up should be decided not to give

significant impact on the surrounding area and
archaeological sites.

13.

Accidents

There may be accidents during construction.
The contractor should prepare Safety
B B Management Plan including Safety Education
Plan for labors.

Medical care system should be set up also.
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6 Conclusion and Recommendation

6.1 Environmental Management Plan

a, Impacts during Construction

Adequate measures shall be considered to reduce impacts during constructionéike noise, vibrations,
turbid water, dust, exhaust gases and wastes, and also on natural environment (ecosystem) and social
environment. Health and safety education (e.g., traffic safety, public health) shall be provided for
project personnel, including workers.

If the measures are not adequate, grading of impact would be A, significant impact.

Detailed mitigation plan shall be prepared in Feasibility Study.

b. Monitoring

SRWSA shall develop and implement monitoring program for the environmental items that are
considered to have potential impacts, including the items, methods and frequencies, and also establish
an adequate monitoring framework (organization, personnel, equipment, and adequate budget to
sustain the monitoring framework), although any regulatory requirements are not pertaining to the
monitoring report system identified, such as the format and frequency of reports from the project

owner to the regulatory authorities.
Regular monitoring of adverse impact during construction and operation is important as much as

assessment of impact in order to keep potential impact under the criteria used for EIA.

6.2 Terms of Reference for EIA (Draft)

Environmental Impact Assessment (EIA) Report for this project should be prepared according to the
following Terms of Reference (TOR), based on “Drafi Guideline for conducting Environmental
Impact Assessment (EI4) Report, Department of EIA Review and Monitoring, MOE.”

6.2.1 Project Summary

Project’s goals, main objectives, methodologies and key measures for reduction of environmental impacts

are described in the EI4 Report.

6.2.2 Introduction

»  Type, size and location of the project
»  Background of the project’s location

> Within the framework of national and international laws and legislation standards

6.2.3 Purpose of the Project
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The purpose of the project for present and future is explained cleariy.

6.2.4 Project Description

(@ Briefing alternatives: size, location, limeframe (stages of project comstruction and project
operation) and source of labor forces

@ The production process: sources and quantity of raw materials to be used and finished products

(B Machinery requirement to run the project

Methodologies of wastes disposal in order to determine any environmental impacts

@) Description and quality of solid and liquid waste to be disposed and discharged, sources of noise
and vibration resulting from the process of this project (construction, operation) and the emission
of particles into the atmosphere

@ Project planning

6.2.6 Description of Environmental Resources

a. Physical resources:
> Air
Compilation of information based on the existing reports and data
>  Water

Compilation of the result of field survey in the study as well as information based on the existing

reports and data
> Land
Compilation of information based on the existing reports and data

b. Ecological resources:

» Bio-diversity
Compilation of the result of field survey data of fauna and flora as well as information based on the
existing reports and data

» Fauna
Field survey of fauna is conducted along pipelines and/or new canals (if any), and within and around

the water treatment facility site, regarding mammal, bird, amphibian, reptile, insect and fish, in dry
season, in addition to compilation of information based on the existing reports and data

» Flora

Field survey of flora is conducted along pipelines and/or new canals (if any) and within and around the

water treatment facility site in dry season in addition to compilation of information based on the

existing reports and data

» Forest
Field survey of inundated forests is conducted along pipelines and/or new canals (if any) and within

and around the water treatment facility site in dry season during flora survey, in addition to compilation
of information based on the existing reports and data
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c. Socio-economical resources:

Compilation of the result of stakeholder hearing survey in the study as well as information based on the
existing reports and data for the following items.

Population

Infrastructure

Land use

Public heaith and welfare

Condition of economy

® V V V V¥V VY

6.2.6 Public Participation

Stakeholder Hearing was already conducted from the representatives of 14 communes in the study area as
well as from Siem Reap Provincial Departments of Fisheries, Agriculture, Forest, Land Management and
Environment, and from Ministry of Environment and Tonle Sap Basin Authority.

In October Stakeholder Meeting will be held to collect opinions on EIA scoping (how to carry out EIA
study) from stakeholders and also in March 2010 another Stakeholder Meeting will be held to collect
opinions on Draft EIA Report prepared by SRWSA.

6.2.7 Environmental Impact Analysis

All significant environmental impacts resulting from the project should be described in this part, which
includes: Methodologies to identify the scope of the environmental impacts by using the Matrix table and
Environmental impacts during construction, operation and accumulative impact.
After decision of water source, intake system and location of water treatment facility and completion of
F easibiIi‘ty Study, EIA scoping will be revised and field survey of fauna and flora will be conducted.
The environmental items to be analyzed will be selected among the followings (refer to Table 5-3).

»Land use and utilization of local resources

> Cultural heritage

» Water Usage or Water Rights and Rights of Commeon

»Hazards (Risk)

» Infectious diseases such as HIV/AIDS

»Groundwater

»Flora, Fauna and Biodiversity

> Landscape

» Air Pollution

> Water Pollution

> Waste

> Noise and Vibration

» Ground Subsidence

> Accidents

45



Initial Environmental Impact Assessment
on The Siem Reap Water Supply Expansion Project
in The Kingdom of Cambodia

6.2.8 Environmental Impact Mitigation Measures

Environmental impact mitigation measures should be considered for items with significant impact.
6.2.9 Economical Analysis and Environmental Value

Benefits of the project should be indicated comparing with cost of the local environmental damages
6.2.10 Environmental Management Plan

The plan inciudes the Environmental Protection Measures in the stage of construction and operation, and

the Environmental Monitoring Program in the stage of construction and operation.
6.2.11 Institutional Capacity

It is demonstrated that the project owner has institutional capacity to carry out the work associated with
execution of the EIA and the implementation of the mitigation measures, such as organization structure,

budget/schedule, staff skills and methodological tools and equipment.
6.2.12 Conclusion and Suggestion

The assessment of environmental impacts both of positive and negative aspects with full accountability and
responsibility in the process of reporting the EI4 as well as addressing some possible suggestions

implicated in the project will be described.

