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ABSTRACT 

This study was carried out to investigate the performance of rural road drainage systems in 

Uganda, a case study of Katakwi district roads. Specifically, the study covered the assessment 

of the current state of rural road drainage condition; the factors affecting the performance of 

rural road drainage systems, and the development of sustainable drainage management 

solutions for rural roads. The study adopted the analytical research design utilizing both 

qualitative and quantitative approaches to the research. Data was collected from 15 roads 

using observation methods and photography.  The study established that none of the rural 

roads surveyed had good drainage systems. The findings show that 18 per cent of the 

drainage systems were in a bad state which means that they were in danger of failure or had 

already failed. Furthermore, the majority of the entire rural road drainage systems i.e. 68 per 

cent were in a poor state or needed major interventions, while only 14 per cent were in a fair 

state which was an indication of the requirement for minor interventions. The study also 

observed that the key factors affecting the performance of the drainage systems of key roads 

in Katakwi district included poor land use, topography, poor workmanship and construction 

practices, lack of or inadequate maintenance and flooding. However, the major factor 

contributing to the poor status of the drainages were lack of proper designs and lack of 

maintenance. The design for the improvement of the drainage system focused on road side 

drains for Korikori-Kapujan. The design which included estimation of catchment areas, 

calculation of design discharge and hydraulic design was done with a result of a trapezoidal 

section with bottom width of 200mm, depth of 300mm, and side slopes of 1:1. The study 

recommended that maintenance practices should be given priority; this includes removal and 

cleaning up of the drains. This can be achieved by increasing budgetary allocation for 

maintenance. 

 

KEY WORDS: (Drainage, rural road, performance, culverts, design) 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the Study 

The Katakwi district is located in the Teso sub-region of the Northern Highlands of Uganda 

within the Lake Opeta and Bisina wetland system. It is characterized by extensive plains with 

grassy savannas and frequent shrub vegetation, prone to flooding (Nature Uganda, 2010). The 

weather in Katakwi District is unpredictable, with intermittent heavy rainfalls during the first 

and second rainy seasons from March to June and August to October, causing inundation and 

flooding in many parts of the district. Average annual rainfall varies between 1000mm and 

1500mm. There are also typical sub-counties with very high flood risk such as Ongongoja, 

Palaam, Ngariam and Magoro, while other parts of the district are rated as moderate flood 

risk. Floods pose a major threat to local roads and can frequently damage road structures 

(Bles et al., 2016), with long-term side effects such as massive disruption of traffic and access 

to emergency services (Versini, Gaume, and Andrieu, 2010). The Katakwi district has several 

arterial roads totaling about 125 km, but rural arterial roads make up the bulk of the district's 

road network at 314 km or 72%. 241.88 km of rural highways are passable or passable by car 

(UNDP, 2019). In poor condition are roads with inadequate drainage systems. Currently 12% 

of the rural road network is in good condition, 18% in fair condition, 70% in poor condition 

(UBOS, 2020). 

Therefore, rural roads in the district should have drainage systems of sufficient capacity to 

drain all accumulated standing water, especially in flooded areas where special precautions 

should be taken (New Jersey - Transportation Ministry, 2015, Road Design Manual). Local 
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road structures must have adequate drainage to remove precipitation from the surface as 

quickly as possible. Otherwise, premature deformation and pavement deterioration will occur 

(Gichaga, 2017). In Uganda, more so, Katakwi District, there are many such roads which lack 

proper drainage systems. Sustainable and long-term planning is crucial and thus the 

consideration of good drainage constitutes an important input for decision-making in 

planning for the rural road infrastructure in Katakwi District. This research, therefore, was 

concerned with the improvement of the performance of rural road drainage systems in 

Uganda. 

1.2 Statement of the Problem 

Intermittent heavy rains have caused persistent flooding and landslides across the country 

(Uganda Road Fund, 2020). Several areas of northern Uganda are at risk of impassable 

critical infrastructure, such as the Gweri road between Soroti and Katakwi in eastern Uganda 

flooded by the Awoja River, and the completely blocked Ajeleiek Bridge to Amuria. In 

addition, cracks in rural roads in Katakwi District, which are believed to be caused by weak 

soil, have occurred as a result of inundation of some road sections as a result of inadequate 

drainage on some road sections after heavy rains have occurred. This has made passenger 

transport extremely difficult, slowing business and impacting economic growth. Figure 1.1 

below shows poor drainage along one of the roads threatening road quality in Katakwi 

district.  
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Figure 1. 1: Poor drainage along Usuk-Ongongoja road which poses threat to the 

quality of roads in Katakwi district 

If the current situation is not addressed, it would affect the economic growth of the 

population hence hampering the area’s development. It is against this background that the 

researcher conducted this study towards the improvement of the performance of the drainage 

systems in the rural roads of Katakwi district. 

1.3 Objectives of the study  

1.3.1 Main objective  

The main objective of this study was to assess the performance of rural road drainage systems 

in Uganda, a case study of Katakwi District. 

1.3.2 Specific Objectives 

i. To establish the current status of the drainage systems of key rural roads in 

Katakwi district. 

ii. To determine the factors that affect the performance of drainage systems of 

rural roads in Katakwi District. 

iii. To design a sustainable drainage system for Katakwi District rural roads. 
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1.4 Research Questions 

i. What is the status of the drainage systems in Katakwi District? 

ii. What are the factors that affect the performance of the drainage systems of 

Katakwi road? 

iii. What is the best and most appropriate drainage system design that can 

improve the rural road condition in Katakwi District? 

1.5 Justification of the Study 

Effective drainage systems are crucial for maintaining road infrastructure and preventing 

damage caused by water accumulation. This study aims to identify the potential issues in 

rural roads in Katakwi District, where inadequate drainage can lead to road degradation, 

safety hazards and transportation disruptions. By evaluating the performance of theses 

drainage systems, the research can contribute valuable insights to enhance road resilience, 

minimize maintenance costs, and improve overall accessibility in rural communities. 

Therefore, relevant district authorities should implement proper design with adequate 

drainage to promote economic growth by facilitating the movement of people and goods. 

Most importantly, good roads reduce recurring road spending through repair and maintenance 

(MoWT, Annual Sector Performance Review report, 2014-2015; MoWT, Strategic 

Implementation Plan, 2015-2023). 

1.6 Significance of the Study 

The findings are relevant to policy makers such as the Department of Labor and Transport 

with economic recovery policies that include providing good road networks with good 

drainage systems. The findings of this study will help the Katakwi District Authority find 

appropriate and capable solutions to the persistent poor road network problem that has led to 

the district's rural road network under performance. This study will be used by scientists as a 
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reference for further research to improve the performance of local road drainage systems. 

Measure adequacy of drainage systems for rural roads and surrounding areas. Identify the 

challenges faced by agencies responsible for maintaining road drainage systems in local road 

networks. 

1.7 Scope of the Study 

The scope of the study was segmented into three, i.e.; Content scope, Geographical scope and 

periodical scope. 

1.7.1 Content Scope 

The study assessed the performance of rural road drainage systems in Uganda particularly 

within Katakwi district focusing on the existing drainage system. The study also addressed 

the effects of inadequate drainage systems on roads and the surrounding environment and 

investigated the reasons for inadequate drainage systems within Katakwi district roads and 

the challenges faced by the institutions mandated with the responsibility of maintaining them.  

1.7.2 Geographical Scope 

The survey was conducted in Napak district in the north, Nakapiripirit district in the east, 

Kumi district in the south, Ngora and Soroti districts in the southwest, and Katakwi district 

bordering Amuria district in the west (width: 1.9150; length: : 33.9550). ); lies between 1,050 

and 1,130 m above sea level. It has a total area of 2,507 km², land area of 2,177 km² and open 

water and wetlands of 177 km² (KDLG, 2018). 



6 

 

 

 

1.7.3 Time Scope 

The study was carried out for five (5) months, i.e. May-October, 2022. This enabled the 

researcher to engage respondents for study findings. 

1.8 Conceptual Framework 

Independent Variables    Dependent Variables 

 

 

 

 

 

 

 

 

 

 

 

The framework depicts the relationship between factors affecting the performance of rural 

road drainage systems. The performance of rural road drainage systems adequately depended 

on the land use, topography/ terrain, workmanship and construction practices, among others.  

1.9 Chapter Summary 

This chapter provides the background to the study, a statement of the problem, specific 

objectives, research questions, research rationale, the significance of the study, and 

conceptual framework. The next chapter provides a literature review under which key issues 

related to the research topic by referring to previous research, books and journals are 

reviewed. 

  

FACTORS AFFECTING 

PERFORMANCE OF 

RURAL ROAD DRAINAGE       

SYSTEM 

 Land use 

 Lack of Maintenance 

 Topography 

 Workmanship and 

construction practices 

 Flooding  

 

 

Intervening variables 

 Adequate funds 

 Environmental 

implications 

 Sustainable design for 

drainage system  

 

LEVEL OF SERVICE OF 

RURAL ROADS IN 

KATAKWI DISTRICT  

-  

Figure 1. 2: Conceptual Framework of the study 
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Introduction 

The review of literature in this research was done based on both conceptual and empirical 

literature reviews. Definitions, concepts and theories relevant to the study were provided 

together with views derived from previous works of other scholars. The material used, cited 

compared and contrasted in this study was obtained from articles, magazines, dissertations, 

journals, writings and works of previous scholars.  

2.1 General Description of Road Drainage Systems 

A drainage system includes the pavement and the water handling system. They must be 

properly designed, built, and maintained. The water handling system includes road surface, 

shoulders, drains and culverts; curb, gutter and storm sewer. When a road fails, whether it’s 

concrete, asphalt or gravel, inadequate drainage often is a major factor. Poor design can direct 

water back onto the road or keep it from draining away (Zumrawi 2014). 

