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CHAPTER V 
URBAN INFRASTRUCTURE AND ENVIRONMENTAL MANAGEMENT 

 
INTRODUCTION 
Siem Reap sits at the nexus of the arterial routes National Road 6 and Siem Reap River with the 
district covering an area of 292 km2 (or 112 mi2; comparable in size to Quito, Ecuador) and 
concentrated mainly along a two-kilometer (1.2 mile) radius. While urban management for a city 
of this size is not complicated per se, its circumstances are exceptional for it hosts millions of 
international tourists per year. Historically a regional town, albeit small, it was not until 1990 that 
its population reached 50,000. It is now the second largest regional city in the country after 
Battambang (population approximately 196,000). With demographic and urbanization pressures 
expected to increase in the years to come, infrastructure capacity and facility standards have 
become prominent concerns since the late 1990s.  
 
Water, specifically, has been a mounting concern as highlighted in various urban plans (i.e. JICA). 
It also has been prominent on the agenda of high-level meetings (i.e. ICC annual plenary sessions, 
November 2007 Symposium on the Issue of Water by APSARA and UNESCO) for these reasons: 1) 
water extraction from the tables beneath the earth’s surface can lead to ground subsidence; 2) 
ground subsidence is a threat to the structural integrity of the nearby temples; and 3) the 
topography of the city (mostly flatlands) exacerbates the hydrological pressures of seasonal 
flooding and strains the town’s drainage networks.  
 
This chapter examines networked infrastructure of the city, and includes national data where 
appropriate. The strengths that define the city – its accessibility by air, land, and water; its 
paramount location at the mouth of Angkor; and its unique position as a magnet for policy support 
from various government and non-profit bodies – also point to the fragility and complexity of 
balancing infrastructure demands with tourist, residential and geographic needs. To that end, this 
chapter touches upon the infrastructure question by addressing water production, waste 
management, sewerage and drainage, as well as public water and roads in relationship to the 
social and natural geographies of Siem Reap.  
 
ORIENTING THE CITY 
As noted above, Siem Reap lies at the center of the north-south axis of the river and a major east-
west highway (from JICA 2006c unless otherwise noted). The urban core is oriented where these 
two axes meet. The Siem Reap River provides a natural separation between the eastern and 
western parts of the city. The river is 80km (50 miles) long, with its origins Mt. Kulen and its 
discharge point Tonle Sap, and 20m (65.6 feet) wide. There are two weirs or low dams that 
regulate river flow – the French weir in the north and the Crocodile Weir in the south. The portion 
of the river that cuts across town is relatively stagnant. The river is manmade with little known 
about its flow characteristics (in ICC 2005). The town center is wedged between Sivatha Boulevard 
and the river that run parallel to the other. Administrative and tourist facilities are concentrated on 
the western bank, i.e. the Old Market (Psar Chas) and the Central Market (Psar Kandal) districts, as 
well as the western span of National Road 6 that leads to Siem Reap International Airport. Because 
the city is bounded by the protected heritage site to the north, agriculture lands on the west, and 
Tonle Sap to the south, various authorities and plans (JICA, PUR, etc. – for details see chapter on 
institutional geography) have noted that urban expansion logically should move east. Moreover, 
the eastern span of the city does not have the kind of water supply of its western counterpart (from 
the Western Baray); resources better devoted to agriculture. Given these topographic features, it 
follows that the eastern portion of city is suited for build-up. 
 
Siem Reap Province is part of the Central Plains or the low-lying alluvial plains that encircle Tonle 
Sap Lake with elevations no greater than 50m (164 feet) above sea level. The town is on land with 



Siem Reap: Urban Development in the Shadow of Angkor 

V-68 

minimal gradient and while the city’s topography is conducive to land development – the city’s 
gradient is no more than 15/100 (0.15%) – this flatness compounds seasonal flooding from 
monsoon rains that fall throughout May to October. Annual rainfall is approximately 1,160mm (63 
inches, 2004 figures cited in JICA 2006c). Flooding strains the city’s drainage network, originally 
built in the 1960s to accommodate 10,000 residents (in ICC 2007), now used by a population 
estimated to be 139,566 (as of 2004). The population of the district is projected to grow to 
210,643 by 2020. Population distribution varies throughout the region as it does within the city. 
The district population density of 432.5 persons per square kilometer is nearly six times higher 
than the average province density of 74.1. Average densities do not capture the number of 
international tourists that come to the Angkor region to visit the temples annually. Of the 2 million 
foreign arrivals to the country, half are estimated to come to Siem Reap-Angkor (JICA 2006c). Thus 
this modestly sized city of 140,000 must accommodate an ever-present tourist population that 
fluctuates throughout a given year. While an average population density would be difficult to 
calculate given the seasonal variation and geographic concentration of tourists, the infrastructure 
question becomes tantamount when considering residential and tourist demands on water. 
Conversely, waste production must be considered alongside resource consumption. 
 

