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Abstract 

The study examined the effective distribution of safe water using geospatial technique in 

Ilorin Metropolis, Kwara State, Nigeria. The study made use of water pipeline layout for 

Ilorin metropolis and information regarding link diameter, length, nodal elevation, tank 

location and height and all other fittings and appurtenances that comprise the 

distribution system were obtained. Population, topographic and water use per ward data 

and water quantity estimation were obtained. The quantity of water to be supplied to meet 

the water consumption of the population per day was calculated using the information 

obtained about the population and the growth rate from national population census. 

Descriptive statistics were used for the analysis in the study. Findings revealed that Asa 

and Agba dams are the main sources of water for the existing network in Ilorin metropolis 

while the existing water distribution network in Ilorin metropolis is generally deficient in 

reliability as the water treatment facility is also not in a good state. And even within the 

areas partially served by the weak network at present, there are rusted and broken pipes 

which lead to loss of water due to leaking and unhygienic water due to particles sneaking 

into the broken pipes. The geography of demand of water in Ilorin varied from low 

demand population density (144,367-165,000 per sq km) in the Airport/Eyenkorin and 

OyiJebba Road to high demand area (277,001 – 484,923 per km
2
) in the Taiwo-Oke, 

Taiwo-Isale, Baboko, Agbo-Oba, Agaka, Oja-tuntun, Okelele, Abayawo, Akerebiata, 

Gambari and Oja-Oba. Also, areas like Zango and Tank. The study concluded that water 

distribution in Ilorin Metropolis has not been efficient due to non-maintenance of the 

valves and treatment facility at the Asa Dam reservoir; irregularity in the supply of 

electricity to power pumping machines and other related machines; poor management 

and human error which may occur due to incompetence and corruption.; low volume of 

water in dry seasons; and lack of government funding and stiffening the intervention of 

the private sector.  It was recommended that there is need for the government to provide 

more funds for the upgrade, completion and maintenance of existing water infrastructure; 

government policies which will review water distribution system beyond the design period 

should be put in place among others. 
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Introduction 

Anything short of an adequate provision of water in good quality and adequate quantity 

which is indispensable for the survival of human beings, plants and animals may result in 

water related epidemic. For decades, water supply and distribution has been a challenge in 

most third world and developing nations. Yazdani et al. (2011) observed that lives are 

being endangered and economic growth restricted as a result of increasing water stress in 

many developing countries.  Also, Schuetze and Santiago-Fandiño, (2013) noted that 

disparity will likely hit additional areas as population grows because many parts of the 

world experience water deficit. Water supply cannot reach some areas due to expansion 

caused by increase in population and even some networked areas suffer insufficiency. 

Although, the level of global availability of pipe water connection is on the rise, 

longstanding and ailing network characterized the cities of numerous developing countries 

of the world and the consequences is unreliable supply of lower quality (UNDP, 2006).  

This phenomenon is expected to worsen if unchecked, as put in by UNDP (2014), that 

more people live in urban areas than in rural areas with 54 % of the world’s population 

living in urban areas in 2014 and is expected to reach 66 % by 2050. Kala et al. (2007) 

reported that “the rapid expansion of towns and cities is caused by rural-urban migration”. 

For example, between 1950 and 1990, the number of cities of the world with population 

of more than 1 million increased from 78 to 290 and this is expected to exceed 600 by 

2025 (Serageldin, 1995). In some cases, the various wards/sections of the cities in 

developing countries are provided with water on rotational basis because the supply of the 

whole city is below requirement. As proclaimed by Totsuka et al. (2004), the use of 

irregular provision and shifting supplies for most hours of the day and regulating the 

consumers’ ability to get water is one of the coping strategies in a situation of inadequate 

water resources. Apart from air, water is the most important and unavoidable resource of 

life. The use of water by humans is universal and without water there will be no life. 

Water which is a free gift of nature is copious. Despite the abundance of water, 

availability of potable water in some regions of the country, especially in the metropolitan 

areas of Nigeria is generally insufficient and scarce. The scarcity of water in various 

regions of Nigeria is not because there is no sufficient water from the source, but as a 

result of inadequate distribution, transportation or conveyance of potable water to users in 

their varying demands, capacities and locations. Increase in population as well as demand 

for potable piped-borne water in most of the cities of developing countries and the 

activities of the people greatly affect the pipes networks laid beneath the ground. 

