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GLOSSARY
Outfall

–

An outfall is the device and location used to release
stormwater going out of the artificial stormwater drainage
system. Outfalls generaly release stormwater into natural
streams.

Curve
Number

–

Main parameter of the hydrological method called SCS-CN.
This parameter characterizes the type of surface hit by the
rainfall storm and its imperviousness.

Catchment

–

A catchment is the unit surface area (with a given geographic
extend) used for modelling. A catchment is defined by a
geographic polygon extent and an outfall point, were all the
runoff is concentrated and released.

Runoff

–

The runoff is the volume of water that is flowing at the gound
surface (not infiltrated into the ground). This flow shall be
managed by the stormwater system in urban and developed
areas.

NOTES
In this report, "$" refers to United States dollars.
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EXECUTIVE SUMMARY
1.
At the request of the Kingdom of Cambodia, the Asian Development Bank (ADB) is
developing the Livable Cities Investment Project (LCIP) to facilitate long-term sustainable and
economic growth across key secondary cities. The LCIP comprises an integrated urban
development approach, to ensure interventions consider land use, long term city needs and
demands, asset management and asset financing for sustainable operations.
2.
The project is aligned with the Government’s policies and national strategies, in
particular, the Government’s Rectangular Strategy – Phase IV1 and ADB Strategy 20302. The
project will support inclusive and sustainable development of the secondary cities of Bavet,
Kampot and Poipet and will focus on enhancing urban planning, building community resilience,
and providing inclusive and sustainable infrastructure to address urban growth and climate
change. The project will comprise of three key outputs: (i) Output 1: policy and regulatory
environment improved, (ii) Output 2: urban infrastructure improved, and (iii) Output 3:
institutional effectiveness and governance improvement.
3.
Feasibility studies were prepared to assess the essential infrastructure required to
address the current and projected demands for each participating city. The feasibility studies
involved the preparation of preliminary engineering designs, focusing on the priority works as
identified in Volume 2 - Sector Master Plan to service the short-term (up to year 2025).
Feasibility studies were also conducted for wastewater treatment and conveyance network
(volume 3), stormwater drainage (this volume) and solid waste management (volume 5).
4.
Due diligence reports, including environment, involuntary resettlement, and indigenous
people safeguards, climate change and vulnerability assessment, financial management and
economic analysis, social impacts, gender mainstreaming, and institutional and operational
capacity strengthening were also carried out as part of the feasibility study and are
documented in the following volumes:
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(i)

Volume 6 – Financial Management Assessment;

(ii)

Volume 7 – Financial Analysis;

(iii)

Volume 8 –Institutional strengthening plan;

(iv)

Volume 9.1 – Economic Analysis;

(v)

Volume 9.2 – Detailed Economic Analysis;

(vi)

Volume 10 – Materials Selection and Rate Analysis;

(vii)

Volume 11 – Climate Risk and Vulnerability Assessment;

(viii)

Volume 12 – Initial Environment Examination;

(ix)

Volume 13 – Basic resettlement plan;

(x)

Volume 14 – Indigenous Peoples Due Diligence Report;

(xi)

Volume 15 – Social development, poverty, and gender;

(xii)

Volume 16 – Strategic Procurement Plan.

Kingdom of Cambodia. 2018. Rectangular strategy for Growth, Employment, Equity and Efficiency: Building the Foundation
Toward Realizing the Cambodia vision 2050 Phase IV. Phnom Penh.
2
ADB. 2018. Strategy 2030: Achieving a Prosperous, Inclusive, Resilient, and Sustainable Asia and the Pacific. Manila.

5.
Bavet City is surrounded on the northwest side by Svay Theab District; on the
northeast side by the rural district Gò Dầu in the south of Tây Ninh Province, Southeast region,
Vietnam; in the southeast by Chan Trea District; and southwest by Kampong Rou. Bavet
municipality comprises of both built-up areas and rural areas. The current total population is
estimated to be 109,583 which includes a large number of temporary workers and tourists. By
2040, the population is projected to reach 150,000.
6.
As a result of recent population growth, the city has observed significant development
along the main National Road No. 1. New industrial nodes have been established across the
city, which has resulted in the expansion of settlement areas across many existing villages.
The proximity of the city to the international border has also enabled continued growth of trade
activities, and a growing influx of migrant workers.
7.
This growth and development have placed increasing pressure on the operation of its
existing infrastructure and its ability to service the growing demands of the city. This limitation
is restricting the city’s development potential as an economic border town, servicing the
growing commercial and industrial sector.
8.
Land-use plans for the 2030 horizon, which has been prepared by the Ministry of Land
Management Urban Planning and Construction (MLMUPC) have identified future population
growth and suitable land areas to accommodate growth; it is expected that approximately
61km2 of land will be converted from agriculture to residential purposes.
9.
The drainage network in Bavet comprises a series of ad-hoc pipes, ditches and open
channels, commonly constructed along larger roads. The city has more than 20 km of open
channel network. The open channel network is now considered as the main drainage
infrastructure. The size of those channels varies between 2 and 4 meters and depth from 1
meter to 3 meters. This network is also the outfall of some sewerage/drainage pipes. A new
drainage culvert is under construction along the national road in the center of Bavet.
10.
The rural areas mainly rely on natural drainage and open earthen channels that flow
into small rivers.
11.
The key issues with respect to flood management, faced by the city is summarized in
the following table, along with the associated challenges:
Issues
Flooding

Fast urban growth

Challenges
The city faces recurrent flooding issues. Limited primary/secondary
drainage network exists in the city, which causes local flooding spots to
occur.
Few box-culvert lines are being developed as part of the GMS 1 project,
along the National Road No. 1, and adjacent streets.
Climate change will likely result in increase in rainfall intensity, and greater
risk of flooding.
The stormwater drainage network will need to consider potential increase
in rainfall, and risks of flooding. The sizing of the infrastructure, and to
ensure it will be able to convey the stormwater runoff effectively. The
drainage network should also consider its integration with the road
network.
Urban development and rate of growth presents challenges in
implementing a drainage solution. New settlement areas are being
established, with limited access to services which is contributing towards
environmental degradation and lower levels of livability.
Further, in some areas, the legal buffer zone of 15m (no construction) on
both sides of the existing open-channel is often not respected. This leads
to a space reduction for new infrastructure to be implemented. The lack of
space available is a constraint and may limit the feasibility of network
extensions.

Issues
Topography

Challenges
The topography of the city is relatively flat with minimal gradient.
Sediment deposition increases with low slopes.
This reduces the
hydraulic capacity of the existing system (leading to overflow and flooding)
and makes operation and maintenance difficult.

12.
The following recommendations have been identified, following the conclusion of the
feasibility study assessments to address the issues and challenges:
(i)

Strategy. The proposed drainage network follows the natural topography and
discharges at low points of the road. As much as possible, the few existing crossdrains will be reused to limit the cost of road cutting and reinstatement. Runoff rates
for built-up areas are based on a 1-in-5 year storm intensity as per the Road Design
Standard (MPWT, 2003). To anticipate climate, an increase of 5% in rainfall
intensities has been taken into consideration for the design of the infrastructures
proposed (this corresponds to horizon 2060 of CO2 RCP 8.5 scenario).

(ii)

In urban areas, to minimize the risk of blockage by solid waste and problems
related to resettlement, the development of an underground network (box-culvert)
has to be prioritized. This choice will limit urban development constraints on the
surface. The depth and width of the proposed box culverts will allow storage and
slow drainage.

(iii)

In rural areas, the irrigation canal system is well developed in Bavet. It is proposed
to enlarge those existing trapezoidal earthen open-channels. This drainage
solution fits with the actual land use. In the future and as the urban development
will grow, it might be needed to replace it with box culvert lines.

13.
Investment proposed. Based on the feasibility assessment, the following investments
are proposed for the city:
(i)

Creation of 1.8 km Box culverts in dense urban areas

(ii)

Creation of 1.0 km of U-Drain in mixed urban/rural areas

(iii)

Rehabilitation and upgrade of 6.8km existing open-channels in rural areas

14.

The estimated capital and operational costs are provided in the following tables.

Ref.

Component

TOTAL
($)

1
2

Civil Works
Equipment, Vehicles, Furniture
TOTAL

5,458,505
302,808
5,761,313

Note: Total including civil works, equipment, and excluding consulting services, VAT, physical contingency and
price contingency.

Item
1. Personnel
2. Fuel and energy
2. Maintenance
Total Stormwater network

Cost
($/year)
27,600
6,959
9,084
43,643
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I.

INTRODUCTION

1.
The urban population in Cambodia has increased at a rate of 8.1% per year since
2008, and in 2019, represents approximately 6.14 million out of a total population of 15.5
million in 2019.3 As a result, many cities across the country have experienced rapid urban
growth, which has highlighted deficiencies in the existing basic infrastructure, where it is no
longer operating optimally or capable of servicing the increased demands. The Livable Cities
Investment Project (LCIP) has been designed to facilitate long-term sustainable and economic
growth across the key secondary cities of Bavet, Kampot and Poipet, which have been
selected for their economic potential and location at key trade and tourism zones. The project
incorporates a holistic approach that takes into consideration current and future urban
development trends, Land Use Master Plan, city needs and demands, asset management,
and asset financing to enable long-term sustainability of the city.
2.
The project is aligned with the following impact: livability of secondary cities improved,
and will have the following outcome: access to urban infrastructure and services in
participating cities improved. The project outputs include: (i) Output 1: policy and regulatory
environment improved; (ii) Output 2: urban infrastructure improved; and (iii) Output 3:
institutional effectiveness and governance improved. The project is aligned with the
Government’s policies and national strategies, in particular, the Government’s Rectangular
Strategy – Phase IV4 and ADB Strategy 20305.
3.
This feasibility study has been prepared to assess the technical solutions to meet the
future urban needs and outlines the proposed infrastructure investments required to service
the short-term horizon (up to 2025). It builds on the recommendations as identified in the
earlier Urban Development Scenario report (April 2020) and the Sector Master Plan (March
2021).
Figure 1: Strategic Planning Framework
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Government of Cambodia. 2020. General Population Census of the Kingdom of Cambodia 2019. Phnom Penh.
Kingdom of Cambodia. 2018. Rectangular strategy for Growth, Employment, Equity and Efficiency: Building the Foundation
Toward Realizing the Cambodia vision 2050 Phase IV. Phnom Penh.
5
ADB. 2018. Strategy 2030: Achieving a Prosperous, Inclusive, Resilient, and Sustainable Asia and the Pacific. Manila.
4
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II. CITY OVERVIEW
1.

Urban Boundaries

4.
Bavet was established as a city in December 2008 and is strategically located in the
South-East part of Cambodia at the main international border crossing with Viet Nam. It is
surrounded on the northwest side by Svay Theab District; on the northeast side by the rural
district Gò Dầu in the south of Tây Ninh Province, Southeast region, Vietnam; in the southeast
by Chan Trea District; and southwest by Kampong Rou. Bavet is the first town in Cambodia
along the National Road No 1 (NR 1) when traveling from the border of Viet Nam and is an
emerging trading and manufacturing center in the province of Svay Rieng.
5.
Bavet was selected for inclusion in LCIP due to its close proximity to the border of
Vietnam, its continued growth of trade activities, and the influx of migrant workers resulting in
the expansion of settlement areas across many of its villages.
6.
The National Institute of Statistics (2012) defines “urban” as areas that meet the
following criteria: (i) total population more than 2,000 people; (ii) population density higher than
200 people/km²; (iii) percentage of employment in agriculture (male and female) less than
50%. Following this classification, in Bavet, 1 Sangkat (Sangkat Bavet) and 4 Villages (Ta
Pov, Ta Boeb, Bavet Kandal, Bavet Leu) are defined as urban. The project will focus on these
areas as a priority.
Figure 2: General City Location
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Figure 3: Current Administrative Status
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2.

Population Growth and Future Spatial Development
Population Growth

Current population. Based on the General Population Censuses6, in 2019 the
7.
population of Bavet represented 8.1% of the province’s population. Its population has
increased from 30,759 in 1998 to 37,123 in 2008 and 42,546 in 2019. Between 1998 and
2019, the population increased by 38%. A breakdown of the population from 1998 to 2019 is
outlined in the following Table.
Table 1: Census 1998, 2008 and 2018
Census 1998
Census 2008

Census 2019

Bavet (Municipality)

30,759

37,123

42,546

Svay Rieng (Province)

478,252

482,788

524,554

Cambodia

11,437,656

13,395,682

15,288,489

Projected population growth. The population growth by population type has been projected,
based on the adopted growth scenario as detailed in the Urban Scenario Report.
(i)

Permanent population contribution. Using the historical census data as a basis,
the population projection to 2040 for the city has been determined based on the
Average Annual Growth Rate (AAGR) 2015-2018 at the Village administrative level
(range of 0.2%-5.02% AAGR per Village).

(ii)

Temporary population contribution. As the city also accommodates temporary
migrant workers, the temporary population of the city has been computed based
on the AAGR of the official temporary population from 2014 to 2018 at the Village
administrative level (1.19% AAGR).