 
 

FIGURE 1: Angkorian canals and waterways (in JICA 2006c). 
 
In academic debates, infrastructure can be identified as a type of networked technology, its 
“unbundling” the current paradigm of urban social change throughout the world (e.g. Marvin and 
Graham 2001, Castells 2001). Marvin and Graham (2001) have argued that infrastructure is 
splintered, no longer defined by its universal provision, distribution and standardization, 
applicable not only of developing cities but in metropolises like New York. Throughout the 
twentieth century, economic thought identified infrastructure as a form of sunk capital, best 
managed through state monopoly and public regulation given its economies of scale. This practice 
was historically predominant in countries governed by Keynesian-welfare nation-state regimes, i.e. 
the U.S. and the U.K. Infrastructure in these cases was not only seen as a public good but as the 
productive basis of industrial capitalism and the social reproduction of labor power. Infrastructure 
includes transport as well which closes this chapter. 
 
The role of infrastructure in capitalist accumulation continues to be crucial to the service economy 
and thus in the context of Cambodia has been identified as the basis of social reproduction, not of 
labor power, but of tourism; a struggle that takes place not at the point of production but at the 
point of consumption (Castells 1983). Accordingly Cambodia is more representative of larger 



Siem Reap: Urban Development in the Shadow of Angkor 

V-69 

trends in infrastructure, its provision defined by the logic of privatization and its subsequent 
segmentation by class and geography. Without taking issues of fragmentation and inequality of 
access for granted, it is worth noting that infrastructure provision is financially laborious for cities 
throughout the world though urbanization and growth continue apace. And infrastructure remains 
key to debates and progressive practices of the environmental sustainability movement. The 
reconstruction era of Cambodia is relatively young at fifteen years and various authorities are fully 
cognizant of the need for the proper provision of infrastructure. 

  

 
 

FIGURE 2: National environmental map (World Bank 2003). 
 
THE ECOSYSTEM OF SIEM REAP-ANGKOR  
Siem Reap town is surrounded by three major poles: Mt. Kulen in the north which have been part 
of a national nature reserve since 1993, alluvial plains of the ancient Angkorian capitals and Tonle 
Sap Lake. These poles are interdependent from an ecological point of view and should be so in the 
case of natural resources management and human settlement. According to an ecological model 
for the Siem Reap-Angkor region (in ARTE-BCEOM 1995c; Clément 1996c), the region can be 
divided into several zones according to geology, topography and morphology, flora and wildlife 
based on the geological features of the soil.  
 

• Ancient terraces, formed by sedimentary deposits, have provided stable foundations for 
construction and at the same time are a rich source of materials such as laterite, or a type 
of clay. The Khmers built major temples from the sandstone outcrop of Bakheng mountain, 
where the soil is constituted by a sandstone layer over five to eight meters deep on a base 
of laterite or compact clay. The sandstone has protected the temples from the annual 
movements of the arable layer during the alternating rainy and dry seasons. The base layer 
also has supported the formation of a superficial water sheet of 1.5 to 3 meters in depth 
regulated by the system of moats and canals of the Angkor complex. These wet soils, rich 
in sand, are responsible for the vegetation surrounding the temples called the “temples’ 
forest” and a host of rich wildlife.  

 
• Young terraces are made up of more recent alluvial deposits and composed primarily of 

clay. Whether the terraces are alternatively wet and dry according to the season, they are 
called young dry terraces. In the wild, they would be characterized as semi-dense forests. 
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But these terraces have been used for agriculture for a long time even if their soil is not 
very fertile. The town of Siem Reap town is situated in this area. When the terraces are 
periodically inundated by Tonle Sap Lake, they are called young flooded terraces (Califano 
2005) with inundation lasting upwards of five months. Their soils are fertile and have been 
used since ancient time for the cultivation of rice. The inundated rice fields constitute one 
of the main resources of Siem Reap-Angkor. This zone should be protected from other 
types of occupation that could damage the characteristics of the soil or the land use 
(Clément 1996). 

 
• The Kulen Mountains are important to the ecological equilibrium of Angkor. The ancient 

Khmers built fences on the mountains’ rivers to regulate flooding and create water reserves.  
 
• The plains surrounding Tonle Sap Lake are inundated for three to four months out of the 

year when the sheer volume of the Mekong River blocks the flow of the Tonle Sap, 
reversing the direction of the water (Califano 2005).  

 

 
 

FIGURE 3: Vegetation structure in Siem Reap Angkor (ARTE-BCEOM 1995c). 
 

