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ABSTRACT 
Floods are phenomena that become more frequent and more intense due to anthropogenic activities such as poor 

land use, improper waste management, uncontrolled urbanization, industrialization … In developing countries, 

the drainage systems are most often limited (if not absent), inadequate or not adapted. Most of the storm drains 

are regularly filled with solid materials that are collected from the environment and conveyed by runoff. Waste 

management in developing countries is very poor and important fractions of the wastes produced are abandoned 

in nature thereby impacting severely on the environment.  

The Abiergué watershed was targeted to study the process of the hydrological transformation of rainfall into 

runoff that conveys solid waste within a drainage system. The aim of this research was to develop a model that 

will enable the simulation of waste flow with respect to a specific rainfall pattern. It will permit to quantify the 

total solid wastes in circulation in a drainage system and as such provide appropriate and significant information 

on the role played by these wastes which can be used for engineering new adapted systems in developing 

countries. It was found that the solid domestic wastes and soil sediments evolved following a linear and a 

quadratic pattern respectively with respect to runoffs. 
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I. INTRODUCTION 
It has long been known that, as long 

humans have lived in settled communities, solid 

domestic waste generation has been an unavoidable 

and decisive issue both in developed and developing 

nations. As a result of poor land use and 

consumption habits, significant amounts of soil have 

eroded from landscape and the amount of solid 

domestic waste produced from households has as 

well considerably increased with subsequent 

delivery into the drainage system. These wastes 

affect the effective evacuation of storm water from 

drains thereby causing floods to occur. Domestic 

waste management constitute a thorn to most 

countries characterized by a developing economy. In 

most African cities the efficiency of waste collection 

structures barely reaches 50% ([1]; [2]; [3]; [4]; [5]; 

[6]; [7]; [8]). A substantial amount of these waste 

still remain uncollected in nature. 

Many inhabitants of cities characterized by 

a developing economy, carry out illegal practices as 

far as waste management is concerned. They 

practice different forms of unauthorized dumping: 

open dumping (dumping in open areas), fly dumping 

(dumping from vehicles), midnight dumping or 

wildcat dumping (dumping at night period) [9]. 

These wastes are regularly carried alongside with 

runoff and are most often abandoned in these 

structures which latter on significantly impact their 

functioning. Poor land use practices such as urban 

agriculture, quarrying, greatly affects the flow of 

sediments into receiving structures such as storm 

drains and water bodies.  

The growing tendency of dumping waste in 

nature will continue to impact severely on the 

efficiency of storm drains and has to be considered 

in the mitigation of flood development in countries 

characterized by a developing economy [10]. 

Consequently, the specific objective of this research 

is the development of a mathematical model of the 

solid discharge flow within a drainage system. 

 

II. METHODOLOGY 

Situated utterly within Yaoundé, the 

watershed of Abiergué is located between latitudes 

3
o
53’30’’, 3

o
54’0’’North and longitudes 11

o
26’30’’, 

11
o
30’00’’East. According to the latest 

administrative zoning (carried out in 2008), this 

watershed is found within the district of Yaoundé II 

and VII, department of Mfoundi, Center region, 

Cameroon, Africa. The localization of this watershed 

is as illustrated in fig 1. The Abiergué hydrography 

is characterised by a third order stream (Strälher-

horton classification), an average bifurcation ratio of 

3.7 and drainage density of 1.58km/km
2
. Fig 2 

presents the hydrography of this basin shows a 

stream of the third order with an average bifurcation 

ratio of 3.7 [11]. The stream flows south – west, on a 

distance of about 8 km, towards the Mefou River 

that it joins at the Nkolbisson district [12]; [13].
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Figure 1: Localisation of the area of study 

 

This watershed is characterized by a sloppy 

relief (ranging from 0 to 15%), with the most 

abundant class being that of 0 – 4% [14]. The 

highest altitude of this watershed is 885 m and the 

minimum altitude is 610 m.   

Just like its mother town, the Abiergué 

watershed has a bimodal rainfall regime with two 

dry seasons and two wet seasons. The average 

annual precipitations in Yaoundé are about 1600 

mm. The inter-annual average monthly temperatures 

vary from 22.4 
o
C and 25.7 

o
C with 1500 – 1750 

hours of annual sunshine [14]. The hydrographic 

network of the city is very dense with numerous 

drainage sub-basins. These ensure that the natural 

drainage of the city is very good [15]. 

