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Abstract -  Most of the contents found in road-side ditches herein the “sending” or “dumping” or “transport” channels and the 

“receiving” channels are a result of water or wind. Such contents affect the flow characteristics in these channels to some good 

extent and were the aim of the study. Quantitative methods through the experimental design was vital in the study. Five 

experiment spots were considered for the study from the western, central, northern and eastern areas of Uganda.  Findings 

showed that the particulate matter comprises majorly of polyethylene, fabrics and gravel materials. These were more evident 

in both channels. This results from illegal dumping by several parties like market vendors, transport/transit -related 

personnel/points, motor garages among others. They slow down the flow process when they are dunned, and increase the 

process when they are rilled. It was found out that the latter increases the sediment content in the “receiving” channel. The  

rilling was basically considered for the sending channels and the dunning for the receiving channel. A mathematical 

conceptual model was developed to synchronize the rilling and duning in channels.  The findings shall help in improving the 

dumping behaviors, the clean-up procedures, solve several environmental concerns, and used as a basis to develop the actual 

flow model for such channels. 
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I. INTRODUTION 

 

Drainage for the two levels according to Mubiru [1], 

covers major drainage networks in cities, 

municipalities and townships; the household level 

involves channeling away surface water or runoffs and 

waste water from individual households to the main 

drain which finally joins the main drainage channel. 

These means that they carry contents right from the 

household level to national level. Therefore, the 

contents vary from storm water which is mainly a 

product of precipitation, waste water or sludge, and 

sewage or human wastes. In Uganda storm water, 

among others, ranks among the major problems when 

it comes to management and this is mainly due to 

inadequate facilitation and inefficient management, as 

features of poor or lack of training.  Drainage and its 

attributes world over, and in developing countries in 

particular, have had implications on development of 

urban areas [1]. 

Waste water, rain water, leak water and sewage is 

transported through artificial and natural drainage 

systems.  There is need for sustainable drainage 

systems are to manage the water quantity (thereby 

controlling floods) and water quality (to control 

sedimentation) for a proper environment.  Drainage 

channels are intended to regulate surface water runoff 

and provide opportunities to reduce the causes and 

impacts of flooding, remove pollutants from urban 

runoff at source, and combine water management with 

recreation and wildlife. They also help to enhance 

water quality while protecting natural flow regimes in 

watercourses [2]. 

The flow characteristics were targeted from the source 

of the drainage contents and how they end up in these 

channels. What are actors behind these contents and 

how they affect the flow, were of concern. These shall 

help on control and management of the channels 

especially when it comes to routine clean-ups [3] 

In fact, urbanization leads to increase in population 

from various backgrounds and it is also associated 

with poorly planned infrastructural development [4]. 

There is a great need for properly managed sustainable 

drainage systems in many parts of developing 

countries. Residential, commercial systems and 

developments keep springing up without proper 

planning. Such developments require planning for 

drainage and sewage or waste disposal. People in such 

establishments regularly dump their waste in the 

channels (gutters), and this clogs and overflows them 

when it rains [5]. This also floods litter and other 

drainage contents, degrades the environment and 

finally speeds up the transportation process to the 

receiving channels. Urban flooding arises when the 

urban rainwater channels capacities are overwhelmed 

by rainwaters generated from rainfall and spills into 

adjoining properties which are inundated throughout 

the period the conditions are sustained. Associated 

consequences include disruption of social-economic 

activities, utility supplies, communication, 

transportation, loss of properties and human lives [6].  

 

II. METHODS AND MATERIALS 

 

Various observational and measurable experiments 

were done on the sites from both the dry and wet parts 
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of the “sending” and “receiving” drainage channels 

for both in wet and dry seasons. A set of samples of the 

contents of the drainage channels were picked for 

scrutiny through direct, laboratory and observational 

testing. The samples were analytically picked from 

already ear-marked drainage areas ranging from 3 to 

30 square meters from the part of the “receiving” 

channels from eastern, central, western and northern 

Uganda. From these blocks, the study picked a total of 

10 samples of 50kg from each area were analyzed for 

several experiments like the quantity of specific 

contents like polythene, fabrics and gravel and soil 

fertility in the “receiving” channels. These quantities 

were proportioned against the channel sizes for further 

analysis as observed in Tables 1 – 3. 