(iii)

Special Economic Zone (SEZ) workers’ contribution. No growth rate has been
proposed for the SEZ, however the creation of new SEZs is anticipated in the city
with new factories employing between 500-2000 additional workers. The SEZ
workers are included in the temporary population based on an estimation of 3,000
additional workers for 2025 and an additional 2,000 workers in 2030.

(iv)

Tourism contribution. The city also accommodates tourists, and the tourism
contribution has been computed using the Average Annual Growth Rate (AAGR)
from 2014 to 2018 of the foreign tourists (0.96%) and local tourists (3.46%).

8.
Based on the adopted AAGR, the total population in Bavet in 2040 is estimated to be
149,396 inhabitants. The projected population between 2020 to 2040, is presented in the
following table. This projection has been adopted for the master planning and feasibility stage.

6

Kingdom of Cambodia. Ministry of Planning, National Institute of Statistics. 2002. General Population Census
of Cambodia 1998. Final Census Results (2nd Edition).
Kingdom of Cambodia. Ministry of Planning, National Institute of Statistics. 2009. General Population Census of the Kingdom of
Cambodia 2008. National Report on Final Census Results.
Kingdom of Cambodia. Ministry of Planning, National Institute of Statistics. 2020. General Population Census of the Kingdom of
Cambodia 2019. Provisional Population Totals.
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Category

Table 2: Projected Population 2020-2040
2020
2025

2030

2040

Permanent Population

44,569

50,196

56,765

73,514

Temporary Population

387

411

436

490

SEZ workers

57,042

61,042

63,042

63,042

Tourists International population

3,733

3,916

4,109

4,522

Tourists Domestic population

3,853

4,600

5,491

7,827

Total population

109,583

120,164

129,842

149,396

9.

The figures shown below illustrates the projected population growth for Bavet city:
Figure 4: Temporary Projected Population 2020-2040

Figure 5: Projected Overall Population Growth

Future Spatial Development
10.
Existing Land Use 2018. Agriculture land use represents the biggest portion of the
city at 80.63%; followed by urban use at 14.91% (of which residential represents 8%,

6

industrial, 5%; commercial, 1% and transport, 3%), water, 1%, natural forest, 1.47% and open
space 0.07%.
11.
Land Use Master Plans for 2030. As shown in the maps below, a significant land-use
conversion, of approximately 61.11 km2, from agricultural to residential is proposed for 2030.
Agriculture land use will still represent the biggest portion of the city, 105km² or 51%, followed
by urban use at 94km2 (about 45.5%). Given the growth of population and built-up areas, it is
likely that some rural villages will transition to become “urban” within the next 20 years.
12.
The Land Use Master Plans for 2030, which has been developed by the Ministry of
Land Management Urban Planning and Construction (MLMUPC) is the official document for
the city development and was used as a basis for the development of the sector master plans
and this feasibility study.
Figure 6: Current Land-Use (based on the year 2015)

Source: MLMUPC, 2019 Land Use Master Plan. (Egis, 2021 - unofficial reproduction)
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Figure 7: Projected Land-Use for 2030

Source: MLMUPC, 2019 Land Use Master Plan. (Egis, 2021 - unofficial reproduction)

3.

Commercial/Industrial Areas and Activities

13.
Economic overview. Bavet is strategically located on the border between Cambodia
and Vietnam and benefits from a very dynamic commercial and industrial sector
14.
Industry. Due to its strategic location, Bavet hosts several SEZs for small and
medium-sized manufacturing industries. In 2019, 10 SEZs were in operation, employing
approximately 52,000 workers in total.
15.
Service sector and tourism. In 2018, about 14% of the main occupation was related
to the service sector. The opening of the cross-border trade in 1991 has enabled the growth
of trade activities and a growing influx of migrant workers into the area. The main features of
Bavet city center are large hotels, buildings, and commercial establishments that serve as
casinos for gaming and as recreational centers.
16.
Agriculture. Agriculture is still an important source of income for the population (5%
of the employed persons), occupying currently (year 2018) a total of 166 km2 or 80% of the
total area of Bavet.

8

Figure 8: Employment by Economic Sector

4.

Social and Gender Considerations

17.
Specific social considerations applicable to Bavet city are summarized in the table
below. Volume 15.1 – Social development, poverty, and gender describes in further details
these aspects.
Topic
Vulnerable
Persons 7

Education

Health

Gender

5.

Table 3: Main Considerations - Social and Gender
Main Considerations
In 2018, 243 persons or 0.6% of the permanent population were registered as
“vulnerable” in the Village databases.
239 persons have disabilities (0.55% of the total population)
Education facilities available:
17 state primary schools (36 pupils per teacher)
Three state secondary schools with 16 classrooms (22 pupils per teacher)
Two public high schools (43 students per teacher)
Health facilities available: 2 health centers, one referral hospital, two private
hospitals
Toilet: 95% of the population has access to a toilet, 3% of the population shares a
neighbor's toilet, 2% practices open-defecation.
Heads of households8: 12% of households (31% were FHH ni the population
sample taken for CCS survey) are headed by women (lower than the national
average, 22%)
Small business activities: Employing 25% of males, against 34% of females’
Farmers: 12% of females are farmers, whereas 22% of men are.
Housewife: 35% of FHHs is a housewife.
55% of women (including the female children) are responsible for fetching water
every day

Environment and Geography

18.
Location, geography, and topography. The close surroundings of Bavet are flat and
low lying (up to 10 m above sea level), dominated by agricultural lands, with sparse and
scattered grassland and shrub land (no forest). Seasonal precipitation affects the extension of
many surrounding water bodies and can cause flooding in 17 urban areas of the Bavet
municipality.

7

The National Social Protection Strategy for the Poor and Vulnerable (2011-2015) gives the following groups: infants and children,
girls and women of reproductive age, food-insecurity households and unemployment, people with disabilities, orphan children
and at-risk children and youth, victims of violence, abuse and exploitation, indigenous and ethnic minorities families of migrants,
veterans, and the elderly
8
Municipality data 2019.
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19.
Geology and soils. The geology of Bavet is characterized by young alluvium soils
made up of sediment deposits from rivers and streams. These are mainly finer sediments,
thus a high concentration of silt and clay is found in the ground. Alluvial deposits normally
result in infertile land, as observed around Bavet. Soil sampling was carried out during the
field survey and based on laboratory results, the soil can be classified as clay loam at the
landfill site and sandy loam at the wastewater treatment plant (WWTP) site. Over the four
hydrologic soil groups defined by the NRCS9, most of Bavet soils are classified as a group D
soil (D’s soils have the greatest runoff potential) according to the HYSOGs250m10 dataset.
This soil type has a high runoff potential.
20.
Protected areas. There are no protected areas or forests (such as National parks or
Wildlife sanctuaries) in Svay Rieng province. The dominating landscape in Bavet area is
urban, accompanied by agricultural land use (rice cultivation).
Public open spaces and recreational facilities. There are very limited and poorly
landscaped green open spaces in Bavet. Only one urban forest is found in Prey Chamkar
Konkoki and a potential green space (actually an Acacia plantation) area at Road 316D in
Tapov Village, Sangkat Bavet.
21.

Figure 9: National parks and wildlife sanctuaries of Cambodia

9 NRCS:Natural resource conservation service
10 Ross, C.W., L. Prihodko, J. Anchang, S. Kumar, W. Ji, and N.P. Hanan. 2018. Global Hydrologic Soil Groups
(HYSOGs250m) for Curve Number-Based Runoff Modeling. ORNL DAAC, Oak Ridge, Tennessee, USA.
https://doi.org/10.3334/ORNLDAAC/1566
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6.

Climate Change

22.
Temperature. The mean maximum temperature is 28°C, and the mean minimum
temperature is 22°C. Maximum temperatures above 32°C are common before the start of the
rainy season (May-October) and may rise to over 38°C. In the next decades, the number of
days above 35°C is projected to increase from 2-3 days per year to more than 10 days per
year11 by 2050 under RCP8.5. The average annual temperature is projected12 to increase by
0.9 °C by 2030, by 2.1 °C by 2050, and by 3.4°C by the end of the century.
23.
Rainfall. Based on the Climate Change scenarios, the maximum precipitation is
expected to increase by +5% (UNDP Scenario) by 205013.
Droughts. The Mekong River Commission State of the Basin Report14 concluded that
24.
droughts could potentially increase across the basin in the future due to the projected increase
in temperatures and changes in rainfall patterns.
25.
Extreme weather events. There is a growing level of consistency between global
climate models which infer that the frequency of tropical cyclones is likely to decrease by the
end of 21st century 15. However, the strength of these events will worsen, with an increase in
precipitation intensity and wind speed 16, 17. Based on MPWT’s in-house software for
determining the magnitude of flood risk, the Flood Risk Management Interface (FRMI),
classifies NR1 as being at medium risk of flooding with the only source of flood risk related to
large-area flooding. In addition, the national roads 316A and 316B are classified at high for
flooding.
26.

Natural hazards applicable to Bavet.
(i)

Projected increase in rainfall intensity. The projected trend will result in a small
increase in the amount of water that will need to be moved via the proposed
drainage improvements. The proposed site for the WWTP is currently subject to
flooding of up to 0.5 m. Infrastructure will need to be designed to withstand periodic
flooding. Both the existing dumpsite and the identified alternative location for the
landfill areas not subject to flooding. This is not likely to change, given the projected
rainfall increase.

(ii)

Sea level rise. As Bavet is located on the upper reaches of the Mekong Delta, the
city is likely to be impacted by sea-related flooding if the sea level increases by
more than 0.8m above the current sea level. However, it is not likely that a sealevel increase of this magnitude will occur in the next 20 years18. The expected
increase in sea level could result in a flood duration larger than the ones currently
observed (water will take more time to be drained off due to a lower hydraulic
gradient between in-land and sea).

11 Katzfey, J. et al, 2013. Climate change projections for Mondulkiri and Koh Kong Provinces in CamboDia
12 C. McSweeney, M. New, G. Lizcano, Cambodia Climate Change Profile Oxford University, 2008.
13 Refer to climate change vulnerability analysis report, Volume 10 of the feasibility study.
14

The Mekong River Commission 2019. State of the Basin Report 2018. The Mekong River Commission, Vientiane Lao PDR.
15 Chand, S.; Tory, K.; Ye, H. & Walsh, K. (2016), 'Projected increase in El Niño-driven tropical cyclone frequency in the Pacific',
Nature Climate Change 7.
16 Kang, N.-Y., and J.B. Elsner. 2015. Trade-off between intensity and frequency of global tropical cyclones. Nature Climate
Change.
17 Knutson, T.R., McBride, J.L., Chan, J., Emanuel, K., Holland, G., Landsea, C., Held, I., Kossin, J.P., Srivastava, A.K., and Sugi,
M., (2010), Tropical cyclones and climate change: Nature Geoscience, v. 3, p. 157-163.
18 Katzfey, J.; Jiao, X.; Suppiah, R.; Hoffmann, P.; Nguyen, K. C. & Poun, S. (2013), 'Climate change projections for Mondulkiri
and Koh Kong Provinces in Cambodia', Technical report, CSIRO, Australia.
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III. SECTOR POLICY AND FRAMEWORK
1.

National Agency Responsible for the Stormwater Sector

27.

The mains agencies responsible for the wastewater sector are presented in the table

below.
Table 4: Agency Responsibility for Stormwater/Drainage
Authority
Main responsibilities
Ministry of Public Works and Transport Leading actor to enhance the management of the
(MPWT)
systems: lead the policy-making, coordinate with all
stakeholders, prepares technical standards on
construction, management, and operation and
maintenance
Ministry of Environment (MoE)
Prepares the discharge standard, and effluent standards
Ministry of Interior (MoI)
Supports, coordinates, and promotes the management
of drainage and WWTP systems.
Supports the subnational administration (SNA) in the
implementation of decentralization
Ministry of Water Resources and Monitors and manages all activities related to water
resources and meteorology, and plays key roles in the
Meteorology (MOWRAM)
mitigation of water-related hazards
Ministry of Land Management, Urban Cooperates with relevant institutions on the
development of plans for key infrastructure required in
Planning, and Construction (MLMUPC)
the city.
Municipal and district administrations
Manage the drainage & wastewater treatment system:
construction, O&M, fee collection,
Provincial Department of Public Works Participates in the preparation of the master plan,
and Transport
Provides recommendations and support for the
planning, implementation and operation of public
infrastructure (including urban infrastructure).
Provincial Department of Environment
Participates in the preparation of the master plan,
Provides recommendations and support related to
discharge and water pollution

2.

Stormwater and Drainage Sector Policies and Regulations

28.

The policies and regulations concerning stormwater management are listed below:
(i)

Royal Decree on Creation and Designation of Protected Areas 1993, which
aims to protect the environment, manage natural resources, conserve biological
diversity, and ensure sustainable development in the national system of protected
areas.

(ii)

Law on Environmental Protection and Natural Resources Management,
December 1996, which emphasizes the protection of environmental and natural
resources and provides due consideration to environmental impact assessment,
natural resource management, sustainability and conservation, public participation
and suppression of any acts that may contribute harm to the environment.