Therefore to ensure effective surveillance and monitoring of laid down water pipes around 

any metropolis calls for a proper guide with modern technologies, like the use of 

Geographic Information System and Remote Sensing. The development of water supply 

channels and water distribution network is as a result of Mans’ need for water for his daily 

activities.  

Mans’ craving for water brought about the need for water supply engineering, as a part of 

civil engineering, to develop a system for supplying  protected water to all the people to 

meet their demands. Water distribution network has co-existed with human societies for 

more than two thousand years. They serve people’s daily water needs after being laid 

underground. Accidents caused by poor quality water distribution network can be found 

in every country for example, in the United States, 24% of the water-borne diseases 

outbreak over the past decade was caused by contamination entering the water distribution 

system when there is leakage.  
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Recently, the news reported that filthy water leaked out of a pipe and poured in to the 

section of the subway line that is under construction in Lagos, Nigeria. This burst caused 

the nearby road to sink into a huge hole, 20 metres long, 10 metres wide and 10 metres 

deep, in a busy section of the ring roads in-cycling the city (Daily Trust, 2014). Moreover, 

in most Nigerian cities, most of the water infrastructures are up-to, and in most cases over 

fifty years old. Due to deterioration, infrastructures of this age are likely to suffer from 

problems such as internal tuberculation and corrosion, cracking and leakage, which can 

result in several operational problems. Meanwhile, the water distribution network 

problems are usually very difficult to define, so until now management planning methods 

for network rehabilitation are still poorly developed when compared with the financial 

and technological investment involved in. The rapid growth of computer technology, such 

as Geographical Information System (GIS) and remote sensing, has been widely used in 

various fields since it came into existence 1989. A GIS is a powerful configuration of 

computer hardware and software used for compiling, storing, managing, manipulation, 

analyzing, and mapping (displaying) spatially-reference information.   

More than 80% of all information used by a water utility is geographically referenced. 

While GIS applications for water distribution systems are not new, getting beyond the 

basic inventory and mapping functions is often challenging. Unless a water system GIS is 

taken to the operational level, it's just a pretty map. That is why the GIS emphasis is now 

shifting from computerized mapping to enterprise-wide mission critical applications. GIS 

applications make the routine business functions easier to perform which improves 

productivity and reduces cost. GIS applications have the potential to prepare our water 

systems for the operational challenges of the twenty-first century (Shamsi, 2002).   

A water distribution network is a system of engineered hydrologic and hydraulic 

components which provides water supply.  Water distribution networks, comprising of the 

water tank, pumps, transmission and distribution supply main, valves and fire hydrants, 

transport water from a treatment facility to the end-users. Consumers are connected to the 

sources, through hydraulic components such as pipes, valves, and reservoirs. The 

objectives of the distribution system is to supply water to every house, industrial plants 

and public places by means of network of pipes at sufficient quantity and desired 

pressure, without impairing the quality of the water (Ayanshola et al., 2013).  A water 

distribution network must possess the capability to provide, during its entire life, the 

required quality of water for the expected loading conditions with the desired residual 

pressures at all nodes. Despite the installation of distribution reservoirs within different 

supply zones, many end-users are still left with either a very low supply or sometimes 

negative pressure or no supply at all. Challenges of providing sufficient water at adequate 

pressure to support growing demands are becoming more enormous in most cities of 

developing countries. This results from the failure of the distribution system in many 

urban cities of developing nations. The strengthening of the existing water distribution 

network or the construction of new ones becomes inescapable. These new developments 

may sometimes not undergo the necessary analysis and design procedure. One of the most 

important criteria to be considered when there is a need for a new development is the 

pressure management. A lot of money has been expended by service providers on this 

without yielding the desired results. About 80 to 85 percent of the cost of water supply 

goes into the distribution network (Swamee and Sharma, 2008).  