Natural resource conservation requires a system of long-term management. Since the Angkorian 
period, the canal network and the artificial lakes have regulated an otherwise unstable water 
system used to move soil deposits and irrigate fields. This equilibrium has always been fragile 
forcing the ancient Khmers to restore or rebuild the water system periodically (Groslier 1949-
1968). Recent development pressures, including water consumption and deforestation, pose a 
threat to this equilibrium. Tipping the balance will severely compromise the ecosystem and could, 
in the long term, damage the temples.  
 
URBAN WASTE MANAGEMENT  
Municipal waste disposal is a major environmental challenge facing Cambodian cities though the 
scale of problem is small when compared to cities in neighboring countries (Ministry of 
Environment 1998: 64). Statistics on waste production vary considerably. Of the purported 536 
tons solid waste produced in the city daily, 35% (approximating 187 tons) is hauled away by Siem 
Reap Municipality (ASPARA report in ICC 2007). The JICA master plan study notes that 94 tons of 
waste is produced daily with 60 tons (64%) collected and disposed by the waste collection 
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companies MICC and HCC. MICC operates in areas accessible to its twelve trucks, collecting 
garbage from approximately 7,000 households in four (of the possible ten) communes. There have 
been talks with district chiefs to find a solution for areas inaccessible to garbage fleets, including 
the possibility of pre-sorting garbage to facilitate the process (in ICC 2007). Given these 
challenges, urban waste management has been among the six priority targets of the 1998-2002 
National Environment Action Plan (NEAP) identified according to their significance and 
relationship to the economy, public health and the environment (in Ministry of Environment 
1998). The five-year Socio-economic Development Plan (SEDP) 1996-2000 – its objectives 
poverty reduction and human development – identified the need for a balanced approach to rural 
development and development of provincial cities with priority on water and sanitation in urban 
centers (ADB 20031). SEDP II from 2001-2005 also identified access to water supply and sanitation 
and promoting sustainable management of environment as key development strategies.  
 
The major cities in the country have witnessed rapid increases in the volume of solid and liquid 
waste and wastewater management is an urgent problem. For one, many areas of Cambodia’s 
cities, including Phnom Penh, are still without adequate waste collection (WSP 2008, MoE 1998). 
There are no special dumpsites or other treatment facilities for toxic and hazardous waste and only 
a few hospitals have on-site incinerators (cit. Office of Solid and Hazardous Substance 
Management 1999 and 2001 in World Bank 2003). Toxic and hazardous waste is burned at open 
dumpsites along with solid waste; a public health hazard that could leach toxins like dioxin, a 
serious environmental pollutant, into soil and water. In addition, the introduction of export duties 
on recyclable materials, usually sold to neighboring countries, has eroded profitability of the 
market in recyclable waste resulting in an increase of solid waste that is improperly disposed. 
There have been reported cases of the illegal smuggling of toxic and hazardous waste into the 
country as well (in World Bank 2003). Recycling of waste at dumpsites, though preferred, is not 
feasible given that very little garbage with recyclable value makes it on-site. Prior to waste 
collection, waste pickers collect recyclables like bottles and cans (in MoE 1998). 
  
The dearth of available data on urban waste management, including the costs of waste disposal 
and collection in Phnom Penh and other cities makes analysis difficult. However, some studies 
estimate that waste collection takes from 30 to 60% of municipal revenues in developing countries 
(citing 1991 World Bank study in MoE 1998). While solid waste management has gradually 
improved, more work needs to be done (WSP 2008). Designated dumpsites are usually available 
only in urban areas though existing dumps are not secure from leakage (in ICC 2007). Siem Reap 
has one 6 to 8 ha (14.8 to 19.7 acre) landfill for solid waste that belongs to a concessions holder, 
located in Prey Kuy district 8 km east of the city center (JICA 2006c, ICC 2007). The dumpsite was 
not designed to prevent seepage and there are plans to shut it down. A new dumpsite has been 
proposed in Banteay Srei including sealing the site to meet environmental needs. Siem Reap 
District is responsible for supervising the construction of this dump (in ICC 2007). It is common for 
garbage to be burned or buried in both the countryside and noticeable throughout Siem Reap are 
unsanctioned neighborhood dumps and garbage along canals, drainage structures, and on the 
streets (WSP 2008, ICC 2007). Accordingly, the master plan study by JICA identifies environmental 
sustainability and infrastructure enhancement as key sectors to be developed in Siem Reap. 
 