(iii)

Sub-Decree 27 on Water Pollution Control, April 1999 aims to regulate the
water pollution control to prevent and reduce the water pollution of public water
areas to protect human health and conserve biodiversity. The sub-decree applies
to all activities that cause pollution of the public water areas and provides a
standard for “water Quality Standard in public water areas for biodiversity
conservation”.
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(iv)

Sub-Decree 235 on the Management of Drainage and Wastewater Treatment
System, November 2017 regulates the drainage sector. It aims to improve the
management of the drainage system and wastewater treatment system in an
effective, transparent, and accountable manner to ensure safety, public health, and
biological conservation. It enforces decentralization and the transfer of the function
on O&M to the local administration. The following table presents a summary of the
roles and responsibilities based on sub-decree 235. Arrangements for drainage is
similar to the arrangement for wastewater and stormwater.

Sub-function
Planning
Budgeting
Contracting
Implementation
Support & coordination
Monitoring & oversight
Evaluation
Education

Table 5: Roles and Responsibilities by Agencies
MPWT
MEF
MoE
XXX
XX
XXX
XXX
XXX
X
XX
XX
XXX
XX
XXX
XX
XXX
XX

Bavet MA

XX

XX

Note: XXX Lead institution; XX some involvement; X little involvement

(v)

Sub-Decree 182 on the Functions and Structure of Municipal Administration,
December 2019, consolidates the responsibility and accountability on the
operation and management of city assets and services to the Municipal
Administration under the Public Works, Transport, Sanitation, Environment and
Public Order Office (PWTSEPO). Further details on the institutional arrangements
for stormwater/drainage management is provided in Volume 8 – Institutional
Strengthening Plan, however, under sub-decree 182, stormwater services falls
under the mandate of the Municipal Administration, through the PWTSEPO.

29.
In addition, a legal framework on water resources is progressively being built and
implemented. The Law on Water Resources was published in 2007 which refers to the
following:
(i)

Water management shall be an integrated water resources management.

(ii)

The Ministry of Water Resources and Meteorology (MOWRAM) shall define the
standard of data exchange. These data shall be provided for free if it is for public
benefits.

(iii)

A national water resource plan shall be prepared by the MOWRAM.

(iv)

The MOWRAM defines the flood protection areas.

(v)

Servitudes for public purposes can be established for wastewater, sewage water,
and drainage, and it should be applied by the landowners. Compensation is
possible.

30.
In the application of this law, Sub-decree 98 on River Basin Management was
established to:
(i)

Define the composition and roles of the River Basin Management Committee at
the national, municipal and provincial level.

(ii)

The role at the national level is to develop guidelines to prepare the master plan
and to monitor its implementation.
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(iii)

The role of the municipal/provincial level is to plan for the management,
conservation, allocation, rehabilitation, and development of the river basins.

(iv)

Different timeframes are defined in the sub-decree: 10 to 15 years duration for the
master plan, 3 to 5 years for the strategic plan, 1 to 3 years for the action plan.

31.
Bavet Municipality forms part of the Region 6 – of the River Basins within the
Southeastern Region. Its river basin is Tonle Valco basin n°36. The Municipal Administration
(MA) is not associated with any River Basin Management Committee, as this has not been
created yet.
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IV. EXISTING DRAINAGE SYSTEM AND SERVICES
1.

Service Area Coverage

32.
Existing drainage system. Bavet has more than 20 km of the open channel network.
The size and depth of these channels vary between 2 and 4 meters wide and from 1 meter to
3 meters deep. The open-channel network is considered as the main drainage infrastructure
for the city. This network is the outfall of some drainage/sewerage pipes.
33.

A map showing the layout of the existing system is provided in Figure 12.

34.
During field investigations, it was noticed that there were some buried circular pipes or
u-drains, however, these lines are mainly being implemented by private areas developers and
not implemented as part of an overall city drainage strategy.
35.
Service consistency. There is currently no long-term integrated strategic plan for
stormwater. A series of primary drains that will allow for the connection of other secondary
drains at a later stage is being constructed under the ADB funded Greater Mekong Subregion
Southern Economic Corridor Towns Development Project (GMS 1).
36.
The implementation of new buried pipes and U-shaped drains, as carried out by private
developers as mentioned earlier, does not appear to follow an overall strategy and is carried
out without any long-term considerations (i.e. implications of future development).
37.
Service quality. Recurrent floods are reported by residents and local authorities. The
capacity of the main stormwater channels is not sufficient to ensure proper drainage of the city
center.
Picture 1: Area Flooded Observed during Field Investigation lead on the October 1st, 2019 in
Bavet City (Upper part: Casinos Entrances Flooded; Lower: Northern Low-Elevation Area
Flooded)
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38.

The assessment of the drainage canals identified the following issues:
(i)

Blockage. Some key canals are totally blocked, leading to an incapacity to drain
the collected water from the secondary network. This is notably the case at the
cross points under National Road No°1. Some primary channels are clogged
(garbage or construction materials), with no other possible release point in the
surrounding areas, leading to flooding areas in the city. Outlets of the drainage
system are sometimes obstructed by new constructions (or construction materials).
Some primary channels are also blocked by garbage or construction materials.
With no other possible release point, this results in flooding in the city.

(ii)

Vegetation. Due to the low flow in the canals, especially during the dry season,
plants and algae overgrow the banks. This leads to a reduction in the flow capacity.

(iii)

Water Quality. The water quality in those open channels is poor, especially during
dry periods of the year when the wastewater becomes pure sewage.
Picture 2: Ta Pov River – Solid Waste Blockage

(iv)

Wrong connections of the drainage network. Some new lines constructed are
not appropriately connected. Wrong connectivity occurs either on the network
structure or on household connections. For instance, lines 1-1 and 1-2 built under
GMS1 discharges flow into an existing open channel. However, the open channel
used as a discharge is not the rehabilitated open channel that was carried out by
the project. Also, the primary drainage system is not properly used (secondary
drains are not always connected to it). Above all, the stormwater drainage network
is often used to release wastewater, as households and other institutions are
connected to the drainage network, which increasesenvironmental and health
issues.

(v)

Outlets of the drainage system are sometimes obstructed by new
constructions (or construction materials)

(vi)

Catch pits grids are too small to carry properly the stormwater runoff.

(vii)

The development of casinos and hotels has led to a rapid increase in soil
imperviousness. This quick change across time of the imperviousness, without
an integrated long-term strategy for stormwater management, leads to flooding
issues. In Bavet case, these difficulties are found in the area located close to the
border checkpoint.
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39.

2.

The collected flow in the canals is discharged at the following outlets:
(i)

Ou Ta Pov River. Located in the south of Bavet, this stream is the main collector
of all the canals situated in the south of National Road No°1. The upstream of this
stream is treated wastewater coming out of Manhattan SEZ.

(ii)

Open spaces and agricultural areas. Open channels are also used for irrigation
purposes. Some of it is then entirely discharged into agricultural lands.

Catchment Overview

40.
The majority of the total land area of Bavet is affected by intermittent flooding during
the rainy season (June to November, with peaks from September to October). The natural
drainage of Bavet is governed by its topography which is relatively flat and it is influenced by
the open earthen channels.
41.
The following map shows the splitting of the main natural catchments from topography
analysis and associated tributary streams/rivers.
Figure 10: Hydrological Context
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3.

Downstream Constraints

42.
Based on the information collected during the topography survey, spatial analysis has
been made to identify the ability of the land to drain stormwater by gravity. The analysis has
been based on two main sources of information:

43.

(i)

Aerial drone survey (black-hashed areas on the map opposite). Accuracy: X/Y =
+/- 0.25m; Z = 0.1m

(i)

SRTM from USGS (on all the other areas). Accuracy: X/Y = +/- 30m; Z = +/-1m

1 From the topography available, the following river water elevations were estimated
(i)

River “Ta Pov” :Value = 1.5m;

(ii)

Stream releasing water into the Ta Pov river: Value = 1.5m.

It is commonly agreed that below a certain slope (0.003 m/m to 0.001 m/m) it becomes
44.
difficult for construction contractors to guarantee the slope during construction.
45.
From these values and the best topographical information available for a given area,
a map of areas able to be drained by gravity could be established.
46.
For all the areas highlighted in red on the map below, the stormwater drainage cannot
be easily operated with classic gravity drainage.
Figure 11: Areas able to be Drained by Gravity (Results of Topographical Modeling)
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4.

Ongoing and Planned Investments

47.

The urban drainage network in Bavet has been developed by three main actors:
(i)

Ministry of Public Works and Transport (MPWT) started the construction of the
drainage network in 2018 in the city center. The constructed network has a total
length of 1.6 km and the total planning length is 3.5 km (length measured on project
drawings) at the horizon 2020.

(ii)

ADB has contributed funds to expand the drainage network though the
construction of about 12km of buried box culverts and pipes under the GMS1
project. This project includes two main components:

(iii)

(a) Road drainage improvement: Construction of lines on both sides of the
national road no.1. to limit the risk of flash flooding along the road. These lines
are mainly U-drains, buried-circular pipes and small box culverts.
(b) Urban drainage improvement: Construction of several lines along secondary
streets emerging perpendicularly from the national road no. 1. These lines are
mainly buried box culverts. Lines located at the north of national road no. 1
flows to the north in direction of the Vietnamese border. Lines located at the
south of the national road no. 1 flows to the South direction to Ou Chhrov river.
Private Property Developers develop their own network in several private
residential areas (especially the area located close to the border checkpoint where
casino are being developed). As-built drawings of the existing drainage could not
be retrieved (mapping/routing not available) to determine the drainage routes.

48.
The following pictures and map show the progress of the construction under GMS 1,
observed during field mission and the alignment of the GMS1 stormwater drainage line.
Picture 3: GMS Double Box Culvert Line
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Picture 4: Line 1-1 and Line 1-2 under Construction as Observed during Aerial Drone Survey

Figure 12: GMS1 Lines under Construction

Note: On the picture above, “National project” means “Road drainage improvement project undertaken by MPWT”.
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V. DRAINAGE NEEDS ASSESSMENT
1.

Rainfall Intensities and Flows (Current and Future)

49.
Daily cumulated rainfall height measurements and rainfall intensity duration and
frequency (IDF) curves were acquired from MOWRAM (Svay Rieng station, Svay Rieng
province).
Figure 13: Monthly Average Precipitation and Daily Maximum Precipitation
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50.
For the long-term horizon (2040), the maximum one-day rainfall intensity is predicted
to be larger. An increase of 5%19 has been applied to all the rainfall intensities. The derived
RDF curve is given below:
Table 6: Rainfall (mm/h) for Various Durations and Return Periods under Current Conditions
Rainfall intensity (mm/h)
Rainfall intensity (mm/h)
No climate change considered
Climate change considered
Return
1-in-10
1-in-10
1-in-2 year 1-in-5 year
1-in-2 year 1-in-5 year
Period (y)
year
year
5 mins
185.2
218.5
242.6
190.7
225.1
249.9
10 mins
116.4
137.3
152.5
119.9
141.4
157.0
20 mins
73.2
86.3
95.8
75.3
88.9
98.7
30 mins
55.8
65.8
73.0
57.4
67.8
75.2
60 mins
35.0
41.3
45.9
36.1
42.6
47.3
2 hrs
22.0
26.0
28.9
22.7
26.8
29.7
3 hrs
16.8
19.8
22.0
17.3
20.4
22.6
4 hrs
13.8
16.3
18.1
14.3
16.8
18.7
5 hrs
11.9
14.1
15.6
12.3
14.5
16.1
6 hrs
10.6
12.5
13.8
10.9
12.8
14.2

2.

Estimated Flood Levels

51.
Flood situation. From meetings with MPWT/local representatives, some areas that
are frequently flooded were identified (see map on the next page). For Bavet, the area located
close to the border has been highlighted as critical.

19 Refer to Volume 11 - Climate Change Assessment and Natural Hazard Analysis
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52.
A recent flood map has been established by the National Flood Forecasting Center
(NFFC) under the GMS Flood and Drought Risk Management and Mitigation Project for the
flooding event that occurred on 17 October 2019. On this day, the cumulated rainfall was
118mm (recorded by Svay Rieng rainfall station), this is close to 121mm, which is equivalent
to a 1-in-5 year return period event (frequency analysis lead by MOWRAM).
53.
CCS findings. Based on this survey, it has also been estimated that 28% of the
population is experiencing flooding in their Phum (village) and 37% in their house at every
intense rainfall events. 18% of the population experience average flood depth between 20 and
30 centimeters (cm), and 24% between 30 and 50 cm. For the average flooding event, the
Phum is impacted for one day (14%) or more (43%). For the average flooding event, the village
is impacted during one day (14%) or more (43%). The maps below show a lot of flood spots
across the city's urban area (yellow points).
Figure 14: City Survey and Flood-Prone Areas Location
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Figure 15: Flood Extent Map

Source: NFFC, flood event recorder the of 17th October 2019
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3.