2.1.1 Effects of inadequate Road Drainage system on the performance of rural roads 

A fundamental goal of road drainage design is to reduce and/or eliminate the energy 

produced by flowing water. The destructive power of flowing water increases exponentially 

with increasing velocity (FAO, 1998). Therefore, water must not develop sufficient volume 

or velocity to cause undue wear along the drainage system. Providing proper drainage is of 

paramount importance in road design and cannot be overstated. Presence of excess water 

within the pavement adversely affects the technical properties of the materials that make up 

the pavement. All major failures following road surface erosion and undercarriage weakening 
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are the result of improper or poorly designed drainage. The following factors affect the 

performance of local road drainage systems: 

2.1.2 Factors affecting the performance of rural road drainage systems 

2.1.2.1 Land Use 

In agricultural areas around the world, wetlands are often drained to increase or streamline 

agricultural production. This drainage can be concentrated in small-scale wetlands that 

temporarily flood seasonally, consolidate into permanent pools with less surface water, and 

grow larger and deeper with more drainage. Interestingly, this consolidation drainage has 

received little attention in the literature. Consolidation drainage can improve connectivity 

between remaining wetlands through drainage ditches that can raise water levels in 

consolidation wetlands (Merkey, 2006). Higher water levels in compacted wetlands can mean 

that much more extreme droughts are needed to dry out completely, simply because those 

wetlands are larger and deeper. This process transforms the wetland from a hydrologically 

variable wetland to an essentially permanently flooded wetland, fundamentally altering 

wetland community composition and its function in the landscape (Wellborn et al. 1996, 

Snodgrass et al. 1996, Snodgrass et al. al. 2001). Poor land use affects the performance of 

local road drainage systems. This will depend on how the community uses the land that the 

highway traverses. Examples include landscape change, poor agricultural practices such as 

growing crops along road reserves, deforestation and other destruction of natural resources. 

2.1.2.2 Topography 

Catchment topography is a substantially permanent property that primarily affects the 

concentration or temporal distribution of runoff from the catchment. River systems vary in 

their efficiency as institutions for collecting and channeling water (Gregory, 2019). The 

geometrical design elements of roads depend on the terrain they pass through. The Katakwi 
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District is characterized by flat or gently undulating terrain, which opposes the construction 

of unrestricted horizontal and vertical continuous roads (topographic gradient of 

approximately 5%). Obstacles are few and far between. Flat terrain tends to absorb water 

from upstream, which can adversely affect road structure. 

2.1.2.3 Workmanship and construction practices 

Poor workmanship in the construction and installation of drainage systems affects the 

performance of local road drainage systems. This is reflected in the poor installation of 

culverts. Such as headwall score checks that may be due to poor oversight by technical staff. 

2.1.2.4: Lack or inadequate maintenance 

Poorly maintained roads distort drainage systems and lead to poor roads. Poor maintenance of 

a rural road drainage system has a significant impact on its performance. This is evidenced by 

clogged or broken culverts, muddy mitered ditches and ditches, eroded rims, etc., and is 

primarily attributed to under-allocation of road maintenance funds. 

2.1.2.5: Drainage/ catchment area 

Catchments are the major watersheds that affect runoff. The larger the contributing drainage 

area, the greater the flood runoff. Regardless of the method used to assess flood discharge, 

peak discharge is directly related to catchment area. 

2.2: Road Surface Drainage 

Surface drainage includes all means by which surface water is removed from roadways. 

Granulation of the aggregate and bitumen mixture should be adjusted to prevent water 

penetration into the compacted pavement. This is done by properly choosing a sufficiently 

impervious wear course and providing the surface with the necessary cross slope to drain 

water quickly. Studies have shown that bituminous mixtures recommended for road 
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construction are not sufficiently permeable to the various top layers when installed. This 

water ingress into the course occurs when the road surface cracks. For a good surface 

drainage system, road construction should incorporate shoulders, cross-slopes, longitudinal 

slopes and longitudinal channels (Dawson, 2008). 

2.2.1: Shoulders 

The shoulders help support the sidewalk laterally, carry water from the sidewalk into the 

waterway, and provide a way in case a vehicle loses control or needs to be stopped in an 

emergency. It should be slightly steeper than the pavement and should be able to withstand 

occasional traffic. Erosion and exudation of the shoulder are major problems and should be 

addressed by using less erodible surface materials (Moulton, 2011). 

2.2.2: Cross slope 

A Cross slope is provided to provide a drainage gradient so that water will run off the surface 

to a drainage system such as a street gutter or ditch. Water will flow faster on a paved 

surface. 

Therefore, the slope of a road surface does not need to be steep. The cross slope should not be 

too steep. If it is, the water running off the side will start eroding the shoulder and sides of the 

road (Moulton, 2011). 

2.2.3: Longitudinal Drainage 

The main purpose of longitudinal drainage is to collect and remove water on the road, in the 

immediate vicinity, or from adjacent areas (Mwangi, 2013). Removing water from the 

pavement at the same location and reducing the likelihood that water will seep into the 

roadway or pavement layer or foundation, reducing the potential for deterioration, is 
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fundamental to maintaining road safety (Van, 2014). Longitudinal surface drainage systems 

include gutters, channels, ditches, permeable surfaces and troughs, complemented by 

respective manholes, storage facilities and catchments. 

Ditches carry water from roadways to streams and other natural waterways. To achieve this, 

grooves must be properly shaped for safety, maintenance, and water flow and erosion control. 

The trench should be at least 30 centimeters below the bottom of the gravel base to drain the 

sidewalk. Well-maintained and smooth waterways are free of dense vegetation (tall grass) 

and stagnant water, and have sufficient gradients to ensure self-cleaning and continuous flow 

(Van, 2014). 

2.2.4 Culverts 

The purpose of a culvert is to carry water safely from one side of the road to the other. Water 

may come from natural streams or surface water runoff from road structures or areas close to 

roads. Culverts must be durable and have sufficient hydraulic capacity to carry a constant 

volume of water over a period of time (Nasoor, 2015). 

2.2.4.1 General Considerations in Designing Culverts 

While designing culverts, designers should analyze the existing flow conditions in the areas 

upstream and immediately downstream of the proposed cross culvert. Upstream and 

downstream land use should be documented on the drainage report, with photographic 

documentation of the area if possible. This documentation of the existing condition of 

adjacent drainage areas prior to construction may provide useful information for subsequent 

inquiries from adjacent property owners (Nasoor, 2015). 

 

Storm-water intakes are an important part of a city's storm water collection and transportation 

system. Water intakes may collect excess water from the street, divert flow to sewers, and 
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provide maintenance access to storm sewer systems. They can be made of cast iron or 

concrete and are installed at the edge of the gully or the bottom of the trough. Geometric 

features of roads often determine the location of drains (Chanson, 2010). Their main function 

is to divert runoff from roads into gutters. There are three types of intake (Bruun, 2013). The 

air intake must be free of debris and mud to work as intended and avoid flooding the road. 

2.3 Description and Function of Rural Road Drainage System 

Drainage systems consist of inlets, catch water outlets, ditches, miters and culverts. The 

layout and hydraulic capacity of storm drainage structures and transfer lines shall be designed 

to avoid/minimize damage to adjacent facilities and to reduce the risk of traffic disruption due 

to flooding. Various types of structures are used in drainage systems (Şen, 2018). 

2.3.1 Description of Rural Road Drainage System 

The Surface Drainage System collects rainwater and drains it from the surface and adjacent 

areas to prevent flooding. Reduces the likelihood of water intrusion into the road and 

maintains bearing capacity. Designing an appropriate surface drainage system is an important 

part of road planning (Desai and Peerbhay, 2016). Underground drainage systems drain 

groundwater as well as seepage from roads and inner dikes. 

2.3.2: Functions of Road Drainage Systems 

A drainage system collects, transports, and disposes of surface/groundwater that originates at 

or near the site or flows into streams adjacent to the site. Prevents erosion of the rear 

escarpment by runoff from the hill above. It traps water and keeps it out of gutters, which can 

increase runoff in gutters (Mwangi, 2013). 
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2.3.3: Maintenance 

Maintenance extends the life of roads and consequently has significant financial benefits. A 

road system that is well maintained also brings important social and environmental benefits. 

When designing a road, much emphasizes should be given to the future maintenance 

requirements, who will be responsible for carrying out this work, and how it will be funded. 

These maintenance practices should be identified in the form of a maintenance management 

plan. A level of priority should be given to each maintenance activity to ensure the whole 

road system is adequately maintained. For example: 

Routine maintenance (required continually): includes grass cutting, drain clearing, re-

cutting ditches, tree pruning and culvert maintenance.  

Recurrent maintenance (required at intervals during the year with a frequency that depends 

on traffic volume): on unpaved roads, it includes repairing potholes and ruts, dragging and 

grading. On paved roads it includes repairing potholes, patching, repairing edges and sealing 

cracks.  

Periodic maintenance (required only at intervals of several years): includes gravelling of 

unpaved roads, resealing (surface dressing, slurry seal) and re-gravelling shoulders.  

Urgent Maintenance (required in response to emergencies): calls for immediate action when 

a road is blocked either as a result of an accident or a natural event. Tasks include the 

removal of debris and other obstacles. 

Neglected drainage rapidly leads to the deterioration of the road. The execution of this work 

should therefore be monitored at regular intervals to ensure it is carried out effectively. 

However, although the effects of poor road drainage maintenance activities on the road are 

frequently highlighted in road maintenance manuals, the implications for the environment are 

not. Consequently, if indirect impacts are located away from the road, where they are not 
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directly visible, and a false sense of complacency can develop. The importance of the 

environment, therefore, needs to be emphasized in future maintenance management plans. 

