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1          ABSTRACT  

This bachelor thesis focused on the flooding conditions of the Kpelle Town 

community in Paynesville City, Montserrado, Liberia. The community is faced 

with flooding throughout the rainy season, leaving dozens of people without 

shelter, loss of properties, and malaria. This thesis report is divided into four 

sections detailing the findings and results of the project.  

Section one  

The situation analysis introduced the problems of the thesis. This section covers 

the existing situations of the Kpelle town community. The problems to be 

analyzed in the thesis are:  

• the problems with the flooding 

• the condition of the existing channel 

• the impact of town planning in the community 

• the amount of runoff generated in the area.  

Section two  

The project objectives define the work of the project. It shows precisely what is 

to be achieved at the end of the work, for the 31.69 hectares in S.D. Copper Road 

area, the project analyzed the main surface channel in the community to safely 

export the water without excess erosion to the Atlantic Ocean and involve the 

community partner for a sustainable solution.  

Section three  

The project's developed solutions include the concept of an open channel drains 

running through the community to enter the Atlantic Ocean. This drain will be 

1200 m long and should be built with materials that are not costly and are 

available in the project locale.  

Section four  

The results and recommendations of the project involve the type of channel and 

the dimensions to be used for the project. The channel should be built as natural 

as possible to avoid the high amount of budget on concrete. The channel should 

be lined with sow grass to eliminate the impact of erosion on the channel by the 

speed of the water.   
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2          INTRODUCTION   

A low-income community in Liberia is faced with a variety of problems, ranging 

from infrastructure development to proper healthcare to education. Liberia was 

left in destruction after fifteen (15) years of civil conflict, which led to the 

destruction of lives and properties. The unfortunate situation brought the 

country to its knees, cripple the economy, and destroying its infrastructures. 

Sixteen years (16), after the war, Liberia is facing a massive setback in her 

economics and infrastructures.   

Most low-income urban communities in Liberia seems to be the place for most 

Liberia living in the urban regions. Liberians living in these communities find it 

very convenient for them, given the location of the community to the city center, 

the price of the land, and sometimes the land is even free to people. Because of 

those reasons, these communities become overcrowded with buildings and 

inadequate structures.  

Kpelle town community, a low-income urban area, located in Paynesville city of 

Montserrado county in Liberia, is home to about 3000 people. The community 

is faced with flooding every during the heavy rainfall season because of its 

inadequate drainage systems. In the wake of the flooding, the health of the 

people living in the Kpelle Town community become an issue with malaria and 

other water-borne diseases.  

In order to confront these problems, the solutions for the main surface drain are 

established by analyzing the situations from the community and providing a 

sustainable, cost-effective approach to channel the water from the community 

without causing erosion or damage to the buildings. The solutions will also 

consider the health implications of the project and, most importantly, 

community involvement.   
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3          SITUATION ANALYSIS 

This chapter gives an overview of the project area's situation, outlining the 

problems and background of the issues. This chapter goes on with the impact of 

the issues on the people living in the community and how their daily lives are 

affected by these problems. 

3.1         GEOGRAPHICAL LOCATION  

The project area is a small urban community located in district # 6 of Paynesville 

city. The town lies between the Atlantic Ocean and the S.D Copper Road. The 

Atlantic Ocean is situated to the south of the community running east to west 

and S.D. Copper Road lies North of the Town and runs east to west. The project 

area is relatively low as compared to its surroundings, which plays a significant 

role in its flooding conditions. 

3.2   PROJECT PERIMETER  

The project perimeter can be seen in figure….. below. The project covers a total 

area of 31.69 hectare in the S.D. Copper Road community.  

Figure 1  Geographical Location of the Project Area and images of the project Area 
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3.3   EXISTING INFRASTRUCTURE  

Overview  

The Existing infrastructures of the project are not in good condition. Most of the 

significant supports are not exiting or in a bad state. One of the significant 

contributors to the flooding situation in the community is a direct reason for the 

infrastructure and its conditions. 

Problem with Planning  

Most people living in a low-income urban community often build on land with 

drainage problems. However, proper urban planning can help to avoid this 

problem. Still, most of these communities' plans have no attention due to the 

overly increasing and unmonitored population in these areas. Like most of these 

communities, the project area has several problems, among which is a problem 

with community planning, which plays a significant role in flooding the solution. 