Various techniques exist for the evaluation of a water distribution system. This may 

include the use of GIS, which is increasingly being co-opted to assign water demand to 

network nodes based on user classifications such as residential, commercial, industrial, 

https://en.wikipedia.org/wiki/Hydrologic
https://en.wikipedia.org/wiki/Hydraulic
https://en.wikipedia.org/wiki/Water_supply
https://en.wikipedia.org/wiki/Water_supply
https://en.wikipedia.org/wiki/Water_supply
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institutional, etc (Filion et al., 2007). The ultimate goal of applying GIS and remote 

sensing to water distribution network is to provide the most cost efficient system of 

maintenance and repair of water distribution networks, with aim to guarantee the security 

of water supply that meets social, health, economic and environmental requirements. The 

little water quantities conveyed through pipes at relatively low pressure characterized 

intermittent water supply and is prominent among developing countries (Totsuka et al., 

2004). Some of the settlements in most developing countries are linear settlements 

because provision of infrastructure does not cover areas that are far from the 

transportation routes. Ufoegbune et al. (2010) lamented that those settlements situated 

along the transportation routes in Nigeria, are the ones usually provided with water supply 

networks. Vairavamoorthy et al. (2007) also insisted that the increasing rate of population 

especially in developing countries has worsened the declining of available water resources 

throughout the world. The available water resources have already been exploited while 

expanding the existing sources or developing new ones increases in terms of cost 

(UNESCO, 2003).   

Ilorin is the capital city of Kwara State but cannot boast of an effective and a reliable 

water distribution network to serve her inhabitants. The unavailability of an effective 

water distribution network in Ilorin in-turn results to the numerous problems of water 

such as water scarcity, water poverty, water contamination, and so on which has direct 

and indirect impacts on the livelihood of the inhabitants of Ilorin. Presently, Ilorin 

metropolis is witnessing almost all the water distribution problems facing most cities in 

the developing countries of the world. These ranges from inadequacy of water supply into 

the distribution system as well as inefficient distribution system, for instance; there are 

dilapidated and unevenly distributed storage tanks (reservoir) serving the entire 

metropolis, which was initially constructed to serve a very small population about 40 

years ago. At that time, the water distribution network only covered the built up areas 

when the population was small and the new areas of expansion due to increase in 

population were left out. In the hierarchy of distribution, there were only principal feeder 

mains and small mains because there is only one service reservoir, trunk main that 

connects central distribution tank and other reservoirs is not there. And even within the 

areas served by the network, there were rusted and broken pipes which lead to loss of 

water due to leaking and unhygienic water due to particles sneaking into the broken pipes. 

The situation was compounded by poor operations and maintenance. In addition, there is a 

total lack of database that will guide the operators to determine the number of consumers 

and the water demand within their area of operation. From the aforementioned analysis, 

water distribution problems in Ilorin metropolis can be categorized thus; inadequacy of 

the existing water supply, with only one reservoir of 10,000m
3
 capacity supplying just 

about 30% of the daily water demand for Ilorin metropolis. Another problem is ineffective 

distribution network and inadequacy in the provision of reservoirs to serve the entire 

study area due to expansion caused by increase in population, as the existing water 

distribution network only covers about 60% of the study area. The existing distribution 

network obtained from Kwara State Water Board was on a traditional paper map. There is 

also the problem of operation and maintenance of water facilities causing wastages and 

pollution due to leakages from broken and rusted pipes.Therefore, the goal of the present 

study is to explore an approach for the effective distribution and optimizing distribution of 

safe water in Ilorin metropolis by the application of GIS and remote sensing with a view 

to identifying the existing water distribution network in Ilorin metropolis; analysing the 

existing network. developing a Digital Elevation Model (DEM) of Ilorin metropolis; 

suggesting and proposing new sites for the proposed elevated water storage reservoir 
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types; proposing sites for water valves; and fire hydrants for the purpose of fire service 

operation for Ilorin metropolis; preparing a water demand map for Ilorin metropolis and 

proposing a new pipe network using Geographic Information Systems (GIS) and Remote 

Sensing for Ilorin Metropolis.  

Materials and Methods 

The study was carried out in Ilorin Metropolis which is the capital city of Kwara State in 

Nigeria. Ilorin is located on latitude 08°32' North and longitude 04°33' East with an area 

of about 100 km
2
 (Kwara State Diary, 1997). It is situated at a strategic point between the 

densely populated southwestern and the sparsely populated middle belt of Nigeria. Ilorin 

is home to four (4) local government areas namely Asa, Ilorin-West, Ilorin-East and 

Ilorin-South LGAs. The city of Ilorin is the study area, but the bulk part of the study will 

be limited to Ilorin metropolis only.  