The variation in the data on the volume of solid waste produced in Siem Reap and other cities in 
Cambodia is inordinately large even when controlling for margin of error for reasons that remain 
unclear. Comprehensive data on waste production is necessary for management policy and 
investment. Some figures on the amount of solid waste produced per day in Siem Reap are noted 
below: 

                                                
1 ADB’s provincial towns project included: Battambang, Kampot, Kampong Cham, Kampong Thom, Pursat, 
Sihanoukville, Svay Rieng. Selection criteria based on ADB’s previous assistance. Siem Reap was not part of project. 
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Conflicting Figures on Daily Solid Waste in Siem Reap 
17 tons (citing 1999 figure in World Bank 2003) 
47 tons (year unknown in Ministry of Environment 1998) 
94 tons (citing 2004 figure in JICA 2006c) 
536 tons (year unknown in ICC 2007) 

 
While a World Bank (2003) report notes that the daily average waste generated in Siem Reap was 
17 tons in 1999, it also states that an average of 650 tons of waste is produced daily in main urban 
centers in Cambodia; a volume amount expected to triple by 2010. The JICA master plan study 
notes waste volume will triple but not until 2020 from its recorded 2005 volume. As part of its “A 
more beautiful Siem Reap” campaign, a 2005 JICA pilot project included the installation of 100 
garbage bins along roads with high pedestrian traffic. The bins were provided for by the provincial 
government to be managed by MICC, the district’s trash collector. The dotted lines in the figure 
below show where bins were placed (FIGURE 7). 
 

        
 
FIGURE 5 (l): Economic costs of sanitation (WSP 2008); FIGURE 6: Population with access to potable drinking 
water, by province, 2004 (UNDP 2007 citing CIPS 2004). 
 
THE ECONOMY OF SANITATION – ACCESS AND IMPACTS 
Part of the Millennium Development Goals includes a target to halve the number of people 
without access to sanitation between 1990 and 2015. Cambodia’s MDG targets have set lower 
sanitation coverage thresholds (30% - rural, 74% - urban) though it is unlikely that targets will be 
reached by 2015 (in WSP 2008). The Council of Social Development established targets as part of 
the 2002 National Poverty Reduction Strategy that are higher than in the Cambodian MDGs with 
access set at 40% for rural and 87% for urban populations. According to the 2008 Regional Water 
and Sanitation Study by the World Bank, the economic costs of poor sanitation in 2005 
represented a net loss of $448 million for the country (WSP 2008, see FIGURE 5). Of this, tourism 
represented $73.7 million in losses (see FIGURE 9) and $187.1 million in public health and 
includes other welfare costs based on data from the Cambodia Socioeconomic Survey (CSES) 
2004, Cambodia Inter-censual Population Survey (CIPS) 2004, Cambodia Demographic and 
Health Survey (CDHS) 2005; each which survey sanitation coverage improvements. Economic loss 
here is measured as the difference between actual and prospective tourist arrivals and includes 
other proxies (e.g., duration of stay, prospects of a return visit, lost time and money due to illness 
from hygiene and sanitation). The definition of sanitation in this particular study is confined to 
access to a latrine that is considered “improved” only if “it is used by household members and not 
shared with others, and if the system can separate human waste from human contact” and 
includes flush or pour-flush facilities connected to piped sewer, septic tank, or pit latrine (WSP 
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2008: 9). Access, or lack thereof, can compromise economic productivity and health while 
contributing to the cost of living, namely expenses associated with water purchased. 
 

                     
 
FIGURE 7 (l): Environmental upgrade project. Dotted lines indicate placement of trash bins as part of “A more 
beautiful Siem Reap” campaign in 2005 (in JICA 2006c); FIGURE 8 (r): Unit costs of water with estimates 
based on market prices of goods and materials (WSP 2008). 
 
Cambodia is predominantly rural with 80 to 85% of the population residing in the countryside. In 
low-income countries in 2000, an average of 42.6% of the total population (in 1999, this figure 
was 36%) had “access to improved sanitation facilities” though access rates were greater among 
urban (70.6% in 2000, 61% in 1999) than rural residents (30.9% in 2000, 24% in 1999). Access 
rates were considerably lower in Cambodia: 56% of the urban population and 10% of rural 
population or 17% of total (2000 figures cited in World Bank 2004, 1999 figures in World Bank 
2006). In 1999, 53% of the urban and 8% of the rural populations; or 16% of the total had access 
to sanitation in Cambodia (ibid.). Longitudinal data is scarce and comparative analysis based on 
data calculated for different points in time is difficult given variant methodologies of the surveys 
reviewed. While sanitation access appears to have improved between 1999 and 2000, it is modest 
at best constituting a difference of only a few percentage points. Moreover such a change may 
have been likely offset by population growth or internal migration. The last National Institute of 
Statistics census conducted in 1998 contains a category on households with a “toilet facility” 
within the premises. The category appears to be more restrictive, given that its data shows that 
6.6% of Siem Reap Province households had a toilet facility within the premises, or 28.1% of 
urban and 2.4% of rural households (Ministry of Commerce: National and Provincial Resources 
Bank). 
 