Level of Flood Protection

5 4.

There are no flood protection facilities available in Bavet.

55.
The existing drainage has a mitigation effect on the flooding event, however, these
facilities are not operated and maintained appropriately to be efficient.
4.

Waterbody Sensitivity in Outfall and Protection

56.
Due to the lack of gauging station, limited measurements and the absence of a precise
mapping of the existing network, the sensitivity of the urban drainage outfalls and urban
drainage network to the surrounding water bodies water level changes could not be
determined.
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VI. INVESTMENT ROADMAP SUMMARY
1.

Overall Strategy

57.
Urban flooding is a recurring problem for the central built-up areas of Bavet because
of the inadequate existing drainage. Some relief will be provided by the new drainage network,
which is being constructed along the national road in the central area, under the GMS1 project,
however other streets in the built-up area will likely continue to experience floods.
58.
Construction of new buildings such as hotels, shopping malls, casinos, and parking
areas will continue to cover the natural land with concrete, steel, and asphalt structures. Runoff
rates will increase from these impermeable surfaces and cause more localized flooding on
streets and around buildings in low-lying areas.
59.
The sector road map was defined during the master plan study stage by comparing
several development scenarios. The following technical scenarios were considered:
(i)

Scenario 1: Develop a drainage network with a capacity for a 1 in 2-year storm
intensity;

(ii)

Scenario 2: Develop a drainage network with a capacity for a 1 in 5-year storm
intensity; and

(iii)

Scenario 3: Develop a drainage network with a capacity for a 1 in 10-year storm
intensity.

60.
At a workshop held in Phnom Penh on 22 April 2020 with the MPWT, the Provincial
Government, and the Municipal Administration, it was agreed to design an urban drainage
network for a 1 in 5 year storm event, as per the National Road Design Standard (MPWT,
2003). It was also determined that this option would provide an affordable balance between
drainage infrastructure costs and reduced flood damage when compared to the other
scenarios.
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2.

Infrastructure Roadmap

61.
The table given below provides details on the general approach for delivering the
preferred scenario.
Step of the service
chain/ horizon
Rainfall
Runoff

Transport

Discharge

3.

Table 7: Sector Master Plan Strategy
Short-Term
Medium-Term
Long-Term
(2025)
(2030)
(2040)
Rainfall and storms continue.
1 in 5 year rainfall intensity estimated, runoff calculated from built-up
areas
Existing built-up area.
Built-up areas
Built-up areas
Pipes and channels
increase.
increase.
are constructed to
Pipes and channels
Pipes and channels
intercept and collect
are constructed to
are constructed to
runoff from streets
intercept and collect
intercept and collect
and built areas.
runoff from streets
runoff from streets
Rural areas with
and built areas.
and built areas.
existing natural
Options for green
Options for green
drainage
solutions to be
solutions to be
considered.
considered.
Rural areas with
Rural areas with
existing natural
existing natural
drainage
drainage
Pipes and channels
Newly built-up areas
Newly built-up areas
sized and constructed to the south and north and existing built-up
for flows up to a 1 in
of the central area are areas at Chipu are
5-year rainfall
provided with urban
provided with urban
drainage pipes and
drainage pipes and
channels
channels
Discharge directly to
Discharge directly to rivers. Possibility of green
rivers.
solutions or Best Management Practices to
reduce flow rates and improve water quality

Impact assessment

62.
The baseline assumes that there is no actual urban drainage network in Bavet (refer
to section 0). The indicators have therefore adopted 0% for the current situation
63.
Based on the proposed strategy, It is expected that by 2025, 17% of the population will
live in a drained area. This proportion will extend through the network development and will
reach a coverage of 86% in the long-term horizon, taking into account the population growth.
64.
As the drainage network will be mainly developed in the core city center in the short
term, it is expected that by 2025, 79% of the hotels will have access to the drainage network.
By 2040, 100% of the Commerce, 89% of the Hotels, and 76% of the institution will be located
in a drained area.
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VII.DESIGN CRITERIA AND STANDARDS
1.

National and Applicable Standards

65.
The design criteria selected for the stormwater system are based on the following
standards and guidelines:

2.

(i)

Cambodian road design standard: Cambodian Ministry of Public Works and
Transport 2003, Road design standard – part 3 Drainage.

(ii)

Technical Release 55 from USDA: USDA (United states department of
agriculture), Urban Hydrology for Small Watersheds, Natural Resources
conservation service, Technical release 55, June 1986.

(iii)

Recommendation from ASCE: Standard Guidelines for the Design of Urban
Stormwater Systems, Standard Guidelines for Installation of Urban Stormwater
Systems, and Standard Guidelines for the Operation and Maintenance of Urban
Stormwater Systems. ASCE/EWRI 45-05, 46-05, and 47-05. 2006.

(iv)

Open-channel design standard (or design criteria) released by MOWRAM20.

Design Storm
Design Recurrence Interval

66.
The National Road Design Standard for Cambodia recommends adoption of a 5-year
recurrence interval for road drainage design.21 At the sector master plan stage, four
alternatives were studied and a recurrence interval of 5 years was selected as the preferred
option. The feasibility study has therefore adopted a 1 in 5 year recurrence interval as the
standard.
RDF and Maximum Intensity
67.
RDF curves were provided by MOWRAM. They were established using Gumbel
extreme value analysis based on daily rainfall height logged from 1985 to 2019 (station: Svay
Rieng). The RDF Curve for Bavet city (without climate change consideration) is given below:

20 MOWRAM, 2013, Drainage design criteria
21 Cambodian Ministry of Public Works and Transport 2003, Road design standard – part 3 Drainage
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Figure 16: RDF Curve - Bavet (without climate change considered)
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Table 8: RDF Table - Bavet (without climate change considered)

Return Period (y)
10 mins
20 mins
30 mins
60 mins
2 hrs
3 hrs
4 hrs
5 hrs

1-in-2 year

Rainfall intensity (mm/h)
Without climate change
1-in-5 year

185.2
116.4
73.2
55.8
35.0
22.0
16.8
13.8

218.5
137.3
86.3
65.8
41.3
26.0
19.8
16.3

1-in-10 year
242.6
152.5
95.8
73.0
45.9
28.9
22.0
18.1
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Climate Change
68.
RDF curves used were provided by MOWRAM. They were established using Gumbel
extreme value analysis based on daily rainfall height logged from 1985 to 2019. The RDF
Curve for Poipet city (without climate change consideration) is given below:
Figure 17: RDF Curve - Bavet (with climate change considered)
300.0
250.0
200.0
150.0
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50.0
0.0
0
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1-in-10 year

Table 9: RDF Table - Bavet (with climate change considered)

Return Period (y)
10 mins
20 mins
30 mins
60 mins
2 hrs
3 hrs
4 hrs
5 hrs

1-in-2 year

Rainfall intensity (mm/h)
With climate change
1-in-5 year

190.7
119.9
75.3
57.4
36.1
22.7
17.3
14.3

225.1
141.4
88.9
67.8
42.6
26.8
20.4
16.8

1-in-10 year
249.9
157.0
98.7
75.2
47.3
29.7
22.6
18.7
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Design Storm
69.
Purpose of design storm: Design storm is used as a basis for pipe layout sizing and
design validation. The purpose of design storm models is to establish a hyetograph used as
input of the model to reproduce operation during a critical rainfall event.
Design storm used: The Chicago storm distribution pattern22 (also known as Kieffer
70.
design storm) has been used.
71.
Design storm parameters: The parameters of the design storms have been
established as follow:

72.

(i)

Peak ratio (r): There is no literature available for Cambodia. A peak ratio of 0.35
has been used as recommended by literature available for Vietnam.23

(ii)

IDF coefficients (a,b,c): The IDF coefficients are automatically derived by
PCSWMM software from the IDF curves provided by MOWRAM. These
coefficients are automatically used to set up the RDF curve.

(iii)

Rainfall duration (T): Chicago rainfall distribution is built considering a total
duration equivalent to the concentration-time of the overall catchment and with a
time step equal to the smaller concentration time of the sub-catchments. It’s
recommended to work considering a rainfall duration equals longer than the
smallest concentration-time identified. Considering this, a duration of 15 hours has
been selected.

The hyetograph of the design storm used for Bavet city is given below.
Figure 18: Design Storm Hyetograph

22 Kiefer, C.J and H.H. Chu. 1957, Synthetic storm pattern for drainage design. Journal of the Hydraulics division, ASCE. 84
(HY1).
23 Tuan Anh Nguye, Giovanna Grossi, Roberto Ranzi., 2008, Design storm selection for mixed urban and agricultural drainage
systems: A case study in the Northern delta-Vietnam,
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3.

Hydrology

73.
The hydrological model converts the design storm hyetograph into a hydrograph at the
sub-catchment outlet depending on the sub-catchment properties. The behavior of subcatchment is mainly conditioned by the soil properties and catchment physical properties
(slope, length).
74.
Hydrological model: The hydrological model used results from the combination of
several components. To have a consistent approach, all the methods used are based on the
“SCS” approach. They rely on the same parameter (CN – Curve Number). All these
calculations are based on the hydrological model defined as the “SCS method” (SCS standing
for Soil Conservation Service) developed by the USDA (United states department of
agriculture). This method is widely spread and used across the world and stated within the
guideline USDA TR-55.24
75.
The table below summarizes the assumptions made on the method used to compute
the different parameters:
Table 10: Hydrological Computation Methods used with PCSWMM Software
Loss method

Runoff method

The loss method is used
to compute infiltration.

Description of
the method
function

SCS loss method
computes an excess
rainfall height (in mm)
representing the
detention capacity of the
soil.

The runoff method is
used to compute the
runoff discharge
hydrograph.

When a storm event
starts, the runoff method
ignores the excess
rainfall height.
Name of the
method used

SCS CN

SCS UH

Time of concentration
The time of concentration
method is used to
compute the TC value for
each sub-catchment.
TC value represents the
travel duration from the
upstream part of the
catchment until the
discharge point.

SCS
• Curve number: Refer
to bullet point “CN value
selection” (see below)

Assumptions
on
parameters

• Curve number: Refer
to bullet point “CN value
selection” (see below)

• Curve number: Refer
to bullet point “CN value
selection” (see below)

• Sub-catchment
slopes: average slope
calculated from DEM.

• IA method: classic IA
method (0.2 S) is
considered [24].

• Peak rate factor:
Default value (483.4) is
considered [24].

• Sub-catchment flow
length: derived from
DEM data analysis using
ArcGIS spatial analyst
extension tool “Flow
Length”.

76.
CN value selection: Curve number is the main parameter of SCS methods. The
values of CNs are determined by 2 factors: coverage type and soil group.

24 USDA, Urban Hydrology for Small Watersheds, Natural ressources conservation service, Technical release 55, June 1986.
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Coverage type: USDA TR-5525 provides typical values of curve number depending
77.
on the coverage types. On the cities studied, the coverage types are determined from landuse 2030 datasets to take into account future imperviousness increase (due to urban spread).
For Bavet, the CN selected for each land use categories (based on Land Use Master Plans
for 2030) is outlined below.
Table 11: CN/land-use type equivalences – Bavet City
Landuse type
2030
Agricultural
(Unclassified)
Commercial

Hydrological soil
group
A
B
C
D

Cover type (according to TR55 SCS)

49

69

79

84

Category "Pasture - Fair condition" - TR55 table 2-2c

89

92

94

95

Category "Commercial and business" - TR55 table 2-2a

Industrial

81

88

91

93

Category "Industrial" - TR55 table 2-2a

Institutional
Public open
spaces
Religion and
culture
Residential
(Unclassified)

51

68

79

84

Category "Residential district - 1/4 acre" - TR55 table 2-2a

68

79

86

89

Category "Open space - poor conditions" - TR55 table 2-2a

51

68

79

84

Category "Residential district - 1/4 acre" - TR55 table 2-2a

61

75

83

87

Category "Residential district - 1/4 acre" - TR55 table 2-2a

Transportation

83

89

92

93

Category "Impervious areas - Streets and roads - Paved/open
ditches" - TR55 table 2-2a

Note: In the table above “TR-55” refers to USDA TR-55 [25]

Source: Egis, 2020

78.
Hydrological soils group: (dataset HYSOGs250m, available for the whole world with
a 250m resolution)26. In the city studied, all the city is covered by soil types C or D.
79.
Sub-catchment flow length: The flow length has been derived from DTM data using
ArcGIS spatial analyst extension tool “Flow Length”.
80.
Sub-catchment average slope: The average slope is calculated manually for each
sub-catchment. The average slope along lateral drainage lines is considered.
81.
Sub-catchment delineation. Depending on the context, different catchment
delineation methodologies can be considered.
(i)

Automated delineation: The catchment boundaries are derived from ArcGIS spatial
analyst watershed delineation tool.

(ii)

Manual delineation: This approach is used when topographical data is not sufficient
to delineate automatically the different catchments.