 

 
Figure 2: Hydrology of the watershed 

 

The relief of the study area also has the 

main features found in Yaoundé which is that of: 

hills, low-lying areas with swamps etc. The 

population of the study area is estimated to be 201 

677 inhabitants, with a growth rate of about 3.1% 

[16]. This rapid increase in population pushes people 

to seek and occupy land in risky areas (steep slopes, 

valleys, wetlands) of existing districts. Abiergué is a 

highly cosmopolitan area regrouping most of the 

ethnic groups of Cameroon. 

2.1. Data collection 

Many hydraulic engineers and 

geomorphologists have for long tried to establish 

relationships that could permit to determine the 

quantity of solid particles transported by runoff 

water within drainage systems. Many methods have 

been discovered ranging from empirical formulae to 

those involving the use of models. Some of these 

methods estimate the volume of sediments in a direct 

way and others in an indirect way utilizing hydraulic 

data of the channel in which water flows as well as 

its characteristics [17]. It is in this regard that soil 

traps (precisely the check dams and trenches) were 

used to assess the experimental parameters (solid 

domestic waste and soil sediments). Check dams, 

trenches are used for quantifying solid particles in 

runoff but can equally be used combined or 

individually depending on the objective of their use 

or of the study. Soil traps are temporary devices 

installed on a construction site to capture eroded or 

disturbed soil that is washed off during rain storms, 

and protect the water quality of a nearby stream, 

river, lake, or bay [18]. 

 

2.2. Engineering and construction of check dams 

Check dams are structures designed to 

retain gross particles and can be made out of planks, 

metal or plastics. The check dams design for this 

research were made up of a wooden frame on which 

was attached wire gauze. Small spacing was chosen 

for the wire gauze. Indeed, the objective was not to 

prevent water from flowing but to retain gross 

particles and slow the flow of water. The wire gauze 

had the net spacing of 2 cm. 
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It is important to note that not all solid 

particles are responsible for storm drain blockages, 

suspended particles flow easily to main water bodies 

in the drainage basin meanwhile those of more 

significant size sometimes settle in these channels 

and their accumulations ends up by blocking the 

drains. The suspended material generally, can 

contribute in blockage of the channel only after the 

more significant ones or other solid materials such as 

solid domestic waste have already settled in and/or 

paralyzed the channel. That is why the present 

research focalized on those particles susceptible to 

initiate the blockage of the channel. It is from such 

judgment that the spacing of the wire mesh was 

established. 

In natural drains, trenches (fig 3) were used 

together with check dams. Within the trench an 

additional wire gauze material was placed at its base. 

This material was to be the structure on which the 

transported solid material in the runoff which 

crossed the check dam was to be dropped on. It had 

to give the possibility for water to drain throughout 

easily leaving behind it the material of interest (soil 

particles). The wire gauze used here had a net 

spacing of 0.5 cm. 

 

 
Figure 3: Soil trap (check dams and trench) 

 

2.3. Monitoring 

Fig 4 illustrates the 16 sampling points in the watershed that were chosen for collecting the solid wastes 

transported by runoff. Four neighborhoods were targeted for collecting the samples and in each of the 

neighborhood, soil traps were installed in two types of drains: Natural and artificial drain.  

After every rain event, the content of the various storm drain were removed sorted, and their weights and 

volumes were determined in situ. 

 

 
 

 

Figure 4: sampling points in the watershed chosen for collecting the solid wastes transported by runoff 

 

2.4. Modelling 

The collected data were processed with 

different computer software programs. The main 

purpose of working with these various software 

packages was to rapidly and efficiently determine 

the existence of any relationships between the 

different variables under study and if yes, how 

significant the relation was and of what nature. This 

was to enable the elaboration of mathematical 

models that will best describe this hydrological 

behavior within the drainage basin. In order to 

ascertain the causal effect of one of the variable 

upon the other, the freeware called ® (version 3.1.0) 

was used. ® is a software package for scientific 

development that uses a programming language 

specialized in calculations and statistical analysis 

[19]. In order to understand the hydrological process 

of the transformation of precipitation into runoff 

which later on, conveys waste within a drainage 

basin, the software program STELLA (version 10.0) 

was used. STELLA (an acronym for Structural 

Thinking Experimental Learning Laboratory with 

Animation) is a software package that permits to 

simulate the dynamic function of a liquid system, to 

Sampling points 
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follow their evolution [20]. This software package 

enabled to simulate within its environment this 

hydrological behavior. The simulation was to 

describe the behavioral pattern of one variable with 

respect to another (in case a relation existed) from 

which the nature of the relationship could be 

identified. The various variables processed in ® to 

determine the existence of the relationship were used 

as entries for the model. The variables were: 

Precipitation; Solid domestic waste and Soil 

sediment.  