Ilorin is one of the fastest growing urban centers in Nigeria. There has been a huge 

increase in the population of Ilorin since it became the state capital in 1976. The 

population growth rate is much higher than other cities at 2.5 percent of the national 

growth. The 2006 census put the population of Ilorin city to about 847,582 (NPC, 2006 

provisional results). The last known projected population in Ilorin, computed using the 

population growth rate of +2.5 percent as at 2015 is 1,038,287.  

Ilorin is located in the traditional zone between the deciduous woodland of the south and 

dry savanna of North of Nigeria (Jimoh, 2003). The elevation of Ilorin on the western side 

varies from 273m to 333m above sea level while on the Eastern side it varies from 273m 

to 364m. Ilorin is majorly drained by Asa River which flows in a South-north direction 

(Oyegun, 1985, Ajibade and Ojelola, 2004). Groundwater on the alluvium is recharged 

directly by rainfall or the adjoining overflowing river system. Major rivers draining the 

city are: Asa, Agba, Alalubosa, Okun, Osere, Aluko (Ifabiyi and Ashaolu, 2013). The 

geology of the study area is underlain by Precambrian Basement complex rocks; 

comprising mostly gneiss, granite, schist, undifferentiated meta-sediments rocks and 

overburden that are composed mainly of clay, sand and silt soils. The diurnal range of 

temperature is also high in the area. The rainfall in Ilorin city exhibits greater variability 

both temporarily and spatially (Ajadi, 1996). The total annual rainfall in the area is about 

1200mm (Olaniran 2002). The diurnal regime of moderate rain in the area shows clear 

nighttime rainfall maximum (Olaniran, 1988). Relative humidity at Ilorin in the wet 

season is between 75 to 80% while in the dry season it is about 65% (Tinuoye, 1990). The 

day time is sunny. The sun shines brightly for about 6.5 to 7.7 hours daily from November 

to May (Olaniran, 1982).  
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Figure 1.Ilorin Metropolis showing Roads 

 

The data required, coordinates of location/sites for proposed water infrastructure 

(coordinates acquisition using GPS on ground); water distribution master-plan of Ilorin 

from the water board iii.Population figure per political ward; and iv.Data on water use.A 

map of the water pipeline layout for Ilorin metropolis was obtained from the Kwara State 

Water Board (KSWB), who is the major water service provider. Information regarding 

features such as link diameter, length, nodal elevation, tank location and height and all 

other fittings and appurtenances that comprises the distribution system was obtained. 

Population data was collected from the National Population Commission (NPC).  First-

Hand data included coordinates acquisition using GPS on ground Second Hand Data; 

topographic Map of Ilorin Metropolis; population data and water use per ward data in 

different areas of Ilorin metropolis from the National Population Commission (NPC), 

Ilorin; water quantity estimation - the quantity of water required for municipal uses for 

which the water supply scheme has to be designed through water consumption rate (Per 

Capita Demand in litres per day per head) and population to be served. - (Quantity= Per 

capita demand x Population). 

Areas un-served with potable water supply were identified through comparison of the map 

showing existing pipeline with areas it covers on the topographic map.  

For generation of an improved distribution plan, the road network from Google earth 

imagery and the existing pipeline plan of the area of study were scanned and imported 

into GIS environment using ArcGIS 9.3 and Quantum GIS 2.7softwares for analysis to 

generate a new distribution pipeline plan for the environment. Positions suitable for citing 

service reservoir were thus identified from the most elevated parts of the environment. 

The number of pipes to be used for transmission of water to the new environments 

needing extension of supply pipeline was estimated through division of the total 

horizontal distances calculated from the proposed pipeline plan by average length of a 

pipe which is 6m. The number of sluice valve to be used at points of change in direction 

of the supply line due to cross-roads and major junctions on the new distribution pipeline 

was also estimated. Areas with reasonable accessibility were identified and earmarked 
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along the supply pipeline for citing hydrants for fire-fighting. Hydrants were cited on both 

the existing and the new pipeline planning for intake, treatment, and distribution of 

portable water to Ilorin metropolis.  