(iii)

(option not selected) Automated delineation with restriction to urban areas:
Watershed automatic delineation is used to delineate catchments but only areas
located in dense urban areas are considered

82.
Manual catchment delineation has been considered. Automatic delineation is still used
as a basis, however, a manual delineation has been carried out to make the design consistent
with the local constraints related to land acquisition (to avoid catchment boundaries located
onto buildings).

26 Ross, C.W., L. Prihodko, J. Anchang, S. Kumar, W. Ji, and N.P. Hanan. 2018. Global Hydrologic Soil Groups (HYSOGs250m)
for
Curve
Number-Based
Runoff
Modelling.
ORNL
DAAC,
Oak
Ridge,
Tennessee,
USA.
https://doi.org/10.3334/ORNLDAAC/1566
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4.

Network

83.

Slope:
(i)

Minimal slope: a minimal slope of 0.002m/m is usually affordable for construction
companies. However, depending on the gradient locally available (according to
topography), lower slopes might be considered. This approach was validated by
MPWT during the meeting held on 04th of June 2020 at the MPWT office.

(ii)

The following Manning-Strickler coefficients were used depending on the material
considered.27
a) Concrete: n=0.025
b) Earth: n=0.015

84.
Invert level maximal depth: The maximal depth considered for box culverts is 4m to
prevent extra costs. Compared to the wastewater network (refer to Volume 03), this is
technically possible as long as lower minimal slopes are tolerated (no limit for the lowest slope
considered, refer to the previous paragraph for explanations).
Circular Pipes
85.

Velocity: Maximal velocity: From 3 to 4.5 m/s to prevent scouring.

86.

Material: Concrete pipes are considered.

87.
Geometry: The following standard internal diameters are considered for concrete
pipes (type 135A): Ø300mm, Ø400mm, Ø500mm, Ø600mm, Ø800mm.
88.
Maximal size: The maximal internal diameter considered for pipes is Ø1200mm. If the
capacity of such pipe sizes is not met, the circular section would be replaced by trapezoidal
open-channel and box culverts.
89.
Level of filling: For circular pipes, a maximal level of filling of 80%, the design is made
to not produce any overflow.
90.
Depth of cover: At this stage, the minimal depth of cover selected is 0.3m in all
configurations (e.g., road/footpath). This could be reviewed at the detail design stage
depending on the use of the surface terrain (weights of the vehicles commonly transiting over
the road).

27 MOWRAM Drainage Design Criteria
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Underground Box-Culverts
91.
Number of cells. At this study stage, the selection of the number of cells depends on
the depth available. For a given section required to carry a design flow (computed through
hydrological modeling) if a single box-culvert has a sufficient section and respects the
constraint of maximal depth, then this structure is preferred. However, if the maximal depth
condition is not met, a double box-culvert will be preferred instead.
92.

Velocity: Maximal velocity: From 3 to 4.5 m/s to prevent scouring.

93.
Standard geometry: The table given below provide details of standard dimensions
commonly used in Cambodia (for instance, used in GMS1 and GMS2 ADB projects).
Figure 19: Standard dimensions of GMS1/GMS2 projects – box culverts

94.

Maximal size: A maximal width of 3m and a maximal height of 2m is considered.

95.
Depth of cover and design loads: A minimal depth of cover equal to 0.3m is tolerated
for box-culvert as long as the concrete class used is designed to support the appropriate
mechanical constraints. This has to be considered at the detail design stage.
96.
Level of filling: For box culverts, a maximal level of filling of 90%, the design is made
to not produce any overflow. Because box culverts are considered as closed conduits, no
minimal freeboard value is considered.
97.
Safety grills: Safety grills are provisioned at the entrance of box culverts to avoid
people going inside the drainage system.
Earth Open-Channels
98.
Geometry (cross-section): The section of open channels and box culverts is
determined according to the “Best hydraulic section” method.
(i)

Box culverts: The width range considered for box culverts is 1m-3m. The height
range considered is 0.8 – 2.5m

(ii)

Open-channels: Open-channel starting with minimal width equal to 4m and minimal
depth equal to 1m are considered.

99.
Best hydraulic section: the following formulas allow calculating the best hydraulic
section (best flow conditions with the smallest channel section)
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Table 12: Best hydraulic section calculation – open-channels

With:
(i)

P = Wetted perimeter (in m)

(ii)

T = Canal top width (in m)

(iii)

A = Canal cross-section area (in m²)

100. Geometry: The geometry for trapezoidal open channels is customized for each
channel in order to optimize the sizes of the open channels.
101. Side slope: The side slope of the channel is selected according to the type of soils
where the trench is dug:
Table 13: Recommended side slope

Maximal velocity: For open-channels, maximal allowable velocity is fixed in the table
below depending on the material considered:
102.

Table 14: Maximal velocity recommended for trapezoïdal open-channels

103.

Minimal freeboard:
(i)

ASCE28: recommends a minimal freeboard of 0.30m

28 Standard Guidelines for the Design of Urban Stormwater Systems, Standard Guidelines for Installation of Urban Stormwater
Systems, and Standard Guidelines for the Operation and Maintenance of Urban Stormwater Systems. ASCE/EWRI 45-05, 4605, and 47-05 . 2006
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(ii)

US Department of transportation (NHI – 2013): recommends a minimal freeboard
of 0.15m

(iii)

MOWRAM Drainage design criteria recommend a minimum freeboard of 0.5m

104.

To comply with local guidelines, a minimal freeboard of 0.5m has been considered.

105. Lining. The use of lining has not been considered, and the side slope was selected
according to “Table 16: recommended side slope”, which defines side slope without
considering lining. The local soils are highly impervious and mainly made of loam and clay.
According to the table, a minimal side slope of 1m:1.5m can be considered. Also, open
channels can be used in rural areas,
106. Flap valves and sluicegates. Sluicegates are not proposed. The primary drainage
has been designed with a high water level in rivers (1.5m) and without sluicegates/flap valves
(this would have required a pumped network, not accepted by local authorities that are
reluctant to pay for energy and operation costs).
U-drains
107. The design criteria for U-drains are considered identical to Box Culverts except on the
design parameters relying on coverage height.
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VIII. TECHNICAL OPTIONS ASSESSMENT
1.

Proposed Options

108. This section provides an assessment of the different technical options available for the
stormwater drainage network.
109. It should be noted that at the master plan stage, the following parameters were
adopted:
(i)

The design recurrence interval is five years according to the Cambodian Road
Design Standard and the scenario selected at the master plan feasibility study
stage.

(ii)

Climate change is considered. The changes integrated into the model are taken
from horizon 2060 (the RCP’s scenarios projected data are only available for
2030 and 2060 horizons) and assimilated to long-term changes (at the master
stage, the long-term horizon is 2040).

(iii)

A rainfall duration of 15 hours,

(iv)

Manual catchment delineation is considered. Automatic delineation is used and
adjusted manually to be consistent with the local constraints

110. At this feasibility study stage for Bavet city, the following technical parameter were
considered:
111. Flow direction. Several approaches have been followed to establish the flow
direction.
(i)

Flow following natural paths: The flow direction is determined by the natural slope;

(ii)

Flow following artificial paths. The flow direction is established artificially by playing
with drainage lines over-depths.

112. Drainage line section. Depending on the spatial context, four types of line sections
have been considered.
(i)

Circular pipes

(ii)

U-Drains

(iii)

Box culverts

(iv)

Open-channels

113. Retention ponds. Due to the low land area available in Bavet city center, the use of
retention ponds to manage stormwater is not recommended. However, the use of retention
ponds and other water-sensitive designs remain possible at mid-term and long-term horizons
or for specific development and urban renewal projects.
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114. Section. The cross-section type selection relies on the location of the line considered.
In urban areas, Circular pipes, U-drains, and Box-Culverts were considered. The common
point between these sections is that they have a minimal impact on the surrounding urban
spaces. Circular pipes and box-culvert are buried and thus have a minimal impact on land
after their implementation. The table below makes the comparison between the 3 types of
sections considered for drainage lines within the city extend.
Table 15: Urban area drainage line type – option comparison
Options
description

Box culverts

Circular pipes

U-drains

PROS

The
connection
between secondary and
tertiary lines is easier.
- Fewer areas required (a
road can be created
above the box-culvert)
- No risk of solid waste
release from surrounding
householders.

- The connection between
secondary and tertiary lines
is harder.
- Less expensive
- No risk of solid waste
release from surrounding
householders.

- The connection between
secondary and tertiary lines
is easier.
- Less expensive than
buried pipes or box
culverts.

- More expensive

- More space required for
implementation
- Because the level is
higher, the connection is
harder to implements (less
slope available)

- Risk for solid waste
release from surrounding
householders.
More
land
space
consumed compared to a
box-culvert (U-drain is not
buried).

CONS

115. In Bavet city, all the flow computed for urban areas are higher than the maximal circular
pipe section accepted for the design in the current study (nominal diameter of 1200mm). Only
U-drains and box-culvert have been used.
116. In rural areas, trapezoidal open channels are selected. Because the shear stress
remains low (due to low flow speeds), the lining is made from in-situ and available materials.
The table below makes the comparison between the different types of sections possible for
rural areas. In rural areas, provided ground space is available, trapezoidal open channels have
been selected to keep the data available.
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Table 16: Rural area drainage line type – option comparison
Options
descriptions

PROS

CONS

Box culverts

Trapezoidal open-channel

- The connection between secondary
and tertiary lines is easier.
- Fewer areas required (a road can be
created above the box-culvert)
- No risk of solid waste release from
surrounding householders.

- Less expensive

- More expensive

- Risk of solid waste release inside the
open-channel.
- The trapezoidal shape requires more
ground surface.

117. Material type. For box culverts, concrete material is considered. For open channels,
natural ground material is preferred because it is cheaper and the local soils are stable enough
to consider acceptable side slope (less than 1.5m:1m, refer to section VII.4.3 for details).
118.

Summary. The following options are recommended:
(i)

Selection of cross-section type. The drainage line located in the urban area is
proposed to be box culverts. Their location requires a high capacity to drain the
stormwater of the city. Mainly for implementation cost reasons, it has been
proposed to not cover the entire 2040 urban area with a box culvert. Out of the
actual urban built-up area, it is therefore proposed to build open channels and to
rehabilitate the existing canals. This cross-section type might be changed
according to further city urban development.
There is one exception where U-drains have been used in semi-urban area (see
Figure 21 below).

(ii)

2.

Selection of material. Because rectangular cross-sections cannot be built with
earth material, the use of concrete is selected. The open-channels are built from
the actual earth available onsite (section Rehabilitation of Open Channels page
55)

Drainage Layout

119. The network layout is critical for the conception of a drainage network. Two approaches
can be considered:
(i)

Drainage network following the natural flow paths (strictly directed by the
topography)

(ii)

Drainage network following artificial flow paths (not completely constrained by the
topography)
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120.

The table below makes the comparison between the two options:
Table 17: Comparison of drainage layout options
Option 1
Use of natural drainage

Option 2
Use of artificial drainage

PRO

Best option to warranty the
capacity
of
downstream
networks. However, the capacity
of the downstream must be
checked.

Best compromise between feasibility
of downstream networks connections
and length of drainage to be
developed

CONS

The distance required to reach
natural drainage might be longer
than the distance required to
reach the closest artificial
drainage.

The recalibration of downstream
channels/networks can be expensive
to connect new catchments.

121. In Bavet, the choice of using natural drainage has been made because other technical
options are not possible. For instance, the drainage of catchments located at the north of the
national road no. 1 towards the south is not possible. It could be done considering a shortterm approach but it is technically not possible if the city expands to the Vietnamese border
as planned in the urban master plan (slopes will be too low to drain the water towards the
south, requiring large open-channels / box culverts within the city center, where the landpressure is strong).
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IX. INVESTMENT LOAD ADJUSTMENT
122. Based on the preferred scenario as outlined in the Master Plan and the above options,
a Comprehensive Technical Options (CTOP) for the short-term horizon was prepared,
however, as (i) the CTOP provides more accurate information on the technical feasibility (size
of the lines, the possibility to use the lines proposed under GMS1), the number and the total
length of drainage lines have been increased, and (ii) the unit price was updated according to
the latest information provided; the total amount of the work proposed has been slightly
modified ($33 Million at MP stage against $30 Million at feasibility study stage)
123. The map below summarizes the infrastructures proposed to fit with the requirements
defined for the short-term horizon at the master plan study stage (the zoning is presented in
section 0 ).
Figure 20: Initially Proposed Stormwater Drainage Infrastructure

124. In order to meet the total budget available for LCIP for the three cities, a selection of
the priority areas was made during the meeting held on Friday, 14 August 2020, at the MPWT
office.
125. It was agreed for line Out_01, which represents a significant investment but will serve
only a limited number of inhabitants, to be taken out. The proposed complement of drainage
lines on the GMS1 catchment (outfall n°2) was also considered to be of lower priority than the
border area and has also been removed out of the scope. To limit the cost of implementation,
the U-drain line is proposed to replace the box culvert lines in the not yet built-up area.
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126. Figure 21 shows a general layout for the proposed urban drainage network. The subcatchments linked to each outfall are represented on it and have been determined based on
topography data collected during the aerial drone survey.
Figure 21: Proposed Urban Drainage Network – General Layout

127. The technical details, including the CAPEX, and OPEX estimates for the preferred
scenario are presented in the next section.
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X. SELECTED OPTION
1.