A number of hypotheses were formulated 

for the exercise. The results (transformation process) 

generated from these interactions using STELLA 

which were to be closest to the data obtained from 

the field were that considered as the model. The 

rainfall was used in the models as the component 

responsible for conveying the waste (solid domestic 

wastes and soil sediments) particles but in reality, 

the volume of waste is found to evolve with respect 

to the effective rainfall which is, the part flowing 

directly when in contact with the soil (runoff). 

Within a drainage basin, rain is transformed into 

runoff with respect to a coefficient that depends on 

three main factors: slope, soil cover and type of soil. 

This runoff coefficient takes into consideration: 

Evaporation; Infiltration and storages in depressions. 

With respect to a surface area A, the volume of 

runoff is linked to rainfall R as shown on equation 1. 

                                                  (1) 

Where  

- Vout = Volume of runoff at the outlet (m
3
) 

- A = Surface Area (m
2
) 

- Cr = Runoff coefficient  

 

Cr can be looked upon as the ratio between the 

volumes of water that flows at the outlet Vout of a 

point to the total volume of water (Vtot) that fell in 

that drainage basin [21] 

                                                           (2) 

But Vtot = R x A                (3) 

Replacing (3) in (2) 

            (4) 

           (5) 

The ‘Cr’ used in this case was obtained 

from previous studies [8]. It was chosen based on the 

nature of the drainage basin. ‘A’ was determined 

with the use of GIS tools and ‘R’ was obtained from 

local meteorological stations. With equation (5), Vout 

was assessed for the various settlement types 

identified in the drainage basin and later on used to 

determine the constants of the model so as to have 

the volume of waste as a function of volume of 

runoff; waste= fn (Vout). This was computed with the 

help of Microsoft Excel. 

 

2.5. Testing and validating the model 

Once the models were designed, 

simulations were carried out to compare the 

significance of their result. Other collection 

campaigns were organised to collect waste data from 

the same experimental sites for a significant period 

of time. Graphs were drawn presenting both results 

(simulated and field waste) from which various 

trends were observed and the closeness of their 

results were determine. In case a significant 

difference existed between the theoretical and 

practical results a calibration would be necessary. 

The Pearson’s correlation was used to figure it out 

using the statistical tool SPSS. 

Pearson’s correlation coefficient is a 

statistical measure of the strength of a relationship 

between paired data. In a sample it is denoted by r 

and is by design constrained as follows [22]: 

1 ≤ r ≤ 1            (6) 

Correlation is an effect size and so can verbally 

describe the strength of the correlation using the 

guide suggested by [22] for the absolute value of r 

(correlation coefficient): 

- .00-.19 “very weak” 

- .20-.39 “weak” 

- .40-.59 “moderate” 

- .60-.79 “strong” 

- .80-1.0 “very strong” 

 

2.6. Rainfall/Runoff measurement 

The model was initially developed making 

use of runoff values computed from rainfall and 

runoff coefficient. However to have results that 

translate the field reality, in the course of the 

validation of the model, a rangefinder (fig 5) 

developed from the university of Dschang in 

Cameroon was used to assess on the field the various 

values of runoff. 

 



Ndongo Barthelémy.et.al. Int. Journal of Engineering Research and Application           www.ijera.com 

ISSN : 2248-9622, Vol. 7, Issue 6, (Part -4) June 2017, pp.76-84 

 
www.ijera.com                                DOI:  10.9790/9622-0706047684                           80 | P a g e  

 

 

 
Figure 5: Rangefinder and it components 

 

1 = The emitter unit of the rangefinder. 

2 = The receiver unit of the rangefinder. 

3 = The PC unit within which the collected data were stored. 

This instrument functions following the principle of echo-localization system of some mammals like bats or 

dolphins. It involves emitting waves (from emitter of the rangefinder) that travels a certain distance (with regard 

to the capacity of the instrument) to the targeted element (runoff or drain) and once it meets the obstacle, it 

bounces on its surface and is sent back to the instrument (receiver of the rangefinder) that records data. 