Guidance is also required on the level of priority given to the various mitigation measures 

that can be incorporated, such as the cleaning of retention ponds and maintaining the 

diversity of habitat within a drainage channel, especially if funds are limited. 

 

2.4: Technical performance indicators of the drainage system  

2.4.1: Capacity 

The drainage system must have the capacity to handle the expected volume of water runoff 

during heavy rainfall events. It should be designed to prevent flooding and ponding on the 

surface of the road. 

2.4.2: Flow rate 

The drainage system should be designed to efficiently convey water away from the road. This 

involves ensuring that the flow rate of the drainage system such as culverts, side drains and 

channels are adequate to handle peak flow rates. 

2.4.3: Slope and gradient 

Proper slope and gradient in the drainage channels are crucial for ensuring that water flows 

away from the road effectively. Incorrect slopes can lead to stagnant water and erosion. 
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2.4.4: Inlet design 

The design of inlets and catch basins should allow for easy collection of surface water runoff. 

Their location and spacing should be optimized to prevent water from pooling on the road.  

2.4.5: Sedimentation and erosion control  

The drainage system should include features such as sediment basins or settling ponds to 

capture sediment and prevent it from entering the road. Proper erosion control measures 

should be in place to prevent soil erosion that can clog drainage channels and reduce their 

effectiveness.  

 

2.5: Failures of Road Drainage System 

According to Nyuyo, (2013), pavement maintenance mainly consists of sealing cracks, 

patching and repairing damaged surfaces. It's an inexpensive remedy to extend the life of 

your patch before more expensive maintenance is required. Water puddles on or near roads, a 

common sight during heavy rains, are a harbinger of trouble. Water penetrates the road 

structure unless the surrounding and underlying ground is relatively watertight. The purpose 

of drainage design is to control surface runoff and control free water in roadbeds and 

roadbeds (Mwai, 2011). 
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Table 2. 1Effects of water on the road surface 

Positive effects of water on the road 

 Establishing and maintaining 

vegetation for erosion control 

 Working gravel road 

surfaces  

 Providing dust control; and 

 Cleansing the road

 and pavement surface 

Negative effects of water on the road 

 Softening and reducing the load-carrying 

ability of subgrades and shoulders; 

Increasing the disintegration of 

pavements and gravel surfaces; 

 Eroding roadside surfaces; 

 Depositing sediment and debris in 

ditches, pipes, catch basins and 

waterways; and contributing to frost 

heaves and spring break-up. 

 Creating driving hazards for motorists. 

 Damaging adjacent property. 

Source: UNH report (2016) 

Control and elimination of water that contributes to these types of roadway damage is the 

primary reason for establishing adequate drainage and its maintenance. To do this, 

government institutions must be mandated with the construction and maintenance of road 

plan (Mwangi, 2013). 

Some roads are built over or near natural groundwater. Additionally; seasonal fluctuations in 

water levels after heavy rains are to be expected. If the road slope cannot be maintained 

above the water table, downspouts or ditches may be required to reduce the water level below 

the road. The use of free-draining fill gravel is necessary to prevent moisture ingress into the 

road structure (Lytton et al, 2012). 

2.6: Summary of the literature review  

The literature review focused on the assessment of the drainage systems of existing rural 

roads in Katakwi district. Drainage systems involve the side drains, mitre drains, culverts and 
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surface road drainage. Proper drainage design when implemented will not only improve the 

lifespan of the road but also improves its aesthetics. 

Side drains are a type of drainage systems that are constructed along the sides of roads and 

drain away water from the road. Side drains can be earth lined, concrete lined or stone 

pitched depending on the availability of materials and availability of funds and classes of 

roads. Side drains are the most economical drainage systems for rural roads as most of them 

are earth lined. 

However there are a few literature gaps that need to be addressed in respect to rural road 

drainage which among others include; 

 Community Engagement and Perception: There is a gap in literature regarding the 

involvement of local communities in the planning, maintenance, and evaluation of 

rural road drainage systems. Understanding community perceptions and participation 

levels is lacking. 

  Climate Variability Impact: Given Uganda’s varied climate patterns, there is 

insufficient research on how changing weather conditions, including increased rainfall 

or droughts, affect the performance and effectiveness of rural road drainage systems. 

 Limited Comprehensive Studies: There is lack of comprehensive studies that 

thoroughly evaluate the performance of rural road drainage systems across different 

regions in Uganda. Existing research is concentrated in specific areas, leaving gaps in 

understanding the broader national context. 

 Effectiveness of Drainage Systems: Literature may not adequately address the 

effectiveness of existing drainage systems in preventing road damage, soil erosion, 

and flooding in rural areas of Uganda. Assessing the real impact of these systems is 

essential. 
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 Maintenance and Sustainability: Research gaps exist regarding the long-term 

maintenance and sustainability of rural road drainage systems in Uganda. This 

includes understanding the challenges faced in maintaining these systems and their 

overall longevity. 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.0 Introduction 

This section highlights the research strategy that was employed to achieve the study’s 

objectives. The chapter presents the research design, the study population and its composition 

together with the sample size that the researcher used, the sources of data, data collection 

methods, data collection instruments and data analysis. 

3.1 Research Design 

A research design is the method that guides the researcher to collect data, manage the data 

and triangulate it into possible reporting of the findings. There exist different of research 

designs like cross sectional research design, correlational research design, analytical research 

design and many others. For the case of this study, the researcher adopted the analytical 

research design. The analytical research design was adopted by using facts and information 

which are available and after collecting these data the researcher analyzed and made a critical 

evaluation of the materials. It was adopted because it would easily give the researcher chance 

of analyzing the state of drainage systems along the selected roads in the area.  

3.2 Research Approach 

Even though quantitative and qualitative approaches have inherent strengths and weaknesses 

it has been established from the works of several scholars like Wiggins (2011) that they 

complement each other when utilized in the mixed method approach.  This study, therefore, 

adopted a partially mixed, sequential, but cross-sectional approach where a quantitative tool 

was utilized to establish relationships and it was coupled with the observation which was 

used to strengthen the study. 
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3.3 Population 

In this study, the total population included 17 respondents from Katakwi district local 

government. The sample size was obtained using Slovin’s formula;  

  
 

     
      ……………………………………………………………………Eqn. (3.1) 

Where, n = Sample size 

N = Population universe and a = Confidence level (a + e=100).  

The formula adopted a confidence level of 95% and the margin of error, e, is therefore 5% 

which is acceptable in social science research. The breakdown for each of the groups was 

calculated as follows:  

Table 3. 1: Sample size of respondents 

Category of respondents  Population of 

respondents  

Sample size Sampling technique   

District engineer  1 1 Purposive sampling 

sssampling  samping Road inspector  1 1 Purposive sampling  

Road overseer  1 1 Purposive sampling  

Supervisor of works  1 1 Purposive sampling  

Road user  13 11 Simple random sampling  

Total  

 

17 15  

 

The sample size used for the study was 15 respondents and these included 1 district engineer, 

1 road inspector, 1 road overseer, 1 supervisor of works and 11 road users. These were asked 

to comment on the nature of drainage systems along the roads and were also very important 

in directing the researcher the areas that need urgent attention.   

3.4: Sampling Strategy and Criteria 

I applied purposive and simple random sampling. Purposive sampling was used to select the 

key informants manly the district engineer, road inspector, road overseer and the supervisor 

of works. This type of sampling helped to get to the required information easily. Simple 
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random sampling was used to select road users in order to give those equal chances of being 

selected in the study and to avoid bias.   

3.5: Description of Study Area 

The study was conducted in Katakwi district local Government. The rural roads that were 

assessed included but are not limited to the following roads: Katakwi-Toroma Rd, Toroma-

Kokorio Road, Magoro-Lake Bisinia Road; Usuk-Ongongoja Road; Kapujan-Kokorio Road; 

Magoro-LakeOpetaRoad; Getom-Toroma Road; Adacar-Arengecora Road; Alelesi-Omodoi-

Adere Road; Ngariam-Palaam Road; Odoot-Olupe-Oriao Road; Toroma-Akurao Road; 

Ongongoja-Obwobwo Road; Omodoi-Ngariam Road; Adacar-Aketa Road; Ocorimongin-

Omodoi Road; Odoot-Ngariam Road; Magoro-Angisa Road.  
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Figure 3.1: GIS map of study area 

3.6: Sources of Data 

The study used both primary and secondary sources of data. 

3.6.1: Primary Data Sources 

Primary data were gathered through an observation checklist/Road section Condition 

assessment form/ Structural Form (see appendices 1 and 2) and a random selection of the 

district roads in Katakwi district. 

3.6.2: Secondary Data Sources 

This was executed by the use of any information from District offices, and other resource 

centers like the Ministry of Works. The researcher utilized the standard design manuals 
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which were so helpful in designing culverts. The researcher also collected the annual rain fall 

data from the Ministry of Water and Environment, Directorate of Water Resource 

Management. The method assisted the researcher in getting a wider view of the study.  

3.7: Data Collection Instruments 

3.7.1: Road Section Condition Assessment Form 

The researcher utilized the Road section condition assessment form/ Structural Form (see 

appendices 1 and 2) to collect data for the study. This tool was used because it helps to 

ascertain the status of the performance of drainage systems on rural roads in Katakwi district 

and it gives firsthand information on the study variables. The researcher physically observed 

the performance situation of the drainage system on Katakwi district roads. A digital camera 

was used to take photographs of the current state of the road and the drainage system. 

3.7.2: Photography 

According to Kothari (2004), photography is an indirect way of data collection. It was 

majorly used to capture the current status of the drainage system in Katakwi district roads. It 

was meant to give a visual understanding of the research topic to the readers of this research 

project, the extent of deterioration, maintenance and the state of the drainage system. 

3.8: Structure condition assessment   

3.8.1: Survey Plan  

Before implementation of the Survey, the Survey plan was made for efficiency and accuracy 

control of the field work.  