Overview

128. The study area covers a vast surface of approximately 1,241 hectares. The topography
is characterized by slight slopes, and the urban part of the study area includes a high-density
built-up area.
129. Based on the assessment carried out to date, an urban drainage network is required
to service Bavet City. From the assessment of the technical options, it was agreed that:
(i)

In urban areas, box culverts and u-drains will be used to limit the implementation
of infrastructure inducing surface constraints affecting urban development. The
depth and width of the proposed box culverts will allow storage and slow drainage.
Circular pipes are not recommended because they do not provide sufficient
drainage capacity for the flows considered.

(ii)

In rural areas, the irrigation canal system is well developed for Bavet. It is
proposed to enlarge those existing trapezoidal earthen open channels. This
drainage solution fits with the actual land use. In the future and as urban
development will grow, it might need to be replaced with box-culverts. The
maintenance will have to be increased to clean the mud deposit and ensure the
drainage lines capacity.
Table 18: Catchment Summary
Subcatchment
Stormwater system

Catchment n°

Quantity

Total Area
(ha)

03
04
TOTAL

12
21
33

388
301
689

Length
(m)

Average slope
(%)

5,750
3,975
9,725

0.06
0.06
0.06

Outfalls
discharge
peak
(m3/s)
27
39
66

130. 2 The table below summarizes the total length of box culverts and open channels in
each catchment.
Table 19: Line Length Summary
Catchment n°

Trapezoidal open channel
[m]

Box culvert
[m]

U-Drains
[m]

03
04
TOTAL

4,633
2,200
6,834

1,117
746
1,863

1,029
1,029

131. On all the catchments of the outfalls no°03 and no°04, it is proposed to rehabilitate
6.9km of an existing canal, to create 1.5km of box culverts, and 1km of U-drains.
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2.

Infrastructure Requirements
Topography

132. The topography is characterized by slight slopes (less than 0.06%), and the urban part
of the study area includes a high-density built-up area.
Figure 22: Proposed Infrastructures – Average Slopes

Outfall OUT_03 and Upstream Catchment
133. The catchment no°03 is located in the south part of the National Road n°5. The outlet
of the proposed drainage lines is the Ta Pov River. The overall size of the catchment is 490ha,
with a densely built-up area in the upper part. The remaining land cover is mainly paddy rice
fields. Figure 23 and Table 20 present the main catchment characteristics.
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Figure 23: Stormwater Catchment 03 – Proposed Lines

Table 20: Outlet 03 – Catchment Characteristics
Catchment no. : 03
Unit
Outfall name: OUT_03
Overall catchment area
Ha
Population estimated in 2018
inhabitant
(estimated from building count)
Average surface slope - overall catchment 2040
m/m
Global curve number
no unit
Upstream network length – to be developed by 2025.
l.m.
Maximal flow at the discharge point – according to 2040
operation conditions.
m3/s
(it is considered that the whole upstream catchment is
connected)

Value
490
1,898
0.0006
84.9
5,750
27

134. The global curve number is relatively high (above 80). The combination of urban
surfaces (including projected changes as per the Land Use Master Plans 2030) and clay soils
lead to high imperviousness and high runoff peaks when rainfall event occurs.
135. The average slope of the proposed box culverts in the casino area (buildings adjacent
to the national road no. 1 on the last 1000m before the Vietnamese border checkpoint) is
0.0015 m/m. This slope gradient is constrained by the topography, is small, and will lead to
frequent maintenance operations.

45

136. Due to the flatness of the topography, the open channels may not empty in-between
rainfall events. The capacity to drain the stormwater will, therefore, be reduced. In the future,
other technology such as the implementation of pumping stations could be considered to
reduce the impact of open channel flooding.
Figure 24: OUT03 – Upper Part, Casino Area

137. The stormwater will drain into trapezoidal open canals. A field mission combined with
the drone imagery allowed estimating the size of the existing channel at the same location as
the proposed ones. Figure 25 presents the existing canals, the corresponding dimensions,
and the singularities along with their crossing points. The outfall No°03 is the Ta Pov river.
The capacity of it is unknown.

Trapezoidal
Open Channel

Box culvert

Table 21: Outlet 03 – Proposed Infrastructures
Section
Number
Height
Length
Top width (m)
number
of line
(m)
(m)
OUT03_OC01
1
2
11
817
OUT03_OC02
1
2
11
302
OUT03_OC03
1
2.5
12
1 ,046
OUT03_OC04
1
2.5
12
2,468
TOTAL 4,633
1
1
2
279
OUT03_BC03
OUT03_BC04
1
2
2
405
OUT03_BC05
1
2.5
2.5
433
TOTAL 1,117
TOTAL 5,750

Slope
(in %)
0.02%
0.3%
0.03%
0.03%
0.04%
0.4%
0.1%
0.04%
0.08%
0.06%
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138. The south part of the casino area (Figure 25) is expecting to experience fast
urbanization development in the incoming years. The open channels are proposed and will
require to be changed to box culvert in the future.
Figure 25: OUT03 Upstream - Existing Infrastructures and Drainage Facilities
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Figure 26: OUT03 Downstream - Existing Infrastructures and Drainage Facilities

Outfall OUT_04 and Upstream Catchment
The catchment No°04 is located in the north part of the National Road No°5. The outlet
of the proposed drainage lines is a large existing canal near the Cambodia/Vietnam border.
The catchment covers a total surface area of 301ha, with a densely built-up area in the upper
part. The remaining land cover is mainly a paddy rice fields. Table 22 presents the main
catchment characteristics.
139.
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Figure 27: Stormwater Catchment 04 – Proposed lines

Table 22: Outlet 04 – Upstream Catchment Characteristics
Catchment no. : 04
Unit
Outfall name: OUT_04
Overall catchment area
Ha
2018 Population estimate
Inhab.
(estimated from building count)
Average surface slope - overall catchment 2040
m/m
no
Global curve number
unit
Upstream network length – to be developed by 2025.
l.m.
Maximal flow at the discharge point – according to 2040 operation conditions.
m3/s
(it is considered that the whole upstream catchment is connected)

Value
301
860
0.0015
87.4
3,975
39.4

Like for OUT_03, the global curve number is relatively high value is high (above 80)
and the slope is small.
140.
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Table 23: Outlet 04 – Proposed Infrastructures
Section
Number of
Height
Top width (m)
number
line
(m)
Trapezoidal
Open Channel
(OC)

Box culvert
(BC)
U-Drains (UD)

Length
(m)

Slope
(in %)

18.5

2,200

0.008%

TOTAL OC
2
2
2
TOTAL BC
4
TOTAL UD
TOTAL

2,200
106
173
467
746
1,029
1,029
3,975

0.008%
0.94%
0.27%
0.07%
0.24%
0.05%
0.05%
0.06%

1
OUT04_OC07

2.5
1
1
1

OUT04_BC01
OUT04_BC02
OUT04_BC03
OUT04_UD01

1
2
3
1

2

141. The total proposed drainage lines are 3,975m. The average slope of the box culverts
of 0.24% will ensure the efficiency of the network to drain stormwater out of the city center. As
the slope gradient is small, box culverts will have to be cleaned regularly.
142. Line 3 of GMS1 has been built recently. Figure 28 shows the previous canal from an
aerial survey (January 2010) and the new drainage line observed during the field mission (July
2020). This line is flowing south and is not connected to the proposed drainage system.
Figure 28: GMS1 - Existing Line

143. To limit the cost of implementation, the U-drain line is proposed to replace the box
culvert line in the not yet built-up area.
144. A wide-open channel will collect the stormwater out of the u-drain line and box culverts
to drain it further north and reach the outfall No°4. An existing wide canal will be enlarged and
strengthened to ensure that the runoff will be drained.

50

145. There is no natural stream in the north part of Bavet. The closest stream is 300m
behind the border, in Vietnam. It has been proposed to end the canal at the current outlet
location (located on the Cambodian side of the border, refer to Figure 29).
146. In case of intense rainfall events that would fill up the canal, the overflow can be
managed by flooding the side agricultural lands (Figure 29). This land is bordered on the south
part by the newly built ring road. This road is elevated 1.5m above the ground level of the
agricultural land (Figure 30). The impact due to eventual flooding in the proposed land would
not impact the land beside this road.
Figure 29: OUT 04 Downstream - Existing Infrastructure and Drainage Facilities (Egis, 2020)

Figure 30: OUT04 - Area Proposed to be Flooded
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3.

Construction Methodology
Separated Network

147. A separate system is planned to be constructed. Connections that discharge
wastewater to the drainage system will be disconnected from the existing stormwater drainage
system and reconnected to the new separated wastewater collection and treatment system.
148. Construction works related to the disconnection of the wastewater system from the
stormwater system have been considered as part of the wastewater construction works (see
wastewater volume) and were not included in the stormwater CAPEX estimate.
149. Drawings at the scale of typical cross-sections with more details are provided in Figure
34. The interaction of the stormwater drainage system with the wastewater collection system
is also represented.
150. Because the new wastewater system will be separative, no interception devices are
considered along with the drainage network.
Equipment
151.

The following equipment will be implemented for each line:
(i)

New side-catch basins will be installed every 50 m length to ensure runoff flows
to the new drainage channels, and to facilitate maintenance and silt removal. They
will be equipped with metal grates. An example of such a catch basin with a grate
is shown in the photograph below:
Figure 31: Catch-basin example

(ii)

Manholes. To allow inspection of buried box culverts, manholes will be disposed
of every 100m and at each intersection (intersection between several primary lines
or between primary and secondary networks).

Box-Culverts / Box-Drains
152.

Concrete rectangular box-culvert will be laid in open-trench and buried.

153. The use of standard dimensions was prioritized during the feasibility study stage to
maximize the use of prefabricated concrete box culverts. In some cases, the box culverts have
doubled to increase the capacity of a single line.
154. If prefabricated box culverts cannot be used, the construction shall adopt the use of
concrete cast in situ box-culverts.
155. A sketch of a typical cross-section used to lay the rectangular concrete box culverts is
shown in Figure 32 and Figure 33.
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Figure 32: Typical Cross-Section Sketch (6m width road, 3m width box-culvert)

Figure 33: Typical Cross-Section Sketch (8m width road, 6m width double box-culvert)

156. On the typical cross-section shown on the previous page, the following points are
emphasized:
(i)

A thin layer of sand will be disposed of on the slab to slide and nest the concretes
prefabricated frames.

(ii)

The excavation work should anticipate at least 50cm on both sides of the boxculvert drains to make possible the operations of workers between the trench
shoring and the concrete frame.

(iii)

When the trench is deeper than 1.3m, a trench shoring should be implanted to
avoid the trench walls from collapsing.

(iv)

The use of an angle of repose for sidewalls instead of trench shoring is not
recommended due to the low space available in the urban areas.

(v)

The minimal backfill material thickness above the concrete frames should be 0.3
m to make the line able to support heavy weight vehicles (car and 7.5 tons trucks).

157. Drawings at a scale of typical cross-sections with more details are provided on the next
page. The interaction of the stormwater drainage system with the wastewater collection
system is also represented
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Figure 34: Double Box-Culvert and Interaction with Wastewater and Third-Party Networks
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Figure 35: Simple Box-Culvert and Interaction with Wastewater and Third-Party Networks
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3.3.1.

Rehabilitation of Open Channels

158. In Bavet, part of the open channels were proposed to be rehabilitated at the master
plan study stage to make them suitable for the acceptance of additional runoff flows.Because
the water velocities in the open channels are very low due to their width, the earth is a cheap
material, resistant enough to operate in good conditions.
159. It is therefore suggested to rehabilitate the open channels. The process of openchannel rehabilitation should include the following:
(i)

Creation of a drying area. This area will be used to store and dry naturally
(infiltration and evaporation) the wet material recently excavated before
transportation.

(ii)

Tree cutting, brush clearing along the alignments of drainage lines.

(iii)

Excavation of dry materials (located above the open-channel water level)

(iv)

Once the water surface is reached, excavation of wet material is done (located
below the open-channel water). Wet materials are disposed of on a drying platform
before being transported.

Permits
160. According to the law on construction29, construction permits are issued by the Ministry
of Land Management, Urban Planning and Construction. The application must be completed
before construction begins and takes 3-6 months to process.
161. The law and the sub-decree do not clearly specify whether public projects require a
construction permit. In practice, public projects (e.g., WWTP) do not request construction
permits before implementation and it is considered that the preparation and approval of EIA
or IEIA studies by the Ministry of Environment is sufficient for the construction work to start.
4.

O&M Requirements
Existing O&M Services

162. The existing stormwater drainage service is managed by the Municipal Administration.
There is no dedicated unit established for the management of the drainage services. The
Municipal Administration therefore faces several challenges with respect to carrying out
operations and maintenance (O&M) services.
(i)

Limited technical capacity. Similar to the wastewater sector, the Municipal
Administration is understaffed and have limited technical capacity. Technical skills
would be required in the future to carry out the O&M.