The flow characteristics basically aimed at studying 

the source of the drainage contents, how they end up in 

these channels and their transportation characteristics 

as identified in the observational experiments. What 

are actors behind these contents and how they affect 

the flow were other factors of concern. These shall 

help on control and management of the channels 

especially when it comes to routine clean-ups of the 

road surfaces and drainage channels [5]. The 

identification of parameters in such flows helped in 

the construction of a simple conceptual model to 

reflect this flow. 

 

III. FINDINGS 

 

When drainage systems are poorly maintained, waste 

management habits can adversely affect our 

environment through flooding, erosion, and possibly 

environmental degradation. Several effects of all this 

include among others: Loss of human life, damage to 

property and deterioration of health especially from 

stagnated water.  

Observational and laboratory results showed that 

“transport” and “receiving” drainage channels are 

composed of several contents from both the wet and 

dry samples which affect the flow characteristics. 

Whereas our focus was on the urban drainage channels, 

we focused on some major channels like Lubigi in 

Kampala and others. Some have a completely different 

eroded content from the others. The focus here was on 

channels with possibly all contents from mud to gravel. 

Table 1 to Table 3 clearly show the contents per the 

given samples. 

 

3.1. Dry Samples 

These samples were picked in weights of 50kg and 

contained the following contents among others: 

Human hair/braids, clothing (elastics, under wares), 

polythene materials (drinking straws, packaging 

materials like for sweets, used condoms, bread), 

plastics (cups, plates, puff-holders, toys), old shoes, 

sugarcane husks, etcetera. The markets around and 

near roads (roadside drainage channels) do works as 

refuse bins by the vendors in addition to the contents 

from households around the channels. These people 

illegally damp all their wastes in the transport 

channels. Although these may cause flooding, they 

decompose sometimes cause  

 

3.2. Wet Samples  

These samples had a stinky smell with the same 

content types but with other living organisms. They 

were picked as a mixture of water and the contents, or 

as only the water form. The latter samples were taken 

to the analytical laboratories for testing of infectious 

organisms to the surrounding communities. The focus 

here was on the living organisms around and in the 

channels and this was to be analyzed in another 

manuscript. 

 

3.3. Effects Of Sediment Content On The Flow 

There are various effects of sediment content on the 

flow. Whereas this study experimentally focused on all 

sediment contents, the analysis of flow looked at the 

common contents found in the drainage channels. 

These were mainly gravel or silt, polythene and fabrics. 

These were analyzed in terms of weight in relation to 

the drainage area considered in the block and how the 

density may affect flow.  The effects of these are 

discussed in the sections below.  

 

3.4. Stones Or Silt 

This ranged between 0.01mm to 2ft wide of the 

concrete hard stones (gravel). These affect the flow 

depending on various factors like the roughness factor 

which greatly affects the sediment built-up (dunning 

and eventual flooding) or carrying gravel and other 

contents (rilling). Table 1 shows the number of 

samples and the quantity of gravel or stones, polythene 

and fabrics present. 

 

3.5. Polythene/Plastics 

These comprise the biggest part in drainage channels. 

They are usually used in packaging as plastic bags, 

plastic films and containers among others [7]. The 

plastic additives like Bishpenol A (BPA), Phthalates 

and flame retardants are used in developing food and 

beverages containers, flexible PVC, electric/electronic 

equipment and upholstery among other uses. BPA is 

one of the common causes of diseases like diabetes [8] 

 

3.6. Fabrics 

 These have diverse effect on the flow especially when 

it comes to sedimentation. They accelerate the duning 

process and this blocks the drainage channels and 

possible flooding. Depending on the nature of the 

fabric, flow of water may be affected even by the 

smallest piece of fabric as it can easily be blocked by 

other contents.  
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These contents increase the water density and the 

speed of the flow which eventually affects flow. It 

should be noted that: 

                                      (1)                                                

Where is the mass flow,   is the volume flow and 

 is the density. However, the same contents may stop 

or even block the flow for some time and therefore 

reduce the speed of the flow. 

 

 
Table 1: The Number of Samples and the Quantity/Weight of 

Gravel, Present 

 

3.7. Proposed Conceptual Model 

Conceptualization from observation of physical 

existence and conceptual modeling are necessary 

means humans employ to think and solve problems. 