6.2.13 Reference

46




~

7
1)

2)

3)

4)

3)
6)

7

8)

9)

10)

11)

12)

13)

14)

15)
16)
17)
18)
19)
20)

21)

Initial Environmental Impact Assessment
on The Siem Reap Water Supply Expansion Project
in The Kingdom of Cambodia

References

Chapter V. Urban Infrastructure and Environmental Management, Siem Reap: Urban
Development in the Shadow of Angkor

The Study on Integrated Master Plan For Sustainable Development of Siem Reap / Angkor
Town, JICA

5.Biodiversity and Protected Areas, National Environmental Action Plan 1998-2002

Tonle Sap / Great Lake Field Trip, Mekong River Commission Secretariat, Environment
Training Program (ETP)-Block 1

Boeung Tonle Chhmar Core Area, Tonle Sap Biosphere Reserve, Management Plan 2008-2012
Stung Sen Core Area, Tonle Sap Biosphere Reserve, Management Plan 2008-2012

3.Fisheries and Floodplain Agriculture in the Tonle Sap Region, National Environmental Action
Plan 1998-2002

Task 1.5 Perspectives of the Poor on Tourism, Tourism Sector Assessment, 6@ March 2009,
Empowerment of the Poor in Siem Reap-Scoping and diagnostic work

National Resources-based Development Strategy for The Tonle Sap Area CMB/95/033 final
Report Main Report May 1998

Integrated Resource Management and Development in the Tonle Sap Region Draft Report
July 2001

Monitoring of Large Waterbirds at Prek Toal Tonle Sap Great Lake 2001-2007 November
2007

A review of the Status and Distribution of Large Waterbirds in the Tonle Sap Biosphere Reserve
October 2008 '

The Biodiversity of the Tonle Sap Biosphere Reserve 2005  Status Review March 2006

The Compilation of Legal Instruments Related to Community Fisheries in the Kingdom of
Cambodia

Law on Environmental Protection and Natural Resource Management 1996

Sub-Decree on Environmental Impact Assessment Process NO.72 ANRK.BK 11 August 1999
MOE, Decree for Protected Area (not English)

Implementation Strategy for Urban Water Supply Policy November 2006 The World Bank ‘
Sub-Decree on Solid Waste Management, NO. 36 ANRK.BK

Royal Decree on Establishing Protected Cultural Zones May 1994

Sub-Decree regarding Organization and Functioning of the Office of Director General of the

47



22)
23)
24)
25)
26)
27)

28)

29)

30)
31)
32)

33)

34)

35)

36)

37)

38)

Initial Environmental Impact Assessment

on The Siem Reap Water Supply Expansion Project
in The Kingdom of Cambodia

APSARA Authority

Sub-decree establishing the Special Police Crops for the Protection of Cultural Heritage

Law on Water Resouces Management of the Kingdom of Cambodia, 29 June 2007

Sub-Decree on Air Pollution Control and NQoise Disturbance, NO.42 ANRK.BK 10 July 2000
Sub-Decree on Ater Pollution Control, NO.27 ANRK. BK April 06, 1999

Sub-Decree on Social Land Concessions NO19 ANK/BK/March 19 2003

Royal Decree on Creation Authority Tonle Sap 29 June 2009

Royal Decree on The Establishment and Management of Tonle Sap Biosphere Reserve 1%
October 2001

Sub-Decree on the Establishment, Role and Functions of the Secretariat for Tonle Sap
Biosphere Reserve

Law on Forest ,, NS/RKM/0802/016, August 31 2002
Law on Fisheries, NS/RKM/506/011, May 21 2006

Land Law August 30 2001

Social and environmental impact of ADB development projects on the livelihoods of
Cambodian people, Mak Sithirith Summary of Presentation at Conference on “Accounting for

Development” June 23-24, 2000, University of Sydney

The Implication of Environmental Legal Tools to Water Environment in Cambodia, Chris Sokha

Workshop on Land Management for Minisiry of Land Management, Urban Planning and
Construction organized by Ministry of MLMUPC, GTZ and ADB 09-11 November 2000

Workshop Document

National Biodiversity Strategy and Action Plan Ministry of Environment April 2002
FAO/UNDP/GEF Project CMB/98/G33

Technical Report on the Final Draft Land-Use Plan fro Siem Reap District, Report prepared by
District Master Plan Team Siem Reap, October ol, 2007

‘Improvement of Siem Reap River Upgrade the Existing Sewerage System and Construction of

Wastewater Treatment Plant Siem Reap Province, Initial Environmental Examination, July 2008,
The Export-Import bank of Korea

48




Initial Environmental Impact Assessment
on The Siem Reap Water Supply Expansion Project
in The Kingdom of Cambodia

8 Appendix

8.1 Photographs of Stakeholder Meeting

Main Guests Participants

Leader of JICA Study Team Process of Water Source Selection
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8.2 Material used for Presentation in the Stakeholder Meeting
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