 
 
FIGURE 9: Economic impacts on tourism. Note: Economic loss is calculated as “gap between current and 
potential, multiplied by the attribution to sanitation” (in WSP 2008).
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WATER ACCESS AND CONSUMPTION  
Limited water resources in Siem Reap District represent a major constraint to the development of 
the area (JICA 2006c) compounded by tourism demands that in the future will outstrip supply. Yet 
Cambodia is naturally endowed with freshwater resources not only abundant relative to the East 
Asia Pacific region but in relation to low-income countries globally. The Mekong and Tonle Sap 
Rivers and Tonle Sap Lake are important sources of freshwater that support agriculture, fisheries 
and transportation (World Bank 2003). Tonle Sap, critical to the formation of Angkor, holds 
significant potential as a site of eco-tourism with its biological diversity and its UNESCO biosphere 
status. The hydrology of the lake allows it to act as a natural flood retention basin regulating 
floodwater from the Mekong River. Its periodic flooding is key in calibrating the lake’s productivity 
and is surrounded by floodplains 20 to 40km wide, dotted at various points by rice fields and 
inundated forests that provide fertile breeding grounds for fish and other animal life (MoE 1998, 
World Bank 2003). The size and depth of the great lake vary by season. During the dry season the 
lake is approximately 120km long, 35km wide, and one to two meters deep engorged during the 
monsoon season to these dimensions: 250km in length, 100km in width and a depth from eight to 
ten meters to make it the largest freshwater lake in Asia (MoE 1998). The total recorded fish catch 
from family and commercial fisheries amount annually to 50,500 to 74,700 tons (cited in MoE 
1998). 
 
Per capita figures on freshwater resources can be misleading given the population of the country 
which stands at a modest 14.4 million in 2007 (cit. in ADB 2008). Nevertheless, per capita 
freshwater resources are as follows (in cubic meters): 8,738 in Cambodia; 5,062 in the East Asia 
Pacific Region; and 3,456 in low-income countries (1999 figures in World Bank 2006). While 
freshwater is abundant, access to potable water is not (UNDP 2007, JICA 2006c). Country wide, 
access to “improved water” appears to be woefully low particularly in contrast to other poor 
countries. In low-income countries throughout the world: 89.7% urban and 69.9% rural, or 
approximately 75% of the total population had access to an improved water source in 2000. That 
same year, 54%2 of urban residents and 25% of rural residents constituting 30% of the total 
population had access to an improved water source nationally (cited in World Bank 2004, 
comparable figures in World Bank 2003). It is unclear from the cited World Bank data on what 
exactly constitutes “improved water” (UNDP 2007). It appears that figures on water access also 
vary by water type considered. JICA estimates that 14% of the population of Siem Reap District has 
access to piped water though local residents can access safe groundwater by hand pumps; 90% of 
which are deep water wells with depths that range 20 to 30 meters (66 to 98 feet) (JICA 2006c). 
According to (ADB 2003), only 8.5% of households in provincial towns in the country have access 
to private or public tap water and 58% draw water from unprotected sources (ADB 2003: 2).  
 
Commercial consumption rates are much higher. While the hotel industry constitutes the largest 
service sector in the area, the JICA study team conducted a survey in 2005 on commercial water 
usage patterns. From it, nearly 90% of the Siem Reap hotels surveyed have well water, with 30% 
connected to the public water supply. Of the 30% connected to the public water network, 17% 
also have well water supply with the remaining 13% reliant solely on public water (JICA 2005 
survey). Public water supply is consistent throughout the year but demand spikes during peak 
tourist seasons from December to March. The quality and quantity of water drops at the end of the 
dry season in April. Of those hotels surveyed that use well water, 80% filter and 17% chlorinate 
water. Daily water consumption among hotels average 2,704m3 or 81,109m3 per month. 
Consumption spikes to 4,931m3 (or 147,924m3 per month) during peak season. Hotel operators in 
the survey noted that they consider the price of water expensive at 1,400 riel (equivalent to 35 
cents) per cubic meter. However the commercial cost of water appears to be relatively low 
compared to municipal water rates in other parts of the world. While cross-country comparison 

                                                
2 ADB cites that in 2004, 41% of population was using an “improved drinking water source” (cited in ADB 2008). 
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requires more analytical rigor, to note water rates in the U.S. are 66 cents/m3 and $2.25 in 
Germany and Denmark (in Earth Policy Institute 2007). Huge differentials persist throughout the 
world based on various factors including government water subsidies that allow consumers to pay 
less than market rate. The range of price differentials is striking when considering that for an 
average American household (whose consumption averages 480m3 per year) water will cost a 
Washington DC homeowner $350 (equivalent to 72 cents/m3) while buying the same amount 
water in the “slums of Guatemala” is said to cost $1,700. Actual disparities between countries 
aside, the market costs of water do vary by type (public versus private water) and location as noted 
in FIGURE 8. 
  