Following were first prepared; 

 Survey map of existing rural roads in Katakwi District (Road network map)  

 Road inventory list by local government 

3.8.2: Structure Condition Survey 

 Structure condition survey for rural roads was conducted separately from the road condition 

survey. The following methodology and procedure was used: 
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 Vehicle:  where structure was found,  the vehicle was stopped  

  Tape: the length was Measured, width and size of the structures  

  Camera:  photographs of the structure were taken where necessary.  

  Field Note:  a survey record was written including structure condition assessment  

 Determination of the structure condition through rating that represents the collective 

judgment of the survey team (good/fair/poor/ bad). 

  Vehicle: a re-start was made after procedure was completed. 

3.9: Data Processing, Analysis and Presentation  

3.9.1: Data Processing  

The data collected were carefully edited, sorted and coded to eliminate the inconsistencies 

and errors that may have been encountered. Observation checklist /Road section Condition 

assessment form/ Structural Form (see appendices 1 and 2) was organized and coded to get 

structured answers, especially for some questions in the background of the study.  

3.9.2: Data Analysis 

The findings were interpreted in light of the research objectives and literature review to 

answer the questions.  Qualitative data were analyzed using Ms. Excel. Quantitative data 

were analyzed to establish patterns, trends and relationships from the information gathered to 

come up with some conclusions and recommendations on the data quantified in form of 

graphs, frequency distributions and tables. Qualitative data were collected, transcribed and 

grouped. Double data entry and checking were used to minimize errors.  

3.9.3: Data Presentation 

After analyzing data, then it was presented in tables, charts and percentages using Microsoft 

Excel 2016 for easy understanding. This helped the researcher to interpret the well-coded 

data into meaningful conclusions and recommendations for the study. Considerations highly 

adhered to consistency and accuracy of data. 
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3.10: Drainage Design 

3.10.1: Hydrologic Design 

(a) Meteorological Data 

The Meteorological Department in Kampala and Soroti provided rainfall parameter data that 

was used in the estimation of the surface runoff. 

(b) Estimation of Runoff 

A topographical map covering the whole area was used to estimate the area of the catchment 

that serves this road with runoff water as a collecting pan. 

(c) Reduction of Levels 

The centerline levels of the existing road surface were taken to obtain the longitudinal profile. 

 

(d) Drainage Facilities Design 

Manning’s formula was used to estimate the capacity of the drainage facilities.  It is given as: 

 2
1

3
2

oSR
n

A
Q  ……………………………Eqn (3.2) 

Where  Q = Capacity discharge of the drainage facility (m
3
/s) 

 A = Cross-sectional area (m
2
) 

 R = Hydraulic radius (m) 

 So = Longitudinal slope 

 n = Manning’s Coefficient 

3.11: Chapter Summary 

This chapter has dealt with methodology reflecting research design, target population, 

sampling procedure, and data collection instrument. The next chapter provided a presentation, 

analysis and interpretation of the findings. 
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CHAPTER FOUR 

PRESENTATION, ANALYSIS AND DISCUSSION OF RESULTS 

4.0: Introduction 

This chapter presents analyses of the results of the data collected based on the objectives and 

research questions formulated in chapter one. The chapter provides the details of the findings 

which include the status of the drainage systems of key rural roads in Katakwi district; the 

factors that affect the performance of drainage systems of rural roads in Katakwi District and 

the design for the improvement of the drainage systems for Katakwi district roads. 

4.1: Status of the Drainage Systems of Key Rural Roads in Katakwi District 

4.1.1: Road geometry  

On extermination of the geometric parameters, the following results were obtained focusing 

on the road width and the shoulder widths.  

 

Figure 4.1: General Existing Road Widths 
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Table 4. 1: Percentage deviation of road geometry 

 

 

 

 

Table 4. 2: Showing road design classes 

 

The roads being rural minor and made of gravel were meant to at least be designed to a 

standard of gravel class C as per the geometric road design manual for Uganda (2010). 

However, the roads geometric parameters of road width and shoulder widths showed a 

general non-conformity of 88.15% by comparing them with the road manual standards. This 

high level of non-conformity is an indicator of poor designs both for geometric and drainage 

structures. This partly explains the high percentages of poor and bad drainages along the road 

hence need for better designs.  

4.1.2: Drainage  

The results were tabulated according to lengths of each road in order to determine the status 

of the existing drainage system. The parameters that were used to measure the status of the 

drainage system included good, fair, poor and bad condition. The status of the drainage 

Deviance %age from design standard for geometry  

    

Road width  76.3 

Shoulders  100 

  88.15 
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existing was accessed using field visual survey with observations. It’s upon this that the 

current status was divided into;  

1. Good –No water on the road during rain, no erosion or silt deposits; Good roadside 

drainage 

2. Fair- Some water on the road during rain, some erosion/scouring in roadside drains, or 

drains half silted. 

3. Poor – Much water on the road during rain, severe erosion scouring in roadside drains 

or drains fully silted. 

4. Bad- Non-existent/non-functional drainage system 

The results were tabulated according to lengths of each road (See Appendices).  
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Figure 4. 2: Current status of drainage in study area 
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Table 4. 3: Drainage Condition Left and Right Lengths (Km) 

Road Name 1-Good 2-Fair 3-Poor  4-Bad Total 

Katakwi – Toroma Road   18.42 0.29    18.71 

Toroma - Kokorio Road     4.55  6.59 11.14 

Magoro – Lake Bisina Road     7.51    7.51 

Usuk - Ongongoja Road     21.53  5.43 26.96 

Kapujan - Kokorio Road        4.45 4.45 

Magoro – Lake Opeta Road     8.61    8.61 

Getom - Toroma Road   4.34 1.86  4.47 10.66 

Adacar - Arengecora Road     5.03  9.70 14.73 

Alelesi – Omodoi - Adere Road     17.17    17.17 

Ngariam - Palaam Road   7.90    5.96 13.86 

Odoot  - Olupe  - Oriao Road     19.93    19.93 

Toroma - Akurao Road     11.45    11.45 

Ongongoja - Obwobwo Road     5.11    5.11 

Omodoi - Ngariam Road     16.01  1.98 17.99 

Adacar - Aketa Road   2.25 12.50    14.74 

Ocorimongin - Omodoi Road     6.48  5.75 12.23 

Odoot - Ngariam Road     11.77    11.77 

Magoro - Angisa Road     14.85    14.85 

 Grand Total   32.90 164.65  44.32 241.88 

From table and figure 4.2 above, it can be seen that none of the rural roads surveyed had poor 

drainage systems. The findings show that 18 per cent of the drainage systems were in a bad 

state which means that they were in danger of failure or had already failed. Furthermore, the 

majority of the entire rural road drainage systems i.e. 68 percent were in a poor state or 

needed major repairs, while only 14 per cent were in a fair state which was an indication of 

the requirement for minor repairs which is in agreement with the Katakwi district 

development plan statistics 2015/16 to 2019/20  

4.2: Factors Affecting the Performance of the Drainage Systems of Key Rural Roads in 

Katakwi District 

This was the second objective of the study. The researcher was interested in investigating the 

factors affecting the performance of the drainage systems on key roads in Katakwi district.  

The data collected is presented below.  
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4.2.1: Poor Land Use 

From observations and consultations with the local people and technical staff at the local 

government, poor land use was one of the key factors affecting the performance of the 

drainage systems of key roads in Katakwi district. This was mainly common along Katakwi 

Toroma road, Toroma-Kokorio road, Kapujan-Kokorio Road, Getom-Toroma road and many 

more. Poor land use affects the performance of rural road drainage systems. This is 

determined by the way communities utilize the land through which the rural road passes. 

Examples include modification of landscape, poor agricultural practices such as the 

cultivation of crops along the road reserves, deforestation and destruction of other natural 

resources. Figure 4.3 below indicates human land use activities affecting drainage systems in 

Katakwi. Where we can see people's socio-economic activities like land encroachments and 

farming largely resulted in the dumping of soil and waste in the drainage systems.  

 

Figure 4. 3: Poor land use causing poor drainage 

According to F.A.O (2019), the drainage water outlet is a critical point in any project, both 

from a viewpoint of downstream water quality and for the functioning of the project itself, 

because any flow stagnation in the conveyance channels causes problems upstream. 

Therefore, attempts must be made to prevent erosion and not locate outlet structures at points 

where heavy siltation may be expected. Moreover, the adverse downstream negative impacts 
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on water supplies, fish, riparian habitats, wetlands and other valuable ecosystems must be 

minimized. 

Similarly, (Merkey 2006) indicates that higher water levels in compacted wetlands can mean 

that much more extreme droughts are needed to dry out completely, simply because those 

wetlands are larger and deeper. This process transforms the wetland from a hydrologically 

variable wetland to an essentially permanently flooded wetland, fundamentally altering 

wetland community composition and its function in the landscape. Poor land use affects the 

performance of local road drainage systems. This will depend on how the community uses 

the land that the highway traverses.  

4.2.2: Topography 

Another factor that contributed to poor drainage systems along roads in Katakwi district 

included the flat topography that affects the flow of water. Katakwi district sub-catchment is 

largely flat with a few hilly areas in different locations of the sub-catchment with the highest 

hills located at the tip of the catchment to the North East in Katakwi district. Generally, the 

sub-catchment comprises undulating land, rocky outcrop, rivers, forests as well as wetlands. 