(ii)

Limited resources. During field investigation carried out in November 2019,
cleaning operations on the existing drainage lines were observed with the works
conducted by local workers using simple means (garbage can and landing net to
catch the solid waste) under the Sangkat’s administration supervision. Additional
resources would be required to ensure O&M activities are carried out efficiently.

29 Law on Construction, Royal Kram No NS/RKM/1119/019 dated 02 November 2019 and Sub-decree 224 Sub-decree On
Construction permit dated 02 December 2020
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(iii)

Budget. To date, the O&M of the existing drainage and sewer system is funded by
the annual budget planning of the Provincial Department of the Public Works and
Transports. Additional budget will be required to service the O&M needs for the
new drainage network.

Required O&M Services
163. The Municipal Administration has outlined intentions to establish a new unit for
drainage services, which would be within the office of PWTESPO (in line with sub-decree 182).
The key requirements for the O&M services will focus on:
(i)

Stormwater flow: Keeping the drainage systems free from any obstruction (inside
and outside the box culvert and at outlets) through adequate O&M services; and

(ii)

Stormwater quality: Controlling illegal sewerage connection to the drainage
system.

(iii)

Ongoing reporting and customer service.

4.2.1.

Maintaining Stormwater Flow

164. No obstruction shall be allowed on the surface part of the drainage, in particular for
catch basins. Even though activities such as parking will not obstruct the water flow, other
types of obstruction will force the water to flow around the obstacle, which might slow down
the water evacuation through the box culvert.
165. A maintenance team should carry out inspections regularly over the complete drainage
system and carry out the following cleaning activities:
(i)

Surface cleaning: cleaning and removal of all wastes gathered inside the
sandboxes, around the catch basins, and at the outlets. Any obstruction inside the
watercourse of open drainage shall be cleared in coordination with services
involved in solid waste management.

(ii)

Civil works: Box culverts should be inspected. During the inspections, the
maintenance staff shall report any civil work requirements observed.

(iii)

At the outlet, the maintenance staff shall ensure that no construction is done
around the outlet and shall inform the residents of illegal houses newly built for
potential flood risks.

(iv)

Before the rainy seasons, a cleaning campaign shall be held to maximize the
capacity of the drainage system.

166. The cleaning frequency of the drainage infrastructure depends on the volume of solid
wastes accumulated in the area. Therefore, solid waste management and education shall be
enforced in parallel, and surface cleaning shall be done regularly to avoid that these wastes
are conveyed to the drains.
167. The drainage system maintenance team will be expected to coordinate with the solid
waste management team about any dysfunction of the drainage system due to obstructions
brought by solid waste.
4.2.2.

Maintaining Stormwater Quality

168. Control of wastewater releases. With the proposed sewerage project, all illegal
connections of the sewer to the drainage network shall be removed. The maintenance team
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shall carry out regular controls of the implementation of the sewage connections to the
separate network.
169. Industrial waste. A prevention campaign shall also be carried out with local
companies to avoid any discharge of industrial waste in the drainage system. This shall focus
on priority on petrol stations, hotels, and restaurants.
4.2.3.

Reporting Requirements

170. The purpose of the reporting operation is to log the incidents to plan maintenance and
solve the technical problem encountered by the service.
171. A dedicated line or email shall be provided to residents and companies to report any
issue related to the drainage system such as flooding for the maintenance team to be able to
respond and correct the problem quickly. The maintenance team will regularly update the
drainage issues log to follow up on the actions to be implemented.
172. The operational team proposed at the current stage is sized to handle the operation of
the existing and proposed infrastructures for the short-term horizon. The reporting service
shall be extended if the infrastructure is further developed.
173. More generally, all flooding events shall be recorded and reported to the maintenance
team so that the log can be used for planning or analysis purposes.
174. A more comprehensive approach than reporting is defining an asset management
strategy. This approach generally relies on the following main elements:
(i)

Establishment of a detailed inventory and mapping of the existing infrastructure

(ii)

Estimation of wear of the existing equipment

(iii)

Data logging into a spatial database, able to be queried from GIS and asset
management software.

(iv)

Use of asset management software to implement operation tracking leading to
automated (or semi-automated) maintenance and renewal planning.

Human Resources
175. A team dedicated to the drainage system maintenance is proposed to be created,
comprising:
(i)

3 full-time cleaning technicians (to service the urban areas up to 2025); and

(ii)

1 full-time engineer to organize inspections, perform the illegal connection
controls, record all flood events, and organize the repair actions.

Vehicles and Equipment
176.

The drainage maintenance equipment shall include:
(i)

Utility Truck. One utility truck is proposed to transport the solid waste collected to
the solid waste disposal area.

(ii)

Shovel and excavator. One for maintenance operations.

(iii)

Pick-up Trucks. Two pick-up trucks are proposed to ease staff mobility.
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177. A mini-bulldozer may be useful to perform cleaning operations inside large box culverts
structures. This investment is delayed for medium-term (2030) and long-term horizons (2040)
considering that the need for desilting will occur after a few years of operation.
178. Fuel. The unit price of fuel in Cambodia is estimated to be equal to $0.80/L. The
following assumptions have been made to calculate the fuel consumption by vehicles:
(i)
(ii)

(iii)

Shovel and excavator: budget of $5,000/year is planned for the operation of the
shovel/excavator.
Pick-up vehicles
a) One pick-up vehicle operates full-time 250 days a year
b) During a full-time day of operation, a pick-up vehicle drive 40km on average
c) The average fuel consumption of one pick-up is 8L/100km
d) The yearly fuel consumption for a pick-up vehicle is estimated to be $640/year.
Utility truck
a) One utility truck operates full-time 50 days a year
b) During a full-time day of operation, a utility truck drive 60km on average
c) The average fuel consumption of one truck is 20L/100km
d) The yearly fuel consumption for a utility truck is estimated to be $480/year.

Maintenance Planning and Asset Renewal
179. Maintenance planning. As the network will be new, no maintenance is scheduled for
the concrete structures. However, equipment such as trucks will require preventing
maintenance (regularly) and may require reactive maintenance in case of failure. The
proposed renewal rate is based on a percentage per year of the initial CAPEX. Table 24 below
describes the assumptions taken for maintenance rates (% of initial CAPEX invested in
maintenance each year).
180. Every 2 years, the maintenance team will be required to prepare a maintenance plan
outlining the areas to be cleaned and the associated date/timeframe. The entire drainage
system should be cleaned at least once a year. As a contingency, any spare dates in the
planning shall be left to be allocated to the cleaning campaign before a typhoon.
181. Asset Renewal. The maintenance rate depends on the asset life duration (see table
below), and is different from the renewal rate. The renewal cost (used to compensate capital
depreciation) will be taken into account in economics and financial analysis.
Table 24: Maintenance rates (in % of initial CAPEX) used to estimate OPEX cost for
maintenance operations.
Mainteance
Equipment macro-categories Equipment categories
Asset life duration
rate (%/year)
Trucks and vehicles
Drainage network

Trucks and vehicles
Concrete box culverts

10 year

3%

50 year

-

5.

Matters for Detailed Design

182.

The following points should be assessed further during the detail design stage:
(i)

Geotechnical investigation: Additional geotechnical investigations shall be
required during the detailed engineering design stage to confirm the ground
conditions and inform of any constructability issues;

(ii)

Detailed ground topography survey: The proposed drainage network will follow
the natural topography and discharge at low points of the road and where possible,
the drainage system will be located in road reserves. However, in Bavet, many
formal and informal buildings are present in the existing areas and some of these
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constructions (temporary facilities) encroach on the right of way. A basic
topographical survey of the road centerline has been completed in the coverage
area and this will need to be reviewed. An extensive topographical survey will be
required to determine the exact needs for excavation, backfilling, and resettlement.
The current design has been made on the aerial drone survey orthophotography
(with a pixel resolution of 0.05m/m). However, some uncertainties due to
vegetation coverage need to be addressed.

6.

(iii)

Assessment of utilities and third-party networks crossings: Consultation with
the appropriate authorities should be undertaken early to identify the location of
existing utilities, and if required, seek approval to remove or divert the existing
services. Multiple pipe crossings may also pose hydraulic disturbance; the detailed
design will need to assess how to avoid or mitigate the impacts to the drainage
network if network crossings are unavoidable. A suitable construction methodology
will need to be assessed for each network crossing.

(iv)

Precise localization of water supply networks: a precise map detailing the
location of the water supply network should be acquired in order to accurately
identify the localization of water supply lines. If no accurate map is available,
reconnaissance surveys will be required in the construction phase.

(v)

Connection to the secondary network. The existing secondary drainage network
will need to be re-connected to the proposed drainage lines to get a consistent
strategy for the whole drainage network. Secondary network connections will be
studied as part of the detailed engineering design stage, based on a detailed
topographical survey.

(vi)

Existing hydraulic crossing structures. The existing hydraulic crossing
structures (refer to Figure 26 and Figure 29) will be enlarged with box culverts.
Further studies will have to be done to refine the dimension of those new structures
but a provisional sum is allocated in CAPEX (taken into account in the way as boxculvert having a length of 10m) for the rehabilitation of each existing
crossing/bridge structure. Where possible, existing cross-drains should be reused
to limit the cost of road cutting and reinstatement.

(vii)

Interceptors. The stormwater and wastewater drainage systems proposed are
separate. Interceptors are not used in separate systems.

CAPEX / OPEX
Capital Expenditure (CAPEX)

183. General Technical assumptions. To estimate the CAPEX, the following assumptions
were made (in addition to the points stated in the construction methodology section).
184. Earthwork. Most of the excavation work is likely to be in soft materials. It is assumed
that 85% of the excavation works volume will take place in soft material.. For open channel
rehabilitation, 50% of earthwork volume is considered to be done on wet materials.
185. Road works. It is estimated that 20% of the linear box culverts lines will require
destruction and reconstruction of the sidewalks.
186. Contingencies assumptions. The following detailed contingency values were
considered for civil works (Table 25 below). It is also recommended that an overall physical
contingency of 17 % for civil works and 15% for equipment and consulting services be applied.
This has been considered in the financial analysis.
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Pricing-category

Earthworks

Road
works
Network

Manholes

Supply and
laying
of
pipes

Table 25: Contingencies Assumptions
Contingency
Technical justification
value
Earthworks integrate all the additional works related to
trenchless techniques and third-party network crossings.
Since no accurate data regarding the third-party networks
17%
and geotechnical was available at this stage, it is
recommened to consider an high percentage of physical
contingency on these items
All alignment proposed does follow the existing road paths.
For this reason, the estimate of road length and surface to
17%
be rehabilitated is accurate and the related contingency
remains medium.
Manholes are regularly spaced along the alignments
proposed. Only local issues regarding available space or
soil conditions may induce a slight variation in the number
of manholes.
17%
Because the estimate of manholes count relies mainly on
the pipe length, a medium contingency value could be
considered.
For the same reasons as those explained above for
17%
manholes and road works, a medium contingency value
could be considered.

187. Capital costs have been calculated based on detailed price estimates. A price per
linear meter of culvert construction has been worked out. This represents an average price,
including all costs such as surface preparation, excavation, shoring, bedding, installation of
infrastructure, backfill, etc.
188. The bill of quantity for each type of works has been prepared based on the design
presented in the previous sections. This design needs to be refined at the detailed design
stage where specific site constraints could be encountered, and a more detailed design of
specific infrastructure has to be assessed, such as for landslide protection.
Cost estimates are presented in base cost, excluding physical contingency, price
contingency, land acquisition cost, and VAT.
189.

Table 26: Summary of the Investment Cost (CAPEX)
Ref.
1
1.1
1.21
1.22
2

Component
Civil Works
General
Service area: OUT_03
Service area: OUT_04
Equipment, Vehicles, Furniture
TOTAL

TOTAL
($)
5,458,505
815,319
1,891,319
2,751,867
302,808
5,761,313

Operational Expenditures (OPEX)
190. Horizon considered. The operation costs estimate has been established for the first
year of operation of the proposed facilities for wastewater collection and treatment (horizon
2025).
191.

Assumptions. Details about specific assumptions made are given in Section X.4.
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192. The OPEX is summarized in the table below. The detailed OPEX is presented in
Appendix A2.
Table 27: Summary of operation costs for the designed infrastructures (OPEX)
Cost

Item

($/year)

1. Personnel
2. Fuel and energy

27,600
6,959
9,084

3. Maintenance
Total stormwater network

7.

$

43,643

Financial Analysis

193. The proposed stormwater drainage infrastructure is a non-revenue generating service
as there are no pricing or user fees for connection to the drainage network. The O&M cost
will be borne by the Municipal Administration or the unit responsible for maintaining the
system. This cost will be funded indirectly through property taxes and business fees.
8.