Figure 2  Project Perimeter 
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Drainage  

Most of the existing drains in the community can barely remove water from the 

project area as fast as possible, whereby causing overspill that leads to the 

flooding of Kpelle Town. The reasons for this occurrence involve the channel’s 

size and maintenance plan—most parts of the drain tend to have dirty produce 

from the people living in the community. The foul situation also contributes to 

the overspill of the channel and creates flooding in the township. The figure 

shows a description of the existing drainage in the community. 

 

 

 

 

 

Figure 3 Image of Project Area with House built together 
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Buildings 

In most low-income communities, the houses have two main characteristics. 

One is the weak structure of the buildings, and the second the unadhered 

practice of urban planning. Like most low-income urban communities, the Kpelle 

Town community is no different when it comes to urban planning. The buildings 

in the district are constructed tightly, having no space for proposed 

infrastructures, causing immense pressure on the existing storm drain.  

Low-income communities have a massive problem with city planning because it 

involves regulations that the locals hardly observe due to the Local Authority's 

inefficiency. Like other low-income urban community, the Kpelle Town 

community have these problems. The buildings, in some cases, are positioned 

in the direct flow path of the drainage, creating a buildup of water at the upper 

side of the drains. In some cases, the buildings are closed to the drains reducing 

their size and creating overspill in short periods. 

Figure 4 Existing Drainage in Project Area 
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3.4      RAINFALL  

Overview  

The rainfall data from Liberia is relatively hard to obtain due to the unavailability 
of data. The government of Liberia and the agency responsible for data have not 
captured rainfall results and intensity or local organizations working in this field. 
However, data received from the local airport located in Monrovia, and analysed 
some online sources, gives the basics for the rainfall for the project area. 
 
In Liberia, the climate is tropical, hot, and humid. Most of Liberia has one rainfall 
season between May and November. The average rainfall annually in Monrovia 
is 4540 mm, with an intensity of 2 mm/hr. With this data, the calculation of the 
runoff and determination of rainfall accumulation was established.  
 

 

 

 

 

 

 

 

 

Figure 5 House Built in channel Flowpath 
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Figure 6 Rainfall Data For Monrovia 2018 
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Runoff Calculation  

In order to obtain the surface runoff, the runoff coefficient of the project area 
was first determined. The runoff for the project area was determined using the 
Rational method for runoff. The goal is to determine the peak discharge in the 
project area. Three zones from the project area were established, given the 
infiltration rate or the surface area's runoff coefficient.  
 

1. Open Space: this includes the area within the project perimeter that is 
without any infrastructures. This area within the project perimeter is 
mostly covered with swamp formations and some part with vegetations. 
  

2. Street: this part of the project perimeter includes the roads paved with 
asphalt and the unpaved ones.  

 
3. Residential: this area in the project perimeter includes the houses covered 

with a roof, which makes up a vast percentage of the entire project 
perimeter.  
 

Table 1 Area Distribution for Runoff Coefficient Calculation 

Area Description  Area Covered (Hectares) Runoff Coefficient  

Open Space  3.85 0.2  

Street  1.65 0.8 
Residential Area  26.19 0.3  

Total  31.69 0.35 
 

Open Space 
12%

Street 
5%

Residential Area 
83%

Area Covered (Acres)

Open Space Street Residential AreaFigure 7 Area Distribution According to Runoff Coefficient 
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The overall runoff coefficient was calculated using the below formula. From the 
calculations, the total runoff coefficient was established to be 0.35, which 
corresponds with the distribution of land use in the project perimeter. Most of 
the land is covered by closed packed houses with metal roofs. In this formula, 
With the general coefficient of the total area established, the surface runoff of 
the project area was calculated with the rational method for calculating runoff. 
The rational approach is used for predicting peak flow rates for small, urban 
watersheds up to 31.69 hectares. 
With a rainfall intensity of 2 mm/h, the runoff is calculated using the rational 
method. The total volume of water under the above condition was estimated 
at 6.2 m3/s. 

1.5 STORMWATER ACCUMULATION ON GROUNDWATER QUALITY  

Containmanited stormwater is a significant source of groundwater and surface 

water degradation. Stormwater runoff greatly influences ground and surface 

water quality and quantity, not to mention the health of the aquatic ecosystem. 