The sub-catchment landscape is generally a plateau with gently undulating plains with hills 

and inselbergs in certain areas. The highest point of the catchment is located on top of the 

hills of Ongongoja at an elevation of about 1647 meters and the terrain reduces t with the 

lowest point of the sub-catchment at 1050 meters. Figure 4.4 below shows the flat terrain of 

some of the areas in Katakwi district. 
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Figure 4. 4: Poor drainage along Usuk-Ongongoja road 

According to Ministry of Works and Transport (2010), the geometric design elements of a 

road depend on the traversed terrain of the land through which the road passes. Katakwi 

district is characterized by a flat or gently rolling country which offers few obstacles to the 

construction of a road having continuously unrestricted horizontal and vertical alignment 

(transverse terrain slope around 5%). The flat terrain is prone to the absorption of water from 

upstream which could be detrimental to road structure. 

4.2.3: Poor Workmanship and construction practices 

Poor workmanship was also discovered along road projects in Katakwi district. This was a 

major cause of poor drainage systems. In figure 4.5 below, it can be seen that light tools are 

being used on a road project with poorly constructed drainage patterns. A line culvert is seen 

to be placed almost above the road drainage invert. 
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Figure 4. 5: Poor workmanship 

Poor workmanship during the construction and installation of the drainage system adversely 

affects the performance of the rural road drainage system. This is evidenced in the poor 

installation of culverts; headwalls score checks etc. which could be attributed to inadequate 

supervision by technical personnel. These findings are in agreement with Johnson (2014) 

who indicated that one of the causes of poor rod quality is poor workmanship which is 

manifested in many road projects in developing nations. This happens mostly when there is 

bureaucracy in the tender awarding system which makes it possible for incompetent.  

4.2.4: Lack or inadequate maintenance 

Lack of maintenance was manifested along many roads in Katakwi district and this affected 

the drainage systems along these roads. According to the FY 2020/21, Katakwi District spent 

UGX 15,178,178,000 on road infrastructural projects and this is limited funds. The unit cost 

per kilometer on average in Uganda costs between $750,000 and $1m (Shs2.5b to Shs3.5b) 

(UNRA, 2020). According to Musisi, (2021), the unit cost per kilometer on average in 

Uganda costs between $750,000 and $1m (Shs2.5b to Shs3.5b) while the same in Kenya goes 

for $300,000 (approximately Shs1b) and $330,000 (Shs1.1b) in Rwanda, a country with 

mountainous terrain. There has been a lot of discussion on the cost of our road works and the 
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President’s explanation has been that previously the high costs were fuelled by massive 

corruption in the sector but recent reforms notwithstanding, the costs remain high. Lack or 

inadequate maintenance was observed many on Aketa-Adacar road, Usuk- Ongongoja road, 

Ngariam-Palaam road, Getom-Toroma road as indicated in figures 4.6, 4.7 and 4.8 below 

 

Figure 4. 6: Poor drainage along Usuk-Ongongoja road 

     

 

Figure 4. 7: Poor drainage along Ngariam-Palaam road 
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Figure 4. 8: Poor drainage along Getom-Toroma road 

From the figures above, it is evident that inadequate maintenance of rural road drainage 

facilities significantly affects their performance. This results into flooding which further 

affects the road drainage systems. According to Gregory (2018), flooding in urban areas is 

not just related to heavy rainfall and extreme climatic events; it is also related to changes in 

the built-up areas themselves. In the case of Maiduguri, the problems of street flooding began 

when some socio economic and anthropogenic activities gained momentum as a means of 

face lifting the city as State Capital. The influx of people from both rural and adjoining states 

led to increased demand for housing. Houses were hurriedly built to meet the burgeoning 

demand for shelter as a result of insurgency. This is evidenced by clogged and broken 

culverts, silted mitre drains and ditches, eroded shoulders etc. and it is majorly attributed to 

the lack or inadequate allocation of funding towards road maintenance.  

4.2.5 Flooding 

Floods frequently occur in low-lying areas, areas along river banks and close to wetlands. 

Wetlands and Flood plains have been encroached on for mainly rice farming compromising 

their ecosystem services of flood regulation. Land degradation and deforestation play a large 

role in the onset of flood events. Homes and crops are always affected and in some 
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incidences pit latrines collapse, increasing the risk of waterborne diseases. Floods in Katakwi 

district mainly in the sub-counties of Madera, Kangole and Kabarwa. Floods are normally 

experienced during April – June mainly in low-lying areas surrounding flood plains and R. 

Sironko. In Apeduru-Apapai, flooding occurs mainly in the sub-counties of Usuk and 

Ngariam. Wetlands and floodplains have been encroached on for crop cultivation which 

compromises the flood-regulating ecosystem service.  

These findings are in agreement with Halton, (2017) who indicated that as floodwaters spread 

they can threaten lives, inundate properties and businesses, destroy belongings, damage vital 

infrastructure and prevent access to essential public services. Often the effects of flood are 

long term and can be very costly, disruptive and distressing for communities involved. Figure 

4.7 below shows flooding and blocking access roads due to flooding in Ameritele Village, 

Aakun Parish, Usuk Sub County, and Katakwi District. 

  

Figure 4.9: Blocked access road due to flooding in Ameritele village, in Usuk Sub 

County Katakwi district 

A common problem with poor drainage is erosion water that runs over land and down slopes 

without catch basin or trench drain containment carries soil, mulch, and debris with it and 

robs trees and plants of nutrients. Drainage quality is an important parameter which affects 
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the highway pavement performance. These findings are in agreement with (Rokade, Agarwal 

& Shrivastava, 2012) who indicated that the excessive water content in the pavement base, 

sub-base, and sub-grade soils can cause early distress and lead to a structural or functional 

failure of pavement. Drainage is the most important aspect of road design. Proper design of 

drainage is necessary for the satisfactory and prolonged performance of the pavement. In 

designing drainage, the primary objective is to properly accommodate water flow along and 

across the road and conveniently transport and deposit the water o the downstream without 

any obstruction in the flow.  

4.3: Design for the improvement of the drainage systems for Katakwi district roads  

4.3.1: Introduction to the Design   

Good drainage design in rural roads is critical to the success of road construction. If drainage 

is inadequate, maintenance costs can be increased, the life span of the road can be reduced, 

and adverse impacts on the environment and local communities can result such as increased 

health risks, damage to food and water supplies, and depletion of natural resources. Many of 

these problems can be avoided if consideration is given to the design, construction and 

maintenance of adequate road drainage. The time and expense needed to implement adequate 

road drainage more than off-sets the greater costs of trying to mitigate problems after 

construction and is much more effective in the long term. The design was done using the 

rational method and most parameters were determined with guidance from the Ugandan 

drainage design manual.  

4.3.2: Design for side drain along Kapujan-Korikori road 4.4km 

The design for this drainage was done using the rational method while following the Ugandan 

road design manual. It was done following the steps below; 
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 Estimation of catchment Area, A 

 Determining the runoff coefficient, C 

 Determining the time of concentration Tc 

 Calculation of the rainfall intensity, I 

 Calculation of the discharge, Q 

4.3.2.1: Catchment Area (Hectares, Ha) 

The area was estimated by first studying the topography of the area adjacent to the road using 

Google earth pro. The road was found to serve up to 100m of land offset from the road.  

                    …………………………………………….………..Eqn (4.1) 

                           ………………………………………….Eqn 

(4.2) 

4.3.2.2 Runoff coefficient   

According to the site survey, the area was found to be a rural setting with most of the land 

being used for cultivation with a few scattered residential homes.  Figure 4.10 shows Katakwi  

district located in zone H with mean annual precipitation of 1197mm. Values from table 4.3 

of the Uganda road design manual were used to estimate the runoff coefficient.  
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Figure 4.10: Showing rainfall zones of Uganda 
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Table 4.4: Typical values of rational co-efficient for rural areas 

 

Katakwi district being in a plain area with average slope of 7% and MAP >600 mm, Cs = 

0.08 

Katakwi district being predominately covered with ancient Precambrian crystalline basement 

and MAP >600 mm Ck = 0.16 

Most of the land being used for cultivation, Cv = 0.11. 

     (        ) 

     (              ) 

C = 0.28 

4.3.2.3 Time of concentration  

A standard minimum time of concentration of 10 minutes was chosen because, on calculation 

using brasby-williams formulae, the values were ranging between 1-1.5min hence using the 

minimum.  
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Table 4.5: Minimum time of concentration as per road design manual 

 

4.3.2.4 Rainfall intensity  

The Watkins and fiddles method was adopted in calculation of the intensity duration curves. 

The value of rainfall intensity corresponding to the time of concentration was chosen.  

 

Figure 4. 11: Intensity Duration Frequency Curves 
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 Table 4. 6: Recurrence intervals for structures in Ugandan Drainage manual 

 

4.3.2.5 Discharge  

By considering individual chainages of 40m each, the average discharge from each 

proportion was found to be;  

  
   

   
  

            

   
          ……………………………………………Eqn (4.3). 

Where; 

C= the catchment runoff coefficient 

I= the rainfall intensity (mm/hr.) 

A= area of catchment (ha) 

This road had two low areas; at km 0+180 (from 0+000 to 0+690) and 2+440 (from 0+690 to 

4+440). The following design values were obtained.  
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Table 4. 7: Design flows from consecutive adjacent areas to point of outlet (culvert) 

 

Chainages           Discharge  Cumulative Discharge  

 0+000     

 0+40 0.039   

 0+80 0.039 0.078 

 0+120 0.039 0.117 

 0+160 0.039 0.156 

 0+200 0.039 0.195 culvert  

0+240 0.039 0.234 

 0+280 0.039 0.195 

 0+320 0.039 0.156 

 0+360 0.039 0.117 

 0+400 0.039 0.078 

 0+440 0.039 0.117 

 0+480 0.039 0.078 

 0+520 0.039 0.117 

 0+560 0.039 0.078 

 0+600 0.039 0.117 

 0+640 0.039 0.078 

 0+680 0.039   

  

Table 4. 8: Summary of the design flows 

Section  Design discharge (m
3
/s) 

0+000 to 0+690 0.234 

0+690 to 4+440  0.67 

4.3.2.6 Hydraulic design  

Shape selection  

Because the section was to be in earth, the trapezoidal section was chosen  

Slopes  

The slopes were chosen following those of the existing road to avoid cutting of much earth. 