WATER PRODUCTION  
The current water supply system utilizes groundwater from eight deep wells with a daily capacity 
of 8,000m3. This new system, which began in 2005, increased daily production from two wells 
with a capacity of 1,500 cubic meters (JICA 2006c) and is a product of the JICA Siem Reap Water 
Supply Project of 2003 aimed at creating an improved water system for town residents and to 
serve a population of 26,000 or 4,600 households with group wells, a purification plant and 
distribution pipelines (in ICC 2003). The JICA Study on Water Supply System of Siem Reap Region 
notes that groundwater consumption in the district averages 6,115m3 (which peaks to 9,000m3); a 
daily intake that does not reduce groundwater volume with a maximum 15,000 m3 load (cited in 
JICA 200c: III-14-10). Due to maintenance problems with distribution pipes, water leakage 
averages 60% (ADB 2003). JICA reports that between the years 2002-2006, that leakage became 
less of a problem from an average of 55.1% to 34.6%, which is high.  
 

 
 

FIGURE 10: Health facilities in Cambodia (citing www.nis.gov.kh in UNDP 2007). 
 

Of the 8,000m3 currently produced daily, 30% goes to Siem Reap town according to the Korean 
KTC Cable Co. which was recently granted a license by the Ministry of Industry, Mines, and 
Energy (MINE) to manage the clean water system in the province (in ICC 2007). The company’s 
own studies identify Western Baray as the best source of water production, given the limits to the 
quantity of the region’s groundwater, the difficulties of making well-water potable, and the risks of 
drilling into the water tables. The company predicts that water production can be increased in 
volume to 20,000m3 cubic meters daily by 2020 at the initial starting cost of $8.5 million (in ICC 
2007).  
 
Earlier assessments, in contrast, had determined that the Western Baray could not serve both 
irrigation and water needs, particularly with its sedimentation at lower water levels (in ICC 2003) 
and with diminishing supplies due to drought according to the 2005 JICA water survey conducted 
by SAWAC. Yet a statement by the chair of the Ad Hoc Commission for Western Baray made at 
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the 2007 ICC plenary session noted that the reservoir is being rehabilitated to bring its total 
capacity to 62 million cubic meters; the volume necessary to meet the needs of both tourists and 
residents (in ICC 2007).  
 
In lieu of the Western Baray, groundwater near Tonle Sap Lake was identified in the JICA master 
plan study as the best source of clean water (JICA 2006c: III-14). Other prospective water sources 
identified were Mt. Kulen, Northeast Baray, groundwater in the town center, and groundwater 
near Tonle Sap. Tonle Sap and Siem Reap River did not meet the study’s qualifications of being 
sustainable or sufficient. Western Baray was also not considered because of its status as cultural 
property. While the water quality of Mt. Kulen is noted as good, its quantity was is and has value 
to local residents. The water tables under the city center are not a viable future source given that a 
number of hotels have already pumped high volumes of water from them with further intake a risk 
to ground subsidence. Groundwater in Tonle Sap is well-suited for production needs, even during 
the dry season with its risks to ground subsidence low, making it a logical choice for water 
resource development.  
 
WATER QUALITY  
Domestic sewage, commercial waste, agricultural run-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 makes 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. 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 (biological 
oxygen demand) used as a measure for the degree of pollution (WSP 2008). Siem Reap River 
contains chemical and biological pollutants due to domestic waste discharged into it, but water 
can be flushed out with upstream water during the rainy season. The municipality received 
assistance from Association internationale des maires francophone for a clean-up project of 2km of 
Siem Reap River with work completed in August 2007 (in ICC 2007).  
 

 
 

FIGURE 11: Daily release of polluting substances to inland and ground water bodies (in WSP 2008). 
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WASTEWATER MANAGEMENT 
Municipal wastewater disposal takes place primarily through a network of sewerage pipes that 
drain into retention basins. Wastewater in retention basins is later pumped out into rivers and lakes 
and in the case of Siem Reap, all collected wastewater drains into Siem Reap River combined with 
storm water. Problems with sewerage systems in Cambodian cities include ill-functioning pipes 
due to poor maintenance and construction. Many are clogged by improperly dumped garbage and 
infrequent removal of silt contributing to an overall breakdown of the system that increase the risks 
of flooding during the rainy season. Wastewater that is collected by the city sewer system 
discharges into canals that can overflow in the low-lying areas surrounding them. And the 
drainage system, which is designed for storm water, acts as a de facto system for sewage, 
producing a mixture of sewage and floodwater especially during heavy rains (MoE 1998, JICA 
2006c). 
 