In this study, a design period of 25 years was assumed; the design date was taken to be 

2016 with 90 litres of water adopted for per capita per day consumption. For easy 

computation of the result, the study area is partitioned into the three (3) local government 

areas (axis) that make up the Ilorin metropolis, so that each axis can be treated as a unit 

entity. These areas include: IlorinWest, Ilorin-East and Ilorin-South Local Government 

areas (axis). The quantity of water to be supplied to meet the water consumption of the 

population per day was calculated using the information obtained about the population 

and the growth rate from national population census (NPC 2006). And assumptions 

necessary to enhance a nearly accurate estimation of the population were made. The last 

known projected population in Ilorin, computed using the population growth rateof +2.5 

percent as at 2015 is 1,038,287. Therefore, since population growth rate in Ilorin is +2.5% 

per year as at 2015, then population of Ilorin in 2016 would be approximately estimated 

to be 1,059,477. The total volume of water needed daily was thus calculated through 

multiplication of the population (population computed from the equation) by the quantity 

of water consumption per person per day.   

The population of Ilorin metropolis for year 2015 and 2040 was calculated using the 

compound growth rate equation.  

Pn = Po (1+ r/100)n 

Pn = Projected population for nth 

year Po =Initial population figure   

r = Growth rate = 2.5% (NPC 2006)  

The population of Ilorin as at 2006 according to NPC figures was 847,582. 

The population in 2015  

P2015= 847,582 (1+2.5/100)9 = 1,038,287.  

The population in 2016 will be 1,059,477.  

The population by 2041(25 years from 2016)   

P2041 = 1,059,477 (1+2.5/100)25 = 1,589,216.  

Water demand  

Per capita per day consumption = 90 litres 

Assumed safety factor = 1.5; the safety factor covers for water losses at intake, pipe 

damage, and reservoirs overflow etc. 

The average daily demand of the population per day = Population x per capital per day 

consumption x safety factor  

Maximum water demand = 1.2 x Average daily demand   

Maximum water demand for the year 2016 = 1,059,477 x 90 x 1.5 x 1.2 = 171,635,274 

litres 

Maximum water demand for the year 2040 = 1,589,216 x 90 x 1.5 x 1.2 = 257,452,992 

litres 



 International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 9, Issue 2 (February, 2023) | www.ijaar.org  

 

16 

Water Quantity Estimation  

The quantity of water required for municipal uses for which the water distribution scheme 

has to be designed requires the following:  

- Water consumption rate (Per Capita Demand in litres per day per 

head) -Population to be served.  

Therefore, Quantity= Per capita demand x Population  

The Suitability Model   

The Heuristic Approach/Model which is a coalition of the Loop system channeling layout, 

gravity & pumping systems and an all-linked network skeletonization model was adopted 

for this study in other to ensure the increase of hydraulic reliability and the availability of 

water during pipe failures. These aforementioned models in nexus will be suitable for the 

extension /newly proposed water distribution network in Ilorin metropolis as the design is 

envisaged to grow larger.  

The loop channeling system will ensure the free circulation of water; quick service 

delivery; that incase of repairs, small portion of the distribution network will be affected; 

and plenty of water will be available for the fire-fighting purpose.  

The gravity and pumping system will make use of terrain heights as an advantage to allow 

the flow of water and the use of water-pumps to transport water into reservoirs and 

minimal areas where water will not be able to ascend. The all-linked network 

skeletonization model will aid the direct channeling and disbursement of potable water to 

a bulk number of consumers at the same time. All consumers in a water district will have 

easy access to water at a generally-high-pumping-pressure constant.  

 

Criteria for Optimizing Water Distribution  

Population of the water consuming residents, Water demand, Road / Street pattern, 

Terrain (topography, geology, elevation or relief), Water pumps, Types of water 

distribution network design, Source of water, Water treatment process, Storage, Pipelines 

for distribution, Land Use are the criteria which will serve as a prerequisite to ensure a 

good, reliable and sustainable water distribution network.   

Criteria Evaluation and Conceptual Data Modelling 

This is the representation of a human conceptualization of reality. It is the process of 

designing the conceptual model of data by examining the relationship between entities 

and the characteristics of the entities and attributes (Kufoniyi, 1998). The technique in 

data modeling is Entity-Relationship Diagram.  

Pipeline Route Selection  

The steps used to produce the best route for a new water pipeline/path are outlined. Using 

ArcGIS 9 and QuantumGIS Spatial Analyst Module: Classify the layers participating in 

the spatial analysis; Create a cost surface; Define starting and end points for each segment 

of the pipeline; Give standardized values to all the variables identified; Give percentage 

weight to the factors and; perform a least-cost pathway analysis (weighted overlay).  