  

Table 4. 9: showing average longitudinal slopes 

Section  Longitudinal slope (%) 

0+000 to 0+690 1.2 

0+690 to 4+440  1.4 
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Sizing  

Sizing was done using the following procedure; 

A value of bottom width B was chosen. 

The wetted perimeter P was obtained in terms of Y (flow depth) 

The wetted area A was also obtained in terms of Y 

The hydraulic radius R was obtained from; 

  
 

 
…………………………………………………………………………………Eqn (4.4) 

Manning’s equation was fitted into the continuity equation and rearranged to obtain equation; 

  (
 
 ⁄ )  

  

 (
 
 ⁄ )

      …………………………………………………………….Eqn (4.5) 

Values for discharge, manning’s constant and longitudinal slope were substituted into the 

equation which was solved to obtain the flow depth (y). 

The value of the bottom width (B) was chosen as 200mm with side slopes of 1:1 therefore 

Z=1 to maximize on the available space since it’s a minor road. Because it’s a rural gravel 

road, the drainage lining was earth (manning value, n of 0.02) from chow. Results for ch 

0+000 to 0+690. 

Where; 

  (   )  (    ) 

  (     )  (    ) 

  (    )  (  ) 

       √     

         √     
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(    )  (  )

         
 

By substituting the value of R, A Q, S and n 

  (
 
 ⁄ )  

  

 (
 
 ⁄ )
      

((    )  (  ))  
((    )  (  ))

(         )
 
 

 
 

 
          

     
 
 

 

 

Hence the value of y= 0.3m (300mm) 

Table 4. 10: Tables showing the design values for the two sections 

Section 0+000 to 0+690   

shape trapezoidal   

manning's value n  0.02  

LONG slope s 1.20  

depth y (m)  0.30  

bottom width b (m)  0.20  

Side slope   1.00 

top width (m)  0.80  

wetted area A (m2)  0.15  

wetted Perimeter P (m)  1.05  

Hydraulic radius R  0.141  

Design velocity V (m/s)  13.02  

design capacity (m3)  2.04 

operating velocity (m/s)  3.33  

 

Section 0+690 to 4+440   

shape trapezoidal   

manning's value n  0.02  

LONG slope s  1.40  

depth y (m)  0.30  

bottom width b (m)  0.20  

Side slope   1.00 

top width (m)  0.80  

wetted area A (m2)  0.15  

wetted Perimeter P (m)  1.05  

Hydraulic radius R  0.141  

Design velocity V (m/s)  14.71  

design capacity (m3)  2.21 

operating velocity (m/s)  3.33  
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Figure 4. 12: Proposed side drain designs 

4.3.2.7 Discussion  

The design proposal was done successfully and offered as a solution to the drainage 

challenges facing this road of which the major issue was lack of proper drainage and 

alignment designs. However, routine maintenance is required for the drainages to clear any 

obstructions for them to function optimally.   

4.4: Construction concept  

During the construction process, it is essential that the drainage features are constructed at the 

same time as the road formation itself, or preferably (if possible) ahead of formation works. 

Especially when works are carried out during the rainy season, it is important that the 

drainage system is functional to avoid completed road formation work from being damaged 

or washed away. Mitre and discharge drains will lead away unexpected rain water, and a 

catch water drain may prevent it from reaching the road at all. 
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4.4.1: Sloping of the side drain 

 Sloping of the side drain is done in 2 steps. In most cases, first the back slope is cut, and then 

the fore slope. The reason for this following order is that in road rehabilitation, the best 

material from the old road surface such as laterite is most likely to be found closer to the 

centre line, and this is the material, which should preferably be placed back in the top layer of 

the new formation. 

4.4.1.1: Back sloping  

Back slope is the slope from the toe of ditch to the top of slope on the backside of the ditch. 

After ditching is completed, the back slope is cut. The loose material will fall in the ditch, but 

can easily by shovelled out and thrown on the centre third of the road. Where the cut face 

behind the side ditch is more than 1.0 meter high, it may be easier to carry out the back 

sloping operation even before the ditching operation. 

4.4.1.2: Fore sloping  

Fore slopes extend from the shoulder edge to a drainage ditch directly to the ground surface. 

The second step of the sloping operation is the cutting of the fore slope. It is again important 

to see to it that the material is placed on the centre third of the road width. Good organization 

of the workers and proper assignment of tasks, also contributes to the quality of the works.  

4.4.1.3: Construction practices that can improve the design of drainage in Katakwi  

 The side drain excavation should be constructed as per the design drawings and 

should not have irregularities. 

 The side drain size should be bigger where the anticipated run-off volume is higher or 

where it is necessary to increase the material collected from the side drain excavation 

for the formation. 
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 The inclination of the side drain should permit the draining of the water into the mitre 

drains, culverts or water courses. 

 The profile of the side drain should be controlled as per standard specifications or as 

designed and so must its inclination. 

 If the soil quality is adequate the material obtained from excavating the side drains 

should be deposited on the road formation. If the soil is inappropriate it must be 

deposited out of the side drain area in a layer not thicker than 15 cm or transported 

away from the road area completely. 

 If the mitre drain conducts the water onto natural terrain, the invert level of the mitre 

at discharge point and the level of the terrain should be the same at the link 

 The joints between the culverts should be smooth and closed with concrete to allow 

the transport of the water without leakage through the joints. 

 The backfill around the pipes can be carried out using the material excavated from the 

trench or gravel approved by the Engineer. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.0: Introduction  

This chapter presents the conclusion and recommendations on the details of the findings 

which include the status of the drainage systems of key rural roads in Katakwi district; the 

factors that affect the performance of drainage systems of rural roads in Katakwi District and 

a design for the improvement of the drainage systems for Katakwi district roads. 

5.1: Conclusions  

The study concluded that none of the rural roads surveyed had good drainage systems. The 

findings show that 18 per cent of the drainage systems were in a bad state which means that 

they were in danger of failure or had already failed. Furthermore, the majority of the entire 

rural road drainage systems i.e. 68 per cent were in a poor state or required major repairs, 

while only 14 per cent were in a fair state which was an indication of the requirement for 

minor repairs. 

The key factors affecting the performance of the drainage systems of key roads in Katakwi 

district included poor land use, topography, poor workmanship and construction practices, 

lack of or inadequate maintenance and flooding. However, the major factor contributing to 

the poor status of the drainages were lack of proper designs and lack of maintenance.  

The design for the improvement of the drainage system focused on road side drains for 

Korikori-Kapujan. The design was of a trapezoidal section with bottom width of 200mm, 

depth of 300mm, and side slopes of 1:1. This design proposal was found sufficient to drain 
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away all the necessary storm water. So such designs should be carried out even for rural 

gravel roads to allow them operate for reasonable periods sustainably.  

5.2: Recommendations   

Maintenance practices should be given priority; this includes removal and cleaning up of the 

drains. This can be achieved by increasing budgetary allocation for maintenance. Given that 

Katakwi district lies in a relatively flat area, efforts should be made to reduce runoff from the 

structures, this can be done by increasing vegetation cover through tree plantations around the 

structures and discouraging the creation of impervious layers that lead to high values of water 

accumulation in these areas. This will increase rainwater infiltration into the ground. 

Encouraging rainwater harvesting technologies by building water collection tanks for water 

storage within the industrial area thus reducing the amount of water that goes as surface 

runoff in the area hence reducing peak flows drastically. 

Discourage encroachment of reserve areas for flood-prone lands thus leaving enough room 

for plants and machinery for maintenance and repair. 

There’s a need for adequate funding for rural road drainage design and construction/ 

maintenance and the need to use the approved drainage designs while executing and 

implementing drainage construction on rural roads. 

5.3: Improvement of the specifications of drainage manual that can fit condition of 

drainage of Katakwi 

From road design and construction manual volume V July 2018, the standard specifies; 

  The minimum bottom width for side drains of 300mm but I would recommend 

200mm  ; Minimum longitudinal gradient of the side drain of 2% but I would 
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recommend 1.2% for Katakwi district due to it being in a flat terrain and also to 

reduce the cost of construction and ease of maintenance.  

 The minimum culvert diameter size of 600mm but for Katakwi being a flat area I 

would recommend the inclusion of 450mm diameter size culverts. 

 The road gradient of 4%, the maximum allowable mitre drain spacing of 200m but I 

would recommend 100m for effective water disposal off the road.  

 The road gradient of 4%, the scour check interval distance of 17m but I would 

recommend 10m due to loose type of soil in Katakwi district.  
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File Name: 

Appendices 

Appendix-1    Form 1: Road Section condition Assessment Form 

 

District & Urban Road 

District/City 

Code: 

 
District/City 

Name: 

 

 
Municipality/To 

wn Code: 

ROAD SECTION CONDITION ASSESSMENT FORM 

Municipality/To 

wn Name: 

Form 1 

Road Code                                                         Road Name:                                              Road Class:                                                  
Start 

Village: 

End 

Village: 

Surveyed by:                                                      Survey Date:                                                 
Survey 

Vehicle: 
Weather:                                                            

Road 
Condition: 

(Dry or Wet) 

Road Length:                   0.00 km                     
Garmin Raw Data

 
Track 

Name: 

Survey                                                         
(Forward or Reverse) 

Direction: 
 

 
Road Sectiton 

No. 
Road Section Chainage 

(km) 
Road Section 

Length 
Road 

Surface 

Type 

Drainage Condition 

Factor 
Shoulder Condition 

Factor 
Roughness 

Surface 

Conditon 

Factor 

Carriageway 

Width 
Shoulder 

Width 
 

Waypoint (Start point) 
 

Waypoint (End point) 
 
Average Speed  

Remarks 
start end (km) left right left right (m) (m) No. Latitude Longtitude No. Latitude Longtitude km/hrs 

(i) (ii) (iii) (iv) (v) (vi) (vii) (viii) (ix) (x) (xi) (xii) (xiii) (xiv) (xv) (xiii) (xiv) (xv) (xxvi) (xvii) 
 

 
Record Odometer Reading in GPS (Start) Calculated as (iii) - 

(ii) Stop and 

perform Check 
 

Stop and perform Visual Check  
Stop and perform Visual Check Based on 

Average Speed 

(xxiv) 
 

Stop and perform Measurement  
Record From GPS  

Record From GPS Record from GPS 

the Speed - Moving 

Avg.  