Therefore, construction of the conceptual model is a 

good step in the preliminary and final model 

formulations. Developing a conceptual model required 

the knowledge of the parameters involved in the flow 

process. The main parameters identified for this model 

are the nature or make of the structures that feed the 

„transport‟ channels (M), size of channels (Sc), repairs 

or maintenance (P) and the channel content (Cs). 

Other parameters are the erodibility ( ), discharge 

( ) parameters, and shear stress ( ) dynamics, time 

and stress factors (t, ).  = erodibility parameter, 

 = critical shear strength. This leads to 

the following conceptual model in equation (2): 

    ))                                                            

(2) 

This is expected to be developed further in to a 

mathematical model as we make further analysis on 

this flow. Some parameters may need to be combined 

when the final model is being developed as seen in the 

next section.  

 

IV. DISCUSSION OF RESULTS 

 

Polythene is the most common plastic since [update]100 

million tons of  polyethylene resins are produced 

annually as of 2017, and accounting to 34% of the total 

plastics on the market [7]. It is usually a mixture of 

similar polymers of ethylene with a chemical formula 

 for varying values of . This formula picked 

on oil as one of the components during the 

manufacture of plastics. Nearly 10 percent of all of the 

oil consumed each year goes towards making plastic. 

In the U.S. alone 12 million barrels of oil are used each 

year to produce plastics bags, which makes more than 

100 billion plastic bags [9]. In Uganda, we import and 

even manufacture polythene in most forms afore 

mentioned, although the burn for the same has been 

passed. 

Plastic bags continually cause harm to natural 

environments from the beginning to the end of their 

life cycle basing on their biodegradable properties. 

Some polythene release chemicals through climatic 

changes or from the contents they carry which affect 

the flow directly through slowing or even blocking the 

flow completely [9][10][11]. 

Plastic bags are easily blown by wind and carried long 

distances getting stuck in trees or going into storm 

drains. If plastic bags do end up in storm drains they 

are carried out to sea or they contribute to clogging 

them [12]. Polythene bags and bottles clog channels 

and can lead to flooding during large rains. They also 

create big areas of standing water, which are breeding 

grounds for disease carrying insects, like mosquitoes. 

Such status of channels can only be cleared of this 

mess by removing every content which in the end is 

very expensive. Supposedly, these channels are 

cleaned every after four months for most municipal 

authorities in Uganda. However, this is also not 

fulfilled and when done, they work on a very small 

part only to allow some flow. The other model that was 

used in Lubigi, for example, was the widening of the 

clogging channel to accommodate more polythene 

materials.  

Business areas like markets, situated along the roads 

are associated with various problems like making the 

roads narrow by congestion and the drainage at such 

spots is in most cases filled up with rubbish deposits 

which hinder the normal drainage hence causing 

flooding and sedimentation on roads.  Further, it is 

observed that there are many illegal dumping points 

(dust bins) along roads. Similarly, there is piled 

sediment that is picked from the ditches which is left 

for long along roads. This normally happens with 

town streets and their suburbs. This is a wrong practice 

because such refuse takes long to be picked and 

eventually are eroded to the roadside ditches finally 

causing poor drainage and sedimentation. These are 

coupled with building materials that are put alongside 

roads in hips. These contribute to the gravel content in 

the drainage channels which also contribute majorly to 

the flow characteristics [5].  

The deposed plastic bags and bottles end up in 

landfills which occupy space within the flow channels 

because they take long to be removed. More so, they 

https://en.wikipedia.org/w/index.php?title=Polyethylene&action=edit
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take more than four hundred years to degrade 

completely [13]. Sometimes, they are used as culverts 

when they are filled with gravel soil which finally 

worn-out breaks away because of friction from passing 

vehicles or by weather as seen in Figure 1: 

 

 
Fig. 1: Polythene Blocks and Duning in Concrete Drainage 

Channels 

Depending on the weave density and the yarn count, 

fabrics can also affect water flow greatly. High density 

and increased yarn reduce flow. Such fabrics may have 

been carried for some time where they block the 

channels where they are designed to sieve contents.  

Gravel materials depending on the size by the 

diameter show different characteristics within the flow. 