Suitable Elevated Storage Reservoir Locations  

The suitable location for the elevated storage reservoirs in the Ilorin metropolis is 

determined by elevation, relief or topography of the area and the population and water 

demand of the immediate consumers.The relief of Ilorin on the western side varies from 



 International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 9, Issue 2 (February, 2023) | www.ijaar.org  

 

17 

273m to 333m above sea level while on the Eastern side; it varies from 273m to 364m 

(Ifabiyi and Ashaolu, 2013). This means that the elevation of Ilorin metropolis is 

generally in the range of 273 - 364metres above sea level.  Elevated storage reservoirs 

will be located in high points where the channeling and delivery of water will be gravity-

driven. The usage of Pumps will aid in drawing- up of water into the ESRs. The 

population demand for water in various areas of Ilorin metropolis will also determine the 

varying sizes of the Elevated Storage Reservoirs. Therefore, to ensure sustainability and 

availability of water for the growing populace of the Ilorin metropolis, a large- sized 

storage reservoir of 1.5million litres will be used for efficient distribution.  And these 

ESRs were located in 12 points to serve effectively the present and growing population of 

Ilorin metropolis for the next 25years. 

Results and Discussions 

Existing Water Distribution Network of Ilorin Metropolis  

The existing network for Ilorin metropolis is presented in Figure 2. It belongs to the 

branched network category, with its various limitations, such as, the large portion of 

distribution area which is affected during repairs; at dead ends, there is no free circulation 

of water; and no provision of water for fire-fighting purpose and a slow delivery of 

service.  

Asa and Agba dams are the main sources of water for the existing network in Ilorin 

metropolis. Generally, the existing water distribution network in Ilorin metropolis is 

deficient in reliability. The infrastructures and facilities that make up the network are 

weak, rusty, obsolete, and not servicing all residents. The water treatment facility is also 

not in a good state. As population increases over the years, it then becomes one of the 

major factors why the water distribution network cannot cater for the present population. 

Also, the water sector in Kwara State has been neglected by the Kwara State Government 

and Ilorin being the capital city is not left out of the neglect. Presently, there are 

dilapidated and unevenly distributed storage tanks (reservoir) serving the entire 

metropolis, which were initially constructed to serve a very small population about 40 

years ago. At that time, the water distribution network only covered the built up areas 

when the population was small and the new areas of expansion due to increase in 

population were left out. In the hierarchy of distribution, there were only principal feeder 

mains and small mains because there is only one service reservoir, trunk main that 

connects central distribution tank and other reservoirs is not there.  And even within the 

areas partially served by the weak network at present, there are rusted and broken pipes 

which lead to loss of water due to leaking and unhygienic water due to particles sneaking 

into the broken pipes.  

The situation turned from bad to worse by poor operations and maintenance.  In addition, 

there is a total lack of database that will guide the operators to determine the number of 

consumers and the water demand within their area of operation. From the abovestated 

analysis, water distribution problems in Ilorin metropolis can be categorized thus; 

inadequacy of the existing water supply, with only one reservoir of 10,000m
3
 capacity 

supplying just about 30% of the daily water demand for Ilorin metropolis. Another 

problem is ineffective distribution network and inadequacy in the provision of reservoirs 

to serve the entire study area due to expansion caused by increase in population, as the 

existing water distribution network only covers about 50% of the study area due to the 

expansion of the city and population sizes.  The existing distribution network obtained 

from Kwara State Water Board was on a traditional paper map. There is also the problem 

of operation and maintenance of water facilities causing wastages and pollution due to 
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leakages from broken and rusted pipes. Figure 2 is a traditional map of the existing water 

distribution network plan of Ilorin metropolis.  

 

 
Figure 2: Traditional Map of the Existing Water Distribution Network of Ilorin 

Source: Kwara State Water Corporation (2010) 

Table 2. Summary of the Main Features of the Water Works serving Ilorin  

Storage Dam  Dam Reservoir  

Capacity  

(x 10
3
m

3
)  

Treatment  

Plant Capacity  

(x 10
3
m

3
 /day)   

Average Production  

(x 10
3
m

3
 /day)  

 

1997-1999  2002  

Asa 43,000.00  55,000  40,833  18,800  

Agba 3,100.00  18,184  13.067  4,000  

Sobi 3,000.00  9,092  8133  0.602  

Total  49,100;00  82,276  62,033  23,402  

Source: Kwara Water Corporation (2010)  

 