  
0.00 

 
0.00                  
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   Appendix-2    Form 2: Structure Inventory / Condition Assessment Form 

 

District & Urban Road STRUCTURE INVENTORY / CONDITION ASSESSMENT FORM Form 2 

District/City 

Code: 

District/City 

Name: 

 
Municipality/Town 

Code: 

 
Municipality/Town 

Name: 

 

Road Code                                                          Road Name:                                                          Road Class: 

 
Surveyed by:                                                        Survey Date:                                                       Road Length:                                                      km 

 

 
Garmin Raw Data 

File Name: 

 
 
Structure No. 

 
(i) 

Waypoint 
 

No.                Latitude           Longtitude 

(ii)                      (iii)                      (iv) 

 
Structure Type 

 
(v) 

No. of Spans 

(bridge only) 
 

(vi) 

Dimensions 
 

Width               Length 

(vii)                  (viii) 

Openings (culvert only) 

Quantity                Size 

(ix)                    (x) 

 
Structure Condition 

 
(xi) 

 
Comments 

 
(xii) 

  

 
Record From GPS 

 

 
(See below) 

 
Stop and Conduct 

Measurements 

 

 
Stop and Conduct Measurements 

 

 
Stop and Conduct Measurements 

 
Stop and Conduct Visual 

Inspection (1 - Good / 2 - 

Fair / 3 - Poor / 4 - Bad) 

 

 
Record any comments 

        

 

Structure Type 
 

1 R/C bridge 4 Steel Truss bridge 7 Concrete pipe culvert 10 Vented ford 
2 Composite bridge 5 Timber bridge 8 Steel pipe culvert 11 Drift 

3 Bailey bridge 6 Other Bridge type 9 Concrete box culvert 12 Other structure type 
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 Appendix 3: Statistics 
       

Road Class Statistics( March 2021) 

    

     

Road Code Road Name 

Class-1 Class-2 

 

 
 

    2072504 Katakwi - Toroma Road 18.71 0.00 

     2072510 Toroma - Kokorio Road 11.14 0.00 

     
2072514 Magoro - LakeBisinia Road 7.51 0.00 

     
2072524 Usuk - Ongongoja Road 26.96 0.00 

     
2072525 Kapujan - Kokorio Road 0.00 0.00 

     
2072526 Magoro - LakeOpeta Road 8.61 0.00 

     2072527 Getom - Toroma Road 0.00 10.66 

     
2072530 Adacar - Arengecora Road 14.73 0.00 

     
2072531 Alelesi - Omodoi - Adere Road 0.00 17.17 

     
2072532 Ngariam - Palaam Road 0.00 0.00 

     
2072533 Odoot - Olupe - Oriao Road 19.93 0.00 

     
2072534 Toroma - Akurao Road 0.00 11.45 

     
2072536 Ongongoja - Obwobwo Road 0.00 0.00 

     
2072537 Omodoi - Ngariam Road 17.99 0.00 

     
2072538 Adacar - Aketa Road 0.00 14.74 

     
2072539 Ocorimongin - Omodoi Road 0.00 12.23 

     
2072540 Odoot - Ngariam Road 0.00 11.77 

     2072541 Magoro - Angisa Road 0.00 0.00 

     

Grand Total   125.58 78.02 

      

 

b) Statistics 
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Surface Type  Statistics( March 2021) 

       

     

Road Code Road Name 

1-

Earth 2-Gravel 

3-

Paved Grand Total 

       2072504 Katakwi - Toroma Road 3.17 18.71   3.17 

       2072510 Toroma - Kokorio Road 0.63     0.63 
 

2072514 Magoro - LakeBisinia Road 16.90     16.90 

2072524 Usuk - Ongongoja Road 6.76     6.76 

2072525 Kapujan - Kokorio Road 11.36     11.36 

2072526 Magoro - LakeOpeta Road 7.06     7.06 

2072527 Getom - Toroma Road 3.28     3.28 

2072530 Adacar - Arengecora Road 4.92     4.92 

2072531 Alelesi - Omodoi - Adere Road 5.00     5.00 

2072532 Ngariam - Palaam Road 10.31     10.31 

2072533 Odoot - Olupe - Oriao Road   4.72   4.72 

2072534 Toroma - Akurao Road 5.79     5.79 

2072536 Ongongoja - Obwobwo Road 3.54     3.54 

2072537 Omodoi - Ngariam Road 1.22     1.22 

2072538 Adacar - Aketa Road 2.63     2.63 

2072539 Ocorimongin - Omodoi Road 3.47     3.47 

2072540 Odoot - Ngariam Road 2.14     2.14 

       

2072541 Magoro - Angisa Road   5.77   5.77 

       
Grand 

Total   88.19 29.20 0.00 98.68 

       
                            

              b) 

Statistics 

               

1-Earth 
(95.21) 

83% 

2-Gravel 
(19.99) 

17% 

Surface Type Statistics 

1-Earth

2-Gravel

3-Paved

Unknow
n
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Drainage Condition Left Statistics       

  Drainage Condition Left Length (Km) 

Road 

Code 

Road Name 1-Good 2-Fair 3-

Poor 

4-

Bad 

Unknown Grand 

Total 

2072504 Katakwi- Toroma Road   18.42 0.29     18.71 

2072504 Toroma - Kokorio Road     4.55 6.59   11.14 

2072514 Magoro- Lake Bisina 

Road 

    7.51     7.51 

2072524 Usuk-Ongongoja Road     21.53 5.43   26.96 

2072525 Kapujan- Kokorio Road       4.45   4.45 

2072526 Magoro -Lake Opeta 

Road 

    8.61     8.61 

2072527 Getom- Toroma Road   4.34 1.86 4.47   10.67 

2072530 Adacar-Arengecora Road     5.03 9.70   14.73 

2072531 Alelesi-Omodoi Adere 

Road 

    17.17     17.17 

2072532 Ngariam -Palam Road   7.90   5.96   13.86 

2072533 Odoot- Olupe Oriao 

Road 

    19.93     19.93 

2072534 Toroma- Okurao Road     11.45     11.45 

2072536 Ongongoja-Obwobwo 

Road 

    5.11     5.11 

2072537 Omodoi -Ngariam Road     16.01 1.98   17.99 

2072538 Adacar- Aketa Road   2.25 12.50     14.75 

2072539 Ocorimomgin- Omodoi 

Road 

    6.48 5.75   12.23 

2072540 Odoot- Ngariam Road     11.77     11.77 

2072541 Magoro-Angisa Road      14.85     14.85 

Grand Total 0.00 32.91 164.65 44.33 0.00 241.89 
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2-Fair 
14% 

3-Poor 
68% 

4-Bad 
18% 

drainage condition left length 

1-Good

2-Fair

3-Poor

4-Bad

Unknown
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b) 

Statistics 

              Shoulder Condition Right Statistics( 

March 2021) 

     

   

District Road 

Network 

Road 

Code Road Name 

1-

Good 2-Fair 3-Poor 4-Bad 

Grand 

Total 

        2072504 Katakwi - Toroma Road       3.17 3.17 

        
2072510 Toroma - Kokorio Road       0.63 0.63 

 

2072514 

Magoro - LakeBisinia 

Road       16.90 16.90 

2072524 Usuk - Ongongoja Road       6.76 6.76 

2072525 Kapujan - Kokorio Road     5.46 5.90 11.36 

2072526 Magoro - LakeOpeta Road       7.06 7.06 

2072527 Getom - Toroma Road       3.28 3.28 

2072530 Adacar - Arengecora Road       4.92 4.92 

2072531 

Alelesi - Omodoi - Adere 

Road       5.00 5.00 

2072532 Ngariam - Palaam Road       10.31 10.31 

2072533 

Odoot - Olupe - Oriao 

Road     4.72   4.72 

2072534 Toroma - Akurao Road       5.79 5.79 

2072536 

Ongongoja - Obwobwo 

Road       3.54 3.54 

2072537 Omodoi - Ngariam Road   1.22     1.22 

2072538 Adacar - Aketa Road     1.70 0.93 2.63 

2072539 

Ocorimongin - Omodoi 

Road       3.47 3.47 

2072540 Odoot - Ngariam Road       2.14 2.14 

2072541 Magoro - Angisa Road   5.77     5.77 

2-Fair 
(16.49) 

14% 

3-Poor 
(14.90) 

13% 

4-Bad 
(83.81) 

73% 

Shoulder Condition Right 
Statistics 

1-Good

2-Fair

3-Poor

4-Bad

Unknown
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Grand 

Total   0.00 6.99 11.88 79.81 98.68 

         

b) 

Statistics 

           Surface Condition Factor Statistics( 

March 2021) 

          

  

Surface Condition Factor  Length (Km) 

        Road 

Code Road Name 

1-

Good 2-Fair 

3-

Poor 4-Bad 

Grand 

Total 

        
2072504 Katakwi - Toroma Road       3.17 3.17 

 