In a developed land surface like the Kpelle Town community, the open space 

and vegetation been replaced with new areas of impervious surfaces, such as 

roads and roofs, which significantly reduce infiltration and us groundwater 

recharge. A much more significant percentage of precipitation becomes surface 

runoff, which moves across the community at accelerated speeds, creating 

additional problems of soil erosion, flooding, and natural habitat destruction. 

Uncontrolled runoff also collects pollutants such as sediments, pathogens, 

fertilizer, nutrients, hydrocarbons, and metals, which ultimately contaminate 

and degrade surface and groundwater. 
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1.6 HEALTH IMPACTS  

In areas where drainage and sanitation are inadequate, water runs over the 

ground during rainstorms, picking up faeces and contaminates water sources. 

This contributes significantly to the spread of diseases such as typhoid and 

cholera and may increase the likelihood of contracting worm infections from 

soil contaminated by feces. Flooding itself may displace populations and lead 

to further health problems. 

Malaria  

In most cases, malaria is transmitted through the bites of 

female Anopheles mosquitoes. There are more than 400 different species 

of Anopheles mosquito; around 30 are malaria vectors of primary importance. 

All the important vector species bite between dusk and dawn. The intensity of 

transmission depends on the parasite, the vector, the human host, and the 

environment. 

Figure 8 Image Show the impact of Stormwater on Groundwater Quantity and Quality 
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Anopheles mosquitoes lay their eggs in water, which hatch into larvae, 

eventually emerging as adult mosquitoes. The female mosquitoes seek a blood 

meal to nurture their eggs. Each species of Anopheles mosquito has its own 

preferred aquatic habitat; for example, some prefer small, shallow collections of 

fresh water, such as puddles and hoof prints, which are abundant during the 

rainy season in tropical countries. 

Water/Borne Diseases  

Water-borne diseases are the ones caused by pathogenic microbes spread via 

contaminated water.  

Transmission of these pathogens occurs while using infected water for drinking, 

food preparation, and washing clothes, among others. Many developing 

countries do not have proper water treatment plants, especially in the rural 

areas. In some places, the availability of water is so scarce that people have 

neither the time nor the money to afford the water purifiers or other water 

treatment mechanisms. Majority of water-borne diseases worldwide mainly 

affect children due to poor hygiene and weak immunity. Most of these diseases 

are life-threatening. The knowledge of the different types of water-borne 

diseases has come to the forefront with the advent of globalization over the past 

few decades. The pathogenic microorganisms, their toxic exudates, and other 

contaminants together, cause serious conditions such as cholera, diarrhea, 

typhoid, amebiasis, hepatitis, gastroenteritis, giardiasis, campylobacteriosis, 

scabies, and worm infections, to name a few. 

Diarrhea 

The most common of all water-borne diseases, diarrhea, mainly affects children 

below five years of age. The symptoms include dizziness, dehydration, pale skin, 

and loss of consciousness in severe cases. It usually lasts for a couple of weeks 

and can turn out to be fatal if it goes untreated. 

Cholera 

It is mainly caused by bacteria named Vibrio cholerae via consumption of 

contaminated food or drinking water. The symptoms include diarrhea, vomiting, 

fever, and abdominal cramps. Cholera occurs predominantly in children but can 

also affect adults. It possesses a mortality rate that is alarmingly high among the 

water-borne diseases. People with a suppressed immunity, like those who are 
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malnourished or infected with Human Immunodeficiency Virus (HIV), are at a 

heightened risk of death if they’re infected with the bacteria. 

4          PROJECT OBJECTIVE  

This chapter outline the main reason for the work in this thesis. It gives the 

major findings the outlook of the thesis.  

4.1      SURFACE DRAINAGE  

The objective of the project as it relates to the drainage is to take away safely, 

without excess erosion, the runoff from the community to the Atlantic Ocean. 

By doing this, there will be the creation of a functioning surface drain that will 

channel the water, leaving as little as possible to remain. With this ensured, the 

health and safety wellbeing of the community will be ascertained.  

The channel to be built should take some factors into account. Some of these 

are,  

• The budget of the proposed design,  

• The construction of the design,  

• The materials used on the design 

• The maintenance of the project after construction. 