Geographical Analysis of Existing Water Reservoirs   

The water distribution network in Ilorin metropolis is irregular because of various illegal 

connections which have resulted into the provision of unclean and unfit supply of potable 

water to the residents. Existing reservoirs distributing water into the Ilorin metropolis, 

because of ageing, have witnessed irregularities such as pipeline leakages, pipeline & tank 

rustings, cracked concrete reservoirs, worn out water pipes, insufficient pumps, vanished 

pipelines in some channels of the distribution network, lack of maintenance of water 

infrastructures and ineffective water management which are factors that render the 

existing reservoirs in Ilorin metropolis inadequate. Table 3 shows the type, location, 

capacities and status of the thirteen distribution tanks in Ilorin metropolis at present.  
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Table 3: Type, Location, Capacities and Status of the Thirteen (13) Water Distribution 

Tanks presently in Ilorin Metropolis 

 
 

Generally, these thirteen (13) reservoirs at their present capacities would not be sufficient 

to supply water to Ilorin metropolis (Figure 3). Therefore, the need to fortify the supply 

and distribution of potable water with a newly proposed design of a water distribution 

network is imminent.  
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Figure 3: Locations of the Existing Water Reservoirs in Ilorin Metropolis 

 

Digital Elevation Model of Ilorin Metropolis  

The Digital Elevation Model showcases the relief profile of study area which aided the 

selection of a suitable location for the new reservoirs. Figure 4 depicts the relief profile of 

Ilorin metropolis in five (5) categories according to elevation (heights) measured in 

metres. Areas of low elevations of 227 – 282metres and 283 – 302metres will allow the 

laying of pipelines without stress of installing pumping systems to transport potable water 

to these areas. The gravity system which requires the use of the heights of elevated 

storage reservoirs for free flow of water from high points to low points will be adequate 

for these areas. Areas of 303 – 320metres will employ the minimal use of the pumping 

system for water transport to such elevated areas. Areas of 321 – 341metres and 342 – 

403 will employ the extensive use of pumping systems to transport water to such 
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elevations. It is pertinent to note that all these categories of elevation aided water transport 

in pipelines from high to low regions (descent) and make extensive use of pumps to 

transport water from low regions to high areas (ascent). The Digital Elevation Model 

(DEM) also facilitated the locating of the Elevated Storage Reservoirs in vantage 

positions to aid the transport of potable water to various end-users in their respective areas 

of elevation as shown in Figure 4.  

 

Figure 4: Elevation Model of Ilorin Metropolis 

 

Proposed Sites of Facilities in the Water Distribution Network  

All the set objectives of this study is achieved by the extension of the existing network 

which will serve as a newly proposed, sustainable and modern water distribution network 

with the extensive use of GIS and remote sensing to monitor, plan and forecast for future 

extensions and capacity increase of the water distribution network; provide a water 

distribution network database for future purposes; guarantee of safe and potable water to 

consumers; detection of quantity of water supplied; detection of insufficient pressure, bad 

valves, leakages and faults in water infrastructures, if an electronic auto-detector is 

installed with the distribution network, and entirely; to introduce a sustainable and 

modern approach to water distribution from the source to the consumers; and the extended 

and newly proposed water distribution network reached out to the absorbing suburbs and 

boondocks of the city of Ilorin like Tanke, Eyenkorin, Ganmo, Jimba-Oja, Oke Oyi and 

so on. The reinvigorated network met all the criteria of an effective, reliable and 

sustainable water distribution network.   
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Table 4. Locations of the Elevated Storage Reservoirs (ESRs) in the Extended and 

Newly Proposed Water Distribution Network  

S/N  Location  Northing 

(latitude)  

Easting 

(longitude)  

Accuracy  

(m)  

Capacity  

(mg)  

Million  

Gallon  

Type of ESR  

1.  Asa Dam  8.442004  4.551666  0.3  1.0  Spheroid water 

tower  

2.  Agba Dam  8.474414  4.586300  0.3  1.0  Spheroid water 

tower  

3.  Adewole 

Estate  

8.480308  4.499365  0.5  1.5  Spheroid water 

tower  

4.  UITH  8.479710  4.532159  0.4  1.5  Spheroid water 

tower  

5.  Oja-Oba  8.488172  4.534079  0.3  1.5  Spheroid water 

tower  

6.  Unilorin 

Dam  

8.467397  4.661846  0.4  1.5  Spheroid water 

tower  

7.  Ilorin 

Airport  

8.428360  4.482368  0.5  1.5  Spheroid water 

tower  

8.  Sobi 

Barracks  

8.564206  4.556604  0.3  1.5  Spheroid water 

tower  

9.  Amoyo 8.414225  4.621140  0.4  1.5  Spheroid water 

tower  

10  Taiwo 8.480334  4.547719  0.4  1.5  Spheroid water 

tower  

11  Offa Garage  8.438672  4.599931  0.3  1.5  Spheroid water 

tower  

12  Fate  8.503181  4.592149  0.4  1.5  Spheroid water 

tower  
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Figure 5. Location of the Newly Proposed Elevated Storage Reservoir 