The following particle diameter classifications by Rijn 

[14] were considered for this study because they were 

evident from the samples taken and within the direct 

observation of the flow. Noted also was that the 

samples considered a sieve range of 0.43mm to 20mm 

as from Table 1. It is comparable to that of Muni [15] 

that gives another major classification of 𝐴𝑖,𝑖=1(1)7 

that is used in several engineering projects [16].  

 

 
Table 2: Classifications by Particle Size 

                                               

Therefore, the weights considered in Table 1 are far 

less in actual weight in reality since some gravel 

diameter was not considered yet the rate of 

sedimentation is rather high. This was because the 

study was interested in the weight or quantity analysis 

within the flow. The study found out that in every 50kg 

sample of the drainage content picked, there is an 

average of 0.443 kg of polythene material, 1.363kg of 

stones and 0.161kg of fabrics.   

The flow rate or discharge rate in the channels could 

be handled by Manning‟s equation (equation 2) [3]. It 

relies solely on channel characteristics of which the 

usual road drainage channels are considered for the 

study. These are easily measured using his formular 

and channel characterization for the roughness 

coefficient in Table 3.  

                                                                              
(2) 

𝑞 is the discharge (𝑚3/𝑠), 𝐴 is cross sectional area of 

the channel (𝑚2), 𝑅 is the hydraulic radius (𝑚), 𝑆 is 

the slope of the water surface., and 𝑛 is the roughness 

coefficient. This coefficient depicts values between 

0.01 to 0.1.   

 

 
Table 3: Manning's  for Natural Stream Channels  

(Surface Width at Flood Stage Less than 30 M) (Highway Task 

Force, 1971) [Kincaid, 1986]. 

 

The high flow in drainage channels can be explained 

by the high flow and discharge velocities as identified 

in the experiments done especially during the raining 

interval [16]. Rilling and duning increase with more 

discharge depending on rill/dune bed formation, 

content being carried and on the increased flow 

velocity. It also happens when the shear stress 

condition  holds, or the otherwise. Similarly, 

the discharge (  ) or the transport capacity of a grain, 

a fabric, or polythene piece at a particular time interval 

should be less than the stress necessary to move a 

particular particle of any of these contents identified 

for this study i.e.    

It should be noted that the shear stress factor is a better 

predictor of the erosion potential than velocity. This is 

because it considers the actual force of water on the 

boundary of the channels with reference to what 

contents and the slope of the flow [17]. Finally, the 

erodibility condition considered in this paper suits that 

of the highly erodible soils and other items like 

polythene,  [18][19] hence causing 

rilling.   

The condition τc ≥ ρi means that a rill is initiated when 

the critical shear stress is greater than or equal to 

sediment particle size class i.  That was the reason for 

most sediment carried to be finer than dp > 2 mm 

during the rill formation process and dune formation 
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for dp < 2 mm [20]. The study also suggested further 

research tips such as constructing a real mathematical 

model to describe the flow such that erosion and 

deposition of the contents is catered for throughout the 

transportation and deposition stages.    

 

IV. CONCLUSION 

 

A selection of different chemicals within the 

development formula of polythene can improve its 

properties for better degradation. Although some 

degradation may be harmful to living organisms to 

different environment exposure like light, humidity 

and temperature, this may be better for the flow if 

polythene can degrade faster or allow better flow 

characteristics. Therefore, cutting polythene bottles 

and bags in smaller pieces, burning them, or even 

recycling them are the other immediate ways to 

improve flow in channels.  

Reducing or completely disregarding the use of 

polythene may be an important step for any 

government to reduce the negative impact. However, 

this varies from one administration to the other. 

Moreover, if authorities take long to clean/empty 

drainage channels, polythene is buried in landfills. 

This greatly extends the amount of time required for 

them to breakdown because of reduced exposure to 

temperature and other factors.  

Fabrics and polythene can be reduced or avoided 

completely through sensitization about its dangers and 

being more patriotic. Old fabrics may however be 

burnt to ashes to reduce its effect on the flow. 

Bi-laws on sanitation are necessary to curb the 

unlawful dumping along the roads. Governing 

authorities for towns and city suburbs (markets or 

business centers can administer the proper dumping 

and proper use of the road reserves. Guidance and 

counseling over the proper use of the road and its 

reserves is necessary[3]. 
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