Reports on sewerage issues in Phnom Penh are instructive for their applicability to regional cities 
like Siem Reap, namely that the cost of connection from private homes to the public sewage 
system is high making it prohibitive for the poor and culminates in human waste discharged in 
residential areas that eventually make their way through to water bodies (World Bank 2003). 
Sewage from luxury hotels are properly treated (on-site) though this is less the case for mid-range 
hotels and guesthouses (in JICA 2005) though on-site sanitation is common with domestic 
wastewater pre-treated in septic tanks (JICA 2006c). Recommendations in JICA 2005 include pre-
treatment facilities for smaller guesthouses and hotels, hospitals and the cessation of waste 
discharge into the river as well as to strengthen wastewater and solid waste management. 
 
In the absence of a wastewater treatment plant in the district and the inevitability of flooding due 
to the town’s land gradient, the only viable option is to rehabilitate existing drains and install 
future ones that better meet the needs of the city (in JICA 2006c). Three treatment options – on-
site, clustered, or centralized treatment – were evaluated in the JICA master plan study based on 
merit and social-environmental impacts. The centralized treatment system was deemed the most 
suitable for the district center given its population density. A centralized treatment center would 
require large tracts of land in order to house a water stabilization pond, a viable technology 
common to developing countries.3  
 
Siem Reap Province received $10.8 million from the American government and Asian 
Development Bank in 2006 to put in a 10km drainage network in western Siem Reap. Work began 
in October 2007 to be completed within eighteen months. The same year, the French Agency for 
Development began a 4.5 million euro project to study sanitation plans in Siem Reap and to lay 
17km of primary drainage in the eastern span of the city (in ICC 2007). The drainage project in the 
east is being undertaken by ICEA, a corps of French engineers, the objective to promote 
urbanization in the southeast reaches of the city. The funds are modest limiting the scope of the 
project to a lagoon and canal system that brings water into the river. Drainage then is subject to 
two separate systems of infrastructure management with discrete objectives, different executing 
agencies and government counterparts. The ADB project is under the supervision of the Ministry of 
Public Works and Transport while ICEA is working through Provincial Hall in collaboration with 
APSARA’s department of heritage promotion. ICEA has raised the issue on the multiplicity of 
projects and authorities responsible for water management and has proposed a comprehensive 
water management master plan for Siem Reap district that could be undertaken with a future loan 
from AFD. The plan would be implemented in coherence with the JICA master plan. The ICEA 
team also has proposed a water management system for the Cultural and Tourist City. Indeed the 
lack of basic infrastructure, including water, has been an obstacle to the development of the area. 
However, there are no funds for undertaking such a program.  

                                                
3 Other technologies available are aerated lagoons and oxidation ditches.  
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FIGURE 12: Drainage project for the eastern part of the city (ICEA 2007). 
 
A wastewater management project was proposed for Siem Reap in 2005 as part of the Mekong 
Tourism Development Project of the Asian Development Bank in collaboration between JICA and 
the Ministry of Public Works and Transport. The project is slated for completion in November 
2008 with the goal to upgrade tourism-related infrastructure in the city and in particular the central 
and commercial areas prone to frequent flooding during periods of heavy rainfall. The previous 
drainage system, the town center drain (TCD), served the town center and areas west of the river 
and along National Road 6. The TCD received raw sewage, septic tank effluent, wastewater, and 
municipal solid waste resulting in general contamination and reduced capacity. The rehabilitation 
of the existing system is to be accompanied by an upgrade of the southwest irrigation canal to join 
the south ring road around Siem Reap that is currently under construction. The system will be 
improved by the construction of new interceptor sewers along NR6 and Sivatha Boulevard, a 
pumping station and an electric generator. Also, a wastewater treatment plant will is slated for a 
12ha area in the southwest part of the town. 
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FIGURE 13: Wastewater management schema for western Siem Reap (MTDP 2005c). 
 
AIR QUALITY 
Data on carbon dioxide (CO2) 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 (NO2), sulfur dioxide (SO2) and 
carbon monoxide (CO) in Siem Reap meet Cambodia’s air quality standards (in JICA 2006c). It is 
unclear if air traffic from Siem Reap International Airport, one of two international airports in the 
country at present, was considered. 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. 
  