4.2      COMMUNITY PARTNERSHIP 

The objective of this thesis as it relates to community partnership is to form a 

partnership with the community and projects, the project's ways the community 

can be involved with the project from the planning stage to the construction 

stage, including the leader of the community being involved in being acquainted 

with the designs and maintenance plans of the project to keep it sustainable.  

The planning process begins with ignition and promotional activities, and this 

step aims to sensitize the community to environmental sanitation and hygiene 

issues and to create momentum and a solid platform for community 

participation [] with the community participating, their meetings and 

suggestions and most importantly committee establishment for specific tasks 

within the project framework.  The next course of action will be getting all 

stakeholders together to create a shared understanding of the situation faced 
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by the community, in this case, the flood. This will ensure the involvement of all 

essential stakeholders in the solution of the problem. 

 

5          METHOD OF APPROACH  

Overview 

This chapter explains the steps and approaches to the solutions of the surface 

drainage problems presented in this thesis. This chapter entails all the methods 

used in analyzing the issues and solutions outlined.   

5.1      MAIN CHANNEL SURFACE DRAINAGE  

Traditionally, the problem with flooding and solutions always seem to be solved 
with preference to closed drain, rather than open channel, probably because 
engineers and administrators are accustomed to them. Closed drains have some 
serious advantages, especially for a low-income community like Kpelle Town 
Community in Liberia. Some of these disadvantages are: 
 

• They cost more to build because they require deeper excavations, which 
involve heavy types of machinery, and they also require other expensive 
additional works such as maintenance holes and inlets. 
  

• Maintenance is quite expensive and requires more sophisticated 
engineering techniques and professional individuals 

 
• Mosquitoes breeding is more difficult to control  

 
For these reasons, the project area will go forward with open-channel drainage. 
The open channel comes with its disadvantages too, but it provides good basics 
for the project and its goals. The project area's proposed main channel runs 
through the community to the Atlantic Ocean and will provide the community 
with relief in the flooding situations by draining Stormwater into the Atlantic 
Ocean. The project area covers 31.69 Hectare of S.D. Copper Road Community 
in the local district of Paynesville in Liberia, with most of the land in the lower 
spots. This chapter covers the decisions lending to the selections of the channel 
type and designs, considering the community members' views and social 
acceptance. This chapter covers solutions for situations involving places with 
obstacles in the flow path and protection for the building along the channel.  
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5.1.1   CHANNEL FLOW PATH  

The channel runs through the community from the southeast to southwest, 

where it will enter the Atlantic Ocean. The flow path follows the naturals of the 

surface drainage already existing in the community. With some obstacles to 

buildings and other infrastructures, the path of the flow tends to deviate from 

the existing channel path in some areas. Buildings in the flow path of the channel 

exist in most parts of the project area and make a significant part of the flow's 

obstacle in this situation. With no planning and control of infrastructure 

development in this community, individuals decide how the channel would look 

like within their property line, making it exceedingly difficult to have prismatic 

channel geometric throughout the project area. This alone has a significant 

impact on the flow characteristics of the channel. With these situations existing 

already, the proposed main channel considered the reduction of the situation in 

the flow path, which will make it easier and less costly to implement a solution.  

Figure 9 Map of Proposed Drainage Flow path 
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5.1.2   OBSTACLES IN CHANNEL FLOW PATH   

The project area, like many low-income communities, has a massive problem 

with planning. Most impoverished urban communities in developing countries 

such as Liberia have little or no plan systems or implementation of planning 

regulations in such areas, making it difficult and the problem even worse as in 

the case of the flooding situations of Kpelle Town Community. City planning 

authority plays a significant role in developing a country, thus making it a vital 

ingredient of the government's system. Kpelle town community, like many other 

low-income urban communities, have a significant problem with town planning. 

The implication of this has played a significant role in creating the situation 

flooding in the community. Many homes in the community are built without 

taking it to account the plans for essential infrastructures like drainage for the 

community, thus leading to a misplaced of a majority of homes along with the 

community. In the figure below, the image shows a description of the situation 

occurring in the community, with homes been built directly into the path of the 

channel. This makes one of the primary reasons for the flooding; the water has 

little or no space to flow freely, making an accumulation of runoff in lower spots 

in the community and later backing up into homes that are relatively close to 

these areas. 