2072510 Toroma - Kokorio Road       0.63 0.63 

2072514 Magoro - LakeBisinia Road       16.90 16.90 

2072524 Usuk - Ongongoja Road       6.76 6.76 

2072525 Kapujan - Kokorio Road     5.46 5.90 11.36 

2072526 Magoro - LakeOpeta Road       7.06 7.06 

2072527 Getom - Toroma Road       3.28 3.28 

2072530 Adacar - Arengecora Road       4.92 4.92 

2072531 

Alelesi - Omodoi - Adere 

Road       5.00 5.00 

2072532 Ngariam - Palaam Road       10.31 10.31 

2072533 Odoot - Olupe - Oriao Road     4.72   4.72 

2072534 Toroma - Akurao Road       5.79 5.79 

2072536 Ongongoja - Obwobwo Road       3.54 3.54 

2072537 Omodoi - Ngariam Road   1.22     1.22 

2072538 Adacar - Aketa Road     1.70 0.93 2.63 

2072539 Ocorimongin - Omodoi Road       3.47 3.47 

2072540 Odoot - Ngariam Road       2.14 2.14 

2072541 Magoro - Angisa Road   5.77     5.77 

Grand 

Total   0.00 6.99 11.88 79.81 98.68 

        

2-Fair 
(16.49) 

14% 3-Poor 
(14.90) 

13% 

4-Bad 
(83.81) 

73% 

Surface Factor Statistics 

1-Good

2-Fair

3-Poor

4-Bad
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              b) Statistics 

          Carriageway Width Statistics( March 

2021) 

         

  

Length of Carriageway Width (Km) 

       

Road Code Road Name 

  

<=1.0m 

 1.0-

2.5m  2.5-4.5m 

 

>4.5m 

Grand 

Total 

 

2072504 Katakwi - Toroma Road   3.17     3.17 

2072510 Toroma - Kokorio Road   0.63     0.63 

2072514 Magoro - LakeBisinia Road   16.90     16.90 

2072524 Usuk - Ongongoja Road   6.76     6.76 

2072525 Kapujan - Kokorio Road   4.02 7.34   11.36 

2072526 Magoro - LakeOpeta Road   7.06     7.06 

2072527 Getom - Toroma Road   3.28     3.28 

2072530 Adacar - Arengecora Road   4.92     4.92 

2072531 

Alelesi - Omodoi - Adere 

Road   5.00     5.00 

2072532 Ngariam - Palaam Road   10.31     10.31 

2072533 Odoot - Olupe - Oriao Road     4.72   4.72 

2072534 Toroma - Akurao Road   3.15 2.64   5.79 

2072536 Ongongoja - Obwobwo Road   3.54     3.54 

2072537 Omodoi - Ngariam Road     1.22   1.22 

2072538 Adacar - Aketa Road   0.93 1.70   2.63 

2072539 Ocorimongin - Omodoi Road   3.47     3.47 

       
2072540 Odoot - Ngariam Road   2.14     2.14 

       
2072541 Magoro - Angisa Road     5.77   5.77 

       

 1.0-2.5m 
(79.29) 

69% 

 2.5-4.5m 
(35.91) 

31% 

Carriageway Width Statistics 

  <=1.0m

 1.0-2.5m

 2.5-4.5m

 >4.5m
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Grand 

Total   0.00 75.29 23.39 0.00 98.68 

                             

           b) Statistics 

          Shoulder Width Statistics( March 2021) 

      

  

Shoulder Width Length (km) 

   

  

Narrow Wide 
Grand Total      

Road Code Road Name <= 1m > 1m 

     
2072504 Katakwi - Toroma Road 3.17   3.17 

      
2072510 Toroma - Kokorio Road 0.63   0.63 

      
2072514 Magoro - LakeBisinia Road 16.90   16.90 

      
2072524 Usuk - Ongongoja Road 6.76   6.76 

      
2072525 Kapujan - Kokorio Road 11.36   11.36 

      
2072526 Magoro - LakeOpeta Road 7.06   7.06 

      
2072527 Getom - Toroma Road 3.28   3.28 

      
2072530 Adacar - Arengecora Road 4.92   4.92 

      
2072531 Alelesi - Omodoi - Adere Road 5.00   5.00 

      
2072532 Ngariam - Palaam Road 10.31   10.31 

      
2072533 Odoot - Olupe - Oriao Road 4.72   4.72 

      
2072534 Toroma - Akurao Road 5.79   5.79 

      
2072536 Ongongoja - Obwobwo Road 3.54   3.54 

      
2072537 Omodoi - Ngariam Road 1.22   1.22 

      
2072538 Adacar - Aketa Road 2.63   2.63 

      

2072539 Ocorimongin - Omodoi Road 3.47   3.47 

      
2072540 Odoot - Ngariam Road 2.14   2.14 

      
2072541 Magoro - Angisa Road 5.77   5.77 

      Grand 

Total   98.68 0.00 98.68 
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b)   Structure Statistics 

        Structure Condition Statistics( March 

2021) 

        

 Concrete Pipe Culvert Steel Pipe Culvert 

Road Code Road Name 1-Good 2-Fair 
3-

Poor 

4-

Bad 
1-Good 

2-

Fair 

3-

Poor 

4-

Bad 
Total 

2072504 Katakwi - Toroma Road 11 15 2 0         28 

2072510 Toroma - Kokorio Road 2 1 4 4         11 

2072514 Magoro - LakeBisinia Road   0 1 1         2 

2072524 Usuk - Ongongoja Road 9 21 10 1         42 

2072525 Kapujan - Kokorio Road   1 4 1   2     8 

2072526 Magoro - LakeOpeta Road   2 4 2         8 

2072527 Getom - Toroma Road   6 2 5         13 

2072530 Adacar - Arengecora Road 1 11 2 0         14 

2072531 

Alelesi - Omodoi - Adere 

Road 
4 12 4 3         23 

2072532 Ngariam - Palaam Road 4 6 5 2         17 

2072533 Odoot - Olupe - Oriao Road 11 5 5 1         22 

2072534 Toroma - Akurao Road 5 1 0 0         6 

2072536 

Ongongoja - Obwobwo 

Road 
  1 3 3         7 

2072537 Omodoi - Ngariam Road 11 7 10 0         28 

2072538 Adacar - Aketa Road 2 8 1 1         12 

2072539 

Ocorimongin - Omodoi 

Road 
5 9 3 1         18 
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2072540 Odoot - Ngariam Road 1 13 1 0         15 

2072541 Magoro - Angisa Road 3 12 6 2         23 

Grand 

Total   69 131 67 27   2     297 

 

 

 

 

 

 

         

           

  

 

 
 

        

           

           

           

           

           

           

           

           

           

           

            

 

 

 

 

 

 

 

1-Good 
(2) 
5% 

Concrete Pipe Culvert Condition 
Statistics 

1-Good

2-Fair

3-Poor

4-Bad

Proposed
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b)   Structure Statistics 

Structure Condition Statistics (March 2021) 

  Ranking in (Km) 

Road 

Code 

Road Name Very Low 

Priority 

Low 

Priority 

Moderate 

Priority 

High 

Priority 

Total 

Length 

2072504 Katakwi - Toroma Road 0 18.71 0 0 18.71 

2072510 Toroma - Kokorio Road 0 0.92 5.03 5.19 11.14 

2072514 Magoro - LakeBisinia Road 0 0 1.06 6.45 7.51 

2072524 Usuk - Ongongoja Road 0 0.67 9.48 16.81 26.96 

2072525 Kapujan - Kokorio Road 0 0 0 4.45 4.45 

2072526 Magoro - LakeOpeta Road 0 0 8.27 0.34 8.61 

2072527 Getom - Toroma Road 0 4.34 0.57 5.76 10.67 

2072530 Adacar - Arengecora Road 0 0 9.72 5.01 14.73 

2072531 Alelesi - Omodoi - Adere 

Road 

0 0 9.57 7.6 17.17 

2072532 Ngariam - Palaam Road 0 2.38 11.48 0 13.86 

2072533 Odoot - Olupe - Oriao Road 0.74 11.54 7.66 0 19.94 

2072534 Toroma - Akurao Road 0 1.92 4.5 5.03 11.45 

2072536 Ongongoja - Obwobwo 

Road 

0 0 3.47 1.64 5.11 

2072537 Omodoi - Ngariam Road 0 2.59 14.39 1.01 17.99 

2072538 Adacar - Aketa Road 0 0 7.77 6.97 14.74 

2072539 Ocorimongin - Omodoi 

Road 

0 0 6.56 5.67 12.23 
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2072540 Odoot - Ngariam Road 0 5.01 6.03 0.73 11.77 

2072541 Magoro - Angisa Road   2.29 9.32 3.24 14.85 

Grand 

Total 

  0 50.37 114.88 75.9 241.89 
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Appendix 4: Map of Katakwi District roads 
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Appendix 5: Google map showing details of Kapujan-Kokorio Road  
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Appendix 6: Rainfall Data  
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APPENDIX 7: Drainage Improvement for  Kapujan-Kokorio Road  
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Drainage improvement on Kapujan -Kokorio Road
Echatu Andrew

TD/KAP/SD-04KATAKWI DISTRICT LOCAL GOVERNMENT
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Drainage improvement on Kapujan -Kokorio Road
Echatu Andrew

TD/KAP/SD-05KATAKWI DISTRICT LOCAL GOVERNMENT
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Drainage improvement on Kapujan -Kokorio Road
Echatu Andrew

TD/KAP/SD-06KATAKWI DISTRICT LOCAL GOVERNMENT
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Drainage improvement on Kapujan -Kokorio Road
Echatu Andrew

TD/KAP/SD-07KATAKWI DISTRICT LOCAL GOVERNMENT
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Drainage improvement on Kapujan -Kokorio Road
Echatu Andrew

TD/KAP/SD-08KATAKWI DISTRICT LOCAL GOVERNMENT
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