ROADS 
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 
rehabilitated. Primary highways split off into secondary highways, also considered provincial roads 
(demarcated as two-digit figures, i.e. Routes 66 and 63 go through Siem Reap) of which 2% are 
paved. All twenty-two provincial capitals are connected via the national road network. All of the 
country’s national roads, moreover, form part of either the southern corridor of the Greater 
Mekong Sub-region (GMS) which connects Bangkok to Ho Chi Minh city via Phnom Penh or the 
central corridor connecting Lao PDR to Sihanoukville port. The GMS countries are working to 
adopt a cross-border agreement to facilitate traffic (ADB 2007, JICA 2006c). 
 
The management of the road network is divided between the Ministry of Public Works and 
Transport (MPWT) responsible for 11,400km of national and provincial roads, and the Ministry of 
Rural Development responsible for 28,000km of rural roads (ADB 2007). MPWT and the 
provincial government are responsible for road rehabilitation, maintenance and new construction 



Siem Reap: Urban Development in the Shadow of Angkor 

V-80 

projects. In Siem Reap, roads are the responsibility of the Department of Public Works and 
Transport (DPWT), the Provincial Department of Rural Development (PDRD), the provincial 
government and APSARA. DPWT is the main authority in road rehabilitation and maintenance on 
national and provincial roads in the province. It is also responsible for city roads with approval 
from City Hall. PDRD is responsible for roads with traffic volumes of less than 50 vehicles per day 
as well as all tertiary roads, i.e. inter-village, inter-commune roads, district-commune roads, and 
commune-village roads. Tertiary roads are in a general state of disrepair though PDRD received 
funding from ADB for its Northwest Regional Development Project in 2004 and 2005. APSARA 
manages the road network in Angkor Park and the two major roads in town that lead to it through 
its two departments: the Department of Urban Development, which works with the provincial 
government and DPWT on issues of urban road network, and Angkor Conservation Compound 
which is responsible for road rehabilitation and maintenance. The provincial government is 
responsible for approving rehabilitation and maintenance plans by DPWT and requesting funds 
from the Ministry of Economy and Finance. 
 
 

 
 

FIGURE 14: Cambodia’s road network (in ADB 2007). 
 
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. Subsidiary roads, generally narrow and in poor condition, force traffic onto 
arterials creating bottlenecks at the French Bridge (the intersection of the river and National Road 
6) and at the intersection of National Road 6 and Sivatha Boulevard. Future road network planning 
will be based on traffic loads on NR6, which is the access point for those flying into the city or 
driving in from Phnom Penh. However National Road 6 is also the only major east-west arterial 
causing lop-sided development with hotels concentrated along its edges while also the location of 
the city’s largest market, Psar Leu. There are no road regulations or guidelines for residential areas 
forcing property owners to build private roads to meet growing needs (in JICA 2006c).  
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Design problems in road rehabilitation exacerbate existing conditions. According to ADB (2007), 
roads demonstrate premature defects caused by inadequate pavement design given the area’s 
climatic and hydrological pressures. For example, unpaved earth shoulders are common money-
saving techniques despite recurrent flooding from high precipitation. As a result hydraulic 
pressures damage road pavement during floods and heavy rains as water seeps into pavement from 
road edges. With paved shoulders, water seeps into shoulder which is of lesser concern since it 
does not carry regular traffic. In the absence of paved shoulders, water seeps into the carriageway 
damaging traffic-bearing roads. Other poor construction practices include uneven application of 
spray seals due to badly configured spraying equipment and uneven pavement thickness due to 
poor workmanship and insufficient quality control. Road rehabilitation thus requires adequate 
construction standards, work supervision and quality control systems at MPWT, which itself has 
capacity limits. For example, the ministry lacks the data and expertise that would allow it to 
prioritize maintenance projects, which is currently done by the provincial government or other 
line ministries. It also lacks the capacity to monitor road conditions. 
 
According to the World Bank (2006), Cambodia has the highest per capita passenger cars per 
1,000 persons. In Cambodia this figure is 25 cars per 1,000 persons, 12 in the East Asia Pacific 
region, and 6 in low-income countries. This may in part contribute to the increase in fatalities –  
18 per 10,000 vehicles in 2006 from 9 per 10,000 vehicles in 2000 (ADB 2007). Traffic deaths are 
up 11% in 2008 compared with the first five months of last year (716 deaths in 2008 compared to 
645 over the same period) according to the project coordinator for the Road Safety Program at 
Handicap International Belgium. 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 is also the most popular form of transport. 
And most motorbike drivers and passengers do not wear helmets (JICA 2006c). Data on the 
number of vehicles is scarce given the absence of comprehensive traffic counts and the sporadic 
nature of vehicle registration, which is not enforced despite a 2003 sub-decree. Only 1,903 
vehicles were registered in Siem Reap as of 2004 though over 33 thousand motorbikes cross the 
intersection of NR6 and Sivatha Boulevard in a given day (in JICA 2006c).  
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