Situations like the one explained in the figure do not just impede the flow of 

runoff in the channel but also contribute to the accumulation of stagnant water. 

 

 

 

 

 

 

 

 

 

 
Figure 10 Obstacle in the channel Flowpath 
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6          DEVELOP SOLUTIONS 

Overview  

This chapter covers the solutions for the problems in this thesis. It gives inputs 

that form the objectives of the thesis by providing solutions and 

recommendations outlined in this chapter to meet the goals of the project. 

6.1      SURFACE DRAINAGE CHANNEL 

To determine the kind of channel to use, special attention was given to the social 

capacity of the project area. The type of channel proposed is an open channel 

discussed in chapter 5.1 in detail. This chapter covers the type of open channel 

used in the project and the concepts for surface drainage in the project area. 

6.1.1    BASICS FOR DESIGNING  

It is already established that the concept of having a high budget infrastructure 

as a solution will be challenging to implement due to the social-economic 

context of the project area. The population will reject a project that will provide 

to be highly cost-effective due to the income of the working class. 

Cross section Selection 

With the extensive use of existing open trapezoid channel in stormwater 

management and the varieties of advantages it has when it comes to 

maintenance and finance, the project will be done with something like the 

example in figure   
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Existing Infrastructure  

Existing infrastructure (drainage) is explained in chapter 3.3.1 in detailed. The 

community have little to no infrastructure for a situation like a flooding. Most 

parts of the drainage have been built on by the locals which contribute to the 

flooding problems. The existing drainages in the project area are shown in the 

images below.  

 

 

 

 

 

 

 

Figure 11 Natural Trapeziodal Channel 
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Catchment Area  

The catchment area for the project was established from the area around the 

flood area of the project site. This area is calculated to 31.687 hectares of the 

from the entire project perimeter. This is explained in detail in chapter 3.1 of 

this report.  

Channel Geometry  

The channel geometry was selected to be an open trapezoidal channel. The 

channel is an unlined channel, which will be easy to construct. The  selection 

was made due to the local government's financial viability and the people of the 

community. It makes it easier to clean the channel by residents during build-up 

in the channel with debris. The channel side slope has a slope of 1 in 2 to ensure 

that the channel is stable due to the lack of lining. The channel is designed to be 

a natural flow path, allowing some vegetations to grow within the channel, most 

appropriately on the side slope and bed.  

Figure 12 Existing Channel in Project Area 
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Figure … describes the geometry of the proposed channel with calculated 

perimeters. A more detailed calculation of the dimension of the channel is given 

in the appendix of this report. 

Channel Lining 

The channel will be cover with sow grass whose roots will help hold the 

underlaying soil in place and mitigate the degree of erosion on the channel. The 

channel is design to be as a natural flow path with vegetations at a specific 

length. Figure describes the channel with vegetation lining.  

 

Channel and Obstacles  

The channel in the project area runs through the community, becoming 

impeded by obstacles which could be a full building in the flow path or a new 

Figure 13 Cross-Section of Channel with Vegetation 
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foundation. These situations cause by the infrastructure have a huge negative 

impact on the flow characteristics of the channel. This situation is explained in 

chapter 3.3.1 under existing infrastructures. Figure….. give a description of the 

situation along the channel flow path with obstacles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The obstacles along the flow path of the channel provide two solutions 

scenarios. 

• Relocation of Existing Building  

Figure 14 Obstacle in the Channel Flow path 
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This situation happens when the building within the flow path cannot be 

avoided and is directly in the path of the flow; all must be removed to 

make up more space for the channel. Most of the homes in this situation 

have a smaller number of people living in it and have been valued less in 

comparison to the other homes that are in a similar situation but different 

approach. 

 

 

• Reinforced Foundation of Existing Building 

This situation happens when the buildings along the flow path of the channel 

will cost a high amount to relocate. The design for the stabilized footing of the 

Figure 15 Buildings to be Relocated for the Channel Construction 
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buildings and the channel to gives support in keeping the buildings and having 

the channel in the same place.  

 

The Figures below gives an impression of the solution of situations having larger 

buildings that will prove to be expensive to relocate. The solution includes a 

cross-section of concrete channel that will be installed in these locations to 

provide support for the buildings while channeling the water away from the 

community.  