Safeguards Considerations
Environment

194. An environmental assessment was carried out which assessed the following key risks
and impacts:
(i)

Positive impact. Improving the drainage capacity of the city will reduce risks of
flooding and consequent scattering of waste material in the streets. Thus, it will
prevent economic loss due to property damage. Functional and separated
drainage and sewage systems will help reduce diseases from infection and
mitigate health-related problems in the population. The absence of untreated
sewage and flooding in the streets will enhance the touristic and commercial
development of Bavet municipality, attracting private sector investments.
Considering climate change, increased rainfall may increase the number of
flooding and pipe surcharge events. By improving the capacity of the drainage
system, the vulnerability of the population to these consequences of climate
change will be hindered, as the excess of water would be more easily evacuated.

(ii)

Outfalls. At the outfalls of the drainage system, it is expected that the water flow
and quality of the receiving bodies will not be significantly altered, since the current
combined drainage system is already being discharged into local.

(iii)

UXO. Construction sites may be concerned by unexploded ordnance (UXO), which
can be uncovered by earthworks. Sites for earthworks that are suspected of having
UXO should be surveyed by the Government prior to construction.

(viii)

Excavation and backfill work. Excavation and backfill may have a high impact
on the surrounding environment of the surrounding sites. Several mitigation
measures are proposed to mitigate these impacts. These measures consist of
using appropriate storage areas for excavated materials, no creation of new
excavation sites, and avoidance of soil contamination.

(ix)

Noise. Noise impacts will be mainly restricted to the construction phase, and will
not have any consequences on population health
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195. Further detailed findings of the environmental assessment, including the
environmental management plan (EMP) is documented in Volume 12.
Resettlement
196. This section is a summary of the project impacts and issues identified by the
resettlement plan. The comprehensive description and details are given in Volume 13.
197. The box culvert section (1.9 km) is placed under the side of the existing roads within
their ROW. Box culverts will not have any IR impact. Open channel sections improvement (6.8
km) and Udrains section (1.0 km) are mainly built on the existing ROW of the Khmer-rouge
era irrigationcanals. The ROW varies depending on the existing canal current width, and
especially further out from Bavet city the existing canals physically narrow down significantly.
Therefore, both of the canals will cause some IR impact on private agricultural (12,788 m²)
and unused land (10,752 m²), secondary and other structures, trees and loss of land use
(9,060 m²). The width of the existing canals needs to be widened to accommodate the increase
of peak storm flow capacity of the canals with increased service/catchment area, especially
as the deepening of the canals is not an option in the very flat topography of Bavet. The
existing open canals are next to roads; hence construction access is not required separately.
The outfalls do not require buffer zones, and hence do not have any IR impact.
198. The table below summarizes the number of households (AH) and people (AP) affected
by resettlement measures related to stormwater drainage works components. They are
classified by impact type.
Table 28 Overview of Project Impacts related to Resettlement
Impact type
Quantification of impact
Loss of land

Agricultural land

3 AHs

(9 APs)

Unused land

1 AH

(4 APs)

Public Land / ROW 4 AHs
Loss of structure
Loss of trees

(11 APs)

Secondary structure 5 AHs (21 APs)
Perennial (fruit) trees 6 pcs
Timber trees

934 pcs

Note: AH = Affected household; AP = Affected people

Indigenous People
199. An Indigenous People Due Diligence report has been prepared as part of the
safeguard measures. It has been established that the project does not directly or indirectly
affect the dignity, human rights, livelihood systems, or culture of indigenous peoples, nor does
it affect any of their territories or natural or cultural resources. Details of the IP assessment
can be found in Volume 14.
Social and Gender
200. Social. The investigations and responses from community surveys carried out as part
of the feasibililty study identified the following key social aspects, which will need to be
considered throughout the project implementation:
(i)

Improved hygiene and sanitation infrastructure services will alleviate burden
associated with additional time and responsibility associated with: (i) the
management of solid waste (finding a place to dispose of waste, burning, or burying
wastes), dealing with dogs and pests gravitating around piling waste, (ii)
supervising children playing near/with solid waste, near/with wastewater, in flooded
area (iii) nursing those sick from water-borne disease and or infections (iv)
accompanying family members to the doctor and to buy medicine, and (v)
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reproductive health issues, particularly genital and urinary tract infections, linked
to improper hygiene.
(ii)

The lack of urban infrastructure, particularly, sewerage and solid waste services,
will have an impact on social costs, for which women are most likely to be affected.
However, women were found to be less aware of the risks to health and
environment and hence, there will be a need for a targeted approach to raise
awareness. A change analysis may facilitate in identifying specific constraints, and
the key messages for behavior change, increasing awareness and capacity to
make informed choices and participate in O&M.

201. Gender. A Gender Equality and Social Inclusion Action plan (refer to Volume 15.2)
has been prepared and includes actions to:

9.

(i)

Better identify the specific roles, constraints and motivators of men/women;

(ii)

Develop gender-specific information, and training campaigns (adapt contents,
pictures and training method); and

(iii)

Ensure that women participate in all project activities.

Measures to Integrate Climate Change Resilience

202. A climate risk and vulnerability assessment was carried out as part of the feasibility
study due diligence assessment. The comprehensive description and details are documented
in Volume 11.
203. A likelihood/consequence risk analysis has been lead on stormwater drainage
infrastructure proposed and designed on Bavet city for impacts induced by climate change.
204. The results of this analysis are presented in the table below. The likelihood and
consequences indicators range from 1 (low) to 5 (high).
Table 29: Calculated Likelihood and Consequence of Impact from Flooding Hazard for the
Infrastructure Element of the Stormwater Component.
Infrastructure
Elements

Impacts

Box culverts (6.6 km)

Citywide increase in the

Open channel (1.9 km)

size of extreme events

Likelihood Consequence

Risks

4 Likely

2 Minor

8 Moderate

4 Likely

2 Minor

8 Moderate

4 Likely

3 Moderate

12 Moderate

4 Likely

2 Minor

8 Moderate

leading to an increased
Outfalls 4
U-drain (1 km)

amount of water required
to be removed

205. Improvements to the drainage network are considered a form of climate change
adaptation. By improving and rehabilitating drains, the ability of Bavet to recover from high
rainfall events will be improved.
206. The runoff flows used for the design account for extreme rainfall events greater than
the current event size to incorporate larger extreme rainfall projected to occur. The extreme
rainfall event size projected to occur by 2060 was used in the design.
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10.

Institutional Arrangements

207. Vision. During the workshop held, on September 29, 2020, at the Provincial Hall of
Svay Rieng, the different stakeholders had the opportunity to express their visions for the
operation and management of the service.
208. All the stakeholders consider that the stormwater/drainage service should be operated
and maintained by the Municipal Administration.
209. An Institutional Development Road Map and Capacity Building plan has been
prepared (refer to Volume 8), which aims to support the municipal administration as it takes
over ownership and responsibility in the O&M of this new service. It will set out actions to:
Improve the institutional arrangements to facilitate sustainable service delivery in
the long term;
Formalize roles and responsibilities for service delivery;
Improve budget and financial planning to address O&M shortfalls;
Improve asset monitoring and performance reporting;
Staff development and training; and
Improve operational efficiencies through implementation of Smart – ICT systems.
11.

Procurement

The following procurement packages are envisaged. Further details on the
procurement process, including the procurement risk assessments, are documented in
Volume 16.
210.

Table 30: Procurement Package
Package

Description

Civil Works (CV)
Bavet: Wastewater Treatment Plant and
CWConveyance Network and Stormwater Drainage
BAV-01
Network

Type

Lots

Timing for
Advertising

Works

1

Q1-2023

Goods
G-01

Pick-up vehicles

Goods

3

Q1-2022

G-03

Specialty vehicles

Goods

3

Q1-2024

G-04

Office equipment and furniture

Goods

3

Q1-2022
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A2. Cost Estimates/Preliminary BoQ
Table 31: Detail CAPEX
Ref.
1
1.1
1.21

1.22

Component
Civil Works
General
Contractor mobilisation/demobilisation, site overheads, admin, and profit
Service area: OUT_03
Simple Box Culvert
Earthworks - Simple box-culverts (construction)
Cleanliness concrete slab (~10cm)
Soft / Slight hard excavation
Hard rock excavation
Trench Shoring (if depth > 1.3m)
Surface preparation
Embedment materials (0/20 mm)
Backfill materials (14/20 mm)
Road works - Simple box-culverts
Road demolition
Concrete road
Sidewalk border
Networks facilities
Inlet Grids
Access Manholes
Supply and laying of Simple box culverts
W:150 x H:100
W:200 x H:100
W:250 x H:150
W:300 x H:150
W:200 x H:200
W:200 x H:300
Open Channel
Earthworks - open-channels (réhabilitation)
Surface preparation
Wet material excavation
Dried material evacuation
Special Crossing
Earthwork (construction)
Supply and laying of Box culverts 2m x 2m
Service area: OUT_04

Unit

Physical
Quantity

lp

sq.m.
cu.m.
cu.m.
sq.m.
sq.m.
cu.m.
cu.m.

2,705
6,068
1,071
778
3,016
1,594
1,271

sq.m.
sq.m.
lin.m.

3,016
3,016
156

lp
lp

31
8

lin.m.
lin.m.
lin.m.
lin.m.
lin.m.
lin.m.

0
278
0
0
400
0

sq.m.
cu.m.
cu.m.

20
14,124
56,497

lin.m.
lin.m.

146
146

TOTAL
($)
5,458,504.54
815,318.59
815,318.59
1,891,319.12
1,294,438.11
174,423.69
26,422.63
71,132.33
20,921.27
3,799.49
13,258.00
31,131.33
7,758.63
137,046.04
17,677.34
117,848.90
1,519.80
45,593.91
36,475.13
9,118.78
937,374.48
312,223.44
625,151.03
596,881.01
331,137.03
19.54
110,372.50
220,744.99
265,743.98
37,563.27
228,180.71
2,751,866.83
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Ref.

Component
Simple Box Culvert
Earthworks - Simple box-culverts (construction)
Cleanliness concrete slab (~10cm)
Soft / Slight hard excavation
Hard rock excavation
Trench Shoring (if depth > 1.3m)
Surface preparation
Embedment materials (0/20 mm)
Backfill materials (14/20 mm)
Road works - Simple box-culverts
Road demolition
Concrete road
Sidewalk border
Networks facilities
Inlet Grids
Access Manholes
Supply and laying of Simple box culverts
W:200 x H:100
W:200 x H:200
W:200 x H:300
U drain
Earthworks - U-drains (construction)
Cleanliness concrete slab (~10cm)
Soft / Slight hard excavation
Hard rock excavation
Trench Shoring (if depth > 1.3m)
Surface preparation
Embedment materials (0/20 mm)
Backfill materials (14/20 mm)
Concrete C35/40 (sanitary slab, box-culvert separation)
Networks facilities
Reinforcment grid
Supply and laying of U drain
W:400 x H:200
Open Channel
Earthworks - open-channels (réhabilitation)
Surface preparation
Wet material excavation
Dried material evacuation
Special Crossing
Earthwork (construction)

Unit

Physical
Quantity

sq.m.
cu.m.
cu.m.
sq.m.
sq.m.
cu.m.
cu.m.

2,463
7,314
1,291
724
2,752
2,139
1,086

sq.m.
sq.m.
lin.m.

2,752
2,752
145

lp
lp

29
7

lin.m.
lin.m.
lin.m.

105
180
439

sq.m.
cu.m.
cu.m.
sq.m.
sq.m.
cu.m.
cu.m.
cu.m.

6,183
14,769
2,606
1,048
6,602
2,515
1,299
252

lin.m.

1,029

lin.m.

1,029

sq.m.
cu.m.
cu.m.

4
403
1,610

lin.m.

24

TOTAL
($)
1,623,934.77
199,053.04
24,055.47
85,730.75
25,214.93
3,537.57
12,098.48
41,788.59
6,627.25
125,088.42
16,131.31
107,542.08
1,415.03
42,450.82
33,960.66
8,490.16
1,257,342.49
118,335.60
280,877.94
858,128.94
1,074,387.66
405,126.06
60,397.21
173,119.85
50,917.60
5,118.41
29,021.37
49,136.71
7,932.88
29,482.03
237,081.60
237,081.60
432,180.00
432,180.00
53,544.40
9,439.69
3.42
3,145.42
6,290.84
44,104.71
6,595.55
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Ref.
2

Component

Unit
lin.m.

Supply and laying of Box culverts 2m x 2m
Equipment, Vehicles, Furniture
Shovel and excavator
Utilities Truck
Pick-up truck

item
item
item

Physical
Quantity
24

TOTAL
($)
37,509.16
302,808.30
146,520.15
48,840.05
107,448.11

1
1
2

Table 32: Detail OPEX
Item

Unit

Unit rate

Quantity

$/year
$/year

6,000
9,600

3
1

$/year
$/year
$/year

580
4,915
786

2
1
1

$/year

9,084

1

1. Personnel
Technician
Team leader
2. Fuel and energy
Fuel for pick-up trucks
Fuel for Shovel/Excavator
Fuel for Utility truck
3. Maintenance
General maintenance
Total Stormwater network

Cost
($/year)
27,600
18,000
9,600
6,959
1,159
5,000
800
9,084
9,084
43,643