 

III. RESULTS 
3.1 Relationship between experimental variables 

The generation of box and whisker plot 

graphs with ® (fig 6) showed that the variations 

between the variables were very high, enough to 

admit the existence of a relation between the 

variables despite the fact that it was not very explicit 

to permit to identify what type of relationship it was. 

The analysis was pushed further using STELLA 

which could readily tell on what bases and how far 

these variables were related. Using STELLA, a 

modelled scenario of the hydrological 

transformation was carried out, so as to bring forth 

the nature of the relationship between the various 

variables under study. Going from the idea that they 

was no clear direct link between the variables, a 

good number of assumptions were made by 

proposing various types of equations (linear, 

exponential…) as well as nature of variables 

(cumulative values or not…) and running the 

simulations, comparing at each time the results with 

that collected on the field. Final results were 

obtained when their average significance values 

were greater than 0.95. 

STELLA revealed that the solid domestic 

waste and soil varied following two distinct patterns: 

a Cumulative Linear pattern for solid domestic waste 

‘sdw’ (Vsdw = a × R + b) and a Cumulative Quadratic 

pattern for soil sediments                     (Vsoil sediments = 

a × R
2 
+ b × R + c) with respect to precipitation itself 

a Cumulative function, 

Where: 

Vsdw= Volume of Solid domestic waste 

Vsoil= Volume of soil sediment 

a, b and c = constants 

R = Rainfall (precipitation) 
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a) Variation between soil sediment and rain           

 
b) Variation between solid domestic waste and rain 

Figure 6: Variation between and solid waste and rainfall 

 

TABLE 1 presents the values of the various coefficient obtained after analysis of the data using runoff as the 

conveying agent obtained from field measurements. 

 

Table 1: Equations of the relationship between wastes and precipitation 

 

 
2.7. Simulations 

The results of the volume of wastes obtained through simulations with these equations were compared with the 

volumes of waste collected from the field. Fig 7 and fig 8 illustrate graphically the trend of both curves. 
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Figure 7: Correlation between values of simulated and collected solid domestic wastes in artificial drains 

of structured and squatter camps 

 

 

 
Figure 8: Correlation between values of simulated and collected soil sediments in artificial drains of 

structured and squatter camps 

 

For the squatter (or spontaneous) and structured settlement, the correlation coefficient obtained were as follows 

(with regard to [23]’s guide): 

- For SDW 

0.666 for Etetack (Spontaneous settlement),            = strong 

0.551 for Oyomabang (Structure settlement),          = moderate 

0.554 for Nkolso (Spontaneous settlement),             = moderate 

0.718 for Cité Verte for (Structure settlement).        = strong 

- For Soil Sediments 

0.716 for Etetack (Spontaneous settlement),            = strong 

0.717 for Oyomabang (Structure settlement),           = strong 

0.564 for Nkolso (Spontaneous settlement),             = moderate 

0.556 for Cité Verte (Structure settlement).              = moderate 

 

 

 

The correlation coefficient is found to be 

varying between moderate and strong with a more or 

less balance between the structured and spontaneous 
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neighbourhood. This result expresses the precision 

of the model and as such it can be concluded that no 

adjustment is necessary for the various models. 

 

2.8. Impact of waste on the volume of runoff  

In spontaneous neighbourhoods, the 

increase in volume of runoff accounted for, by solid 

domestic wastes and soil sediments range from 6 to 

7% for Etetack and 2 to 9% for Nkolso. This implies 

that for spontaneous settlements, the increase ranges 

from  2-9 %. In structured settlement, the increase in 

volume of runoff accounted for by solid domestic 

waste and soil sediment are 4 to 10% for Cité Verte 

and 4% for Oyomabang. This implies that for 

structured settlements, the increase ranges from 4-

10%. 

 

IV. CONCLUSION 
From a practical point of view, this research 

develops a novel approach in the contribution of the 

fight against floods via the development of a local 

models that predicts the amount of solid waste in 

circulation in an urban environment with respect to 

runoff. The model was tested and validated under 

practical circumstances. The simulations permitted 

to evaluate the impact of the solid discharge in the 

increase of the total volume of runoff.  

The results of this research can be an extra 

tool used by decision makers, geomorphologists, 

hydrologists and water engineers for implementation 

in various aspects or domains. This notwithstanding, 

the applicability of this model should be further 

investigated for other urban watersheds. 
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