 

 

Figure 16 Buildings that Proves to be Costly to be Relocated 
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Figure 17 Cross-Section of Situations where building will not be removed for the Channel 

Figure 18 Cross-Section of Channel To be used in Situation where Buildings will not be 
Relocated 
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6.2      SIMULATION/MODELLING IN HECRAS  

Overview  

Cross Section of Channel  

The Channel cross section was compute using excel and later exported to 

HECRAS. The channel stations and elevation coordinates were obtained using 

the formulas for a trapezoidal channel. The channel dimensioning is explained 

in detail in chapter 6.1.1.  
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Figure 19 Plot of Proposed Channel 
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Results from HECRAS  

A full detailed result from the HECRAS simulation can be found in the appendix 

of this report. The program was able to run three profiles for the given 

geometry. The first profile has a discharge of 6 m3/s, the second profile has a 

total discharge of 10 m3/s and the third profile has a total discharge of 8 m3/s. 

The three profiles were calculated simultaneously, and the results can be seen 

in the appendix for each cross sections.  

Below are images of some results showing the normal depth of water in the 

water with different discharge.  

 

Figure 20 Cross-Section of Channel in HECRAS 
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 Figure 21 Cross-Section of Channel in HECRAS with 6 m3/s 
discharge 

Figure 22 Cross-Section of Channel in HECRAS with 10 m3/s 
discharge 
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7          RESULTS AND DISCUSSION  

Main Surface Drain  

The analysis clearly shows that the runoff in the community can be channeled 
through a natural 1200 m trapezoidal channel. The main surface drainage lined 
with sow grass will ensure the flow of the rainwater from the community 
without causing erosion to the channel. The concrete sections along the channel 
are used to ensure the protection of the against erosion and foundation failure. 
The community dwellers themselves can create smaller channels from within 
the community. The community can do excavation for the channel under 
supervision. Material excavated can be added up with additional material to fill 
around the bank of the channel.  
The drainage should be maintained with a special committee for the community 
leaders who have oversight on the supervision. This will ensure the growth lining 
in the channel, ensuring it does not grow too high, and they do not cut too low. 
This will also involve the monitoring of the channel and stop people from 
destroying the channel.  
 
Community Partnership 
 
The main channel runs through the community, along with several community 
blocks. These blocks consist of leaders and bring these leaders together to 
understand the goals for a sustainable project will be paramount. Kpelle Town 
community leadership will have to create a committee responsible for the 
maintenance of the drainage after construction. Before the construction, the 
project will bring stakeholders together from the planning stage to the 
construction, so that everyone can be acquainted with the project. This will be 
paramount in the maintenance phase of the project.  
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9        APPENDICES  

 

9.1    CHANNEL DIMENSIONING  

The following calculations were done in excel and HECRAS. With the runoff 

discharge calculated from the rainfall data, the normal depth was obtained in 

excel by using the goal seek function. With this value, the channel geometry 

was generated in excel. The bed slope, bed width and height of the channel 

were estimated and used to obtain the other values of the channel.  

Figure……. Shows a description of the perimeters form a trapezoidal channel.  

 

• Area of the channel  

𝐴 = (𝑏 + 𝑡𝑦)𝑦 
• Hydraulics Radius  

𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐𝑠 𝑅𝑎𝑑𝑖𝑢𝑠 =  
𝐴𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
 

• Wetted Perimeter  

𝑃 = 𝑏 + 2𝑦√𝑡2 + 1 
• Velocity  

𝑉 =  
1

𝑛
 𝑅

2
3⁄  𝑆

1
2⁄  

• Discharge  

𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 = 𝐴𝑟𝑒𝑎 𝑥 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦  

Below is a table with the calculated value of the Channel dimensions.  

 

Description  Values  Units  

AR 0.90 m 

      

Bed width (b) 2.00 m 

Discharge (Q) 6.00 m3/s 
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Manning's Roughness coefficient (n)  0.03   

Bed slope (S) 0.01  
Qn/Vs  1.50 m 

Normal Depth (y) 0.79 m 

Area  2.82 m2  

Wetted Perimeter  5.53 m 

W  2.24 m 

Hydraulics Radius  0.51 m 

Top width  5.15 m 

velocity  0.02 m3/s 
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