 

Geographical Extent of the Proposed Water Distribution Network (Coverage)   

The water distribution network will cover all areas situated in Ilorin metropolis. The network 

will extend to the neighbouring regions that the study area is gradually absorbing into her and 

also give allowance for future water demand and capacities. The extent and coverage of the 

proposed network is depicted in Figure 6. 
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Figure 6.Extended and Newly Proposed Water Distribution NetworkProjected Sites for Water 

Valves and Fire Hydrants 
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Figure 7. Projected Sites for Water Valves and Fire Hydrants 

In the existing network, the water valves are no more efficient to enhance the flow and 

stoppage of water in the pipes during distribution, maintenance or repairs. Also, 

provisions were not made for fire hydrants in situations of fire disasters. The present 

projection has suggested a sophisticated brand of water valves designed with fire hydrants 

to cater for control of water channels and fire outbreaks.  

 

The Geography of Quantity of Water Demand in Ilorin Metropolis  

In Figure 8, four (4) geographical patterns were identified and displayed on the analysis of 

water demand. High population figures indicates increasing water demand and water use. 

These geographical patterns are:  

i. Low Demand – population density in the low demand regions range from 144,367 – 

165,000 per km
2
. This is found in the out-skirting or suburb areas of Airport/Eyenkorin 

road, Oke-oyi/Jebba road and some other areas where the population demand for water is 

relatively low because of the low population of residents and end-users.  

ii. Moderately Low Demand – population density in the moderately low demand regions 

range from 165001 – 272,000 per km
2
. This is evident in Lao/Gbagba, Oyun, Kulende, 

Olunlade-Ganmo road areas close to the out-skirting or suburb areas of relatively low 
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water demand areas. In this area, the population demand for water is moderately low 

because of the low population of residents and end-users who are newly occupying the 

area because of the congestions currently experienced in the central areas of the Ilorin 

metropolis.   

iii. Moderate Demand – water is in moderate and optimum demand in this region as it has a 

population density ranging from 272,001 – 277,000 per km
2
. These are areas like GRA, 

Ahmadu Bello way, Fate/Basin road, where the demand for water is relatively 

proportionate to the number of residents. The moderate demand for water in these areas is 

as a result minimal congestions of persons in this area, as household sizes and 

characteristics (such as educational level) extensively determines the water use behavior 

and pattern.    

iv. High Demand – population density in the high demand regions range from 277,001 – 

484,923 per km
2
. This is found in the Central Business Districts (CBDs) and central areas 

of Taiwo-Oke, Taiwo-Isale, Baboko, Agbo-Oba, Agaka, Oja-tuntun, Okelele, Abayawo, 

Akerebiata, Gambari and Oja-Oba. Also, areas like Zango and Tanke where large 

populations of students live are areas where the population demand for water is very high 

because of the high population of residents and end-users. 
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Figure 8. Geographical Patterns of Water Demand in Ilorin Metropolis 
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Figure 9: Overlay of the Proposed Water Distribution Network on the Google Earth 

Imagery of Ilorin Metropolis 

 

Conclusion and Recommendations 

The study can be concluded that the management of water distribution networks using GIS is 

a very appropriate approach to solving water distribution issues. GIS and remote sensing 

functionalities have made it stand out as a very appropriate approach to efficient management 

of water distribution facilities. GIS makes use of accurate and up-to-date data, appropriate 

software for data processing, database creation and analysis. It will also create a reappraisal 

platform for assessing service delivery and analysis of demand-supply trend.  Moreso, this 

study has demonstrated the design and creation of database for water distribution networks 

within the Ilorin metropolis. The system developed can support the design of a long term 

expansion and replacement action plans for the study area and other areas deemed fit to be 

applicable. However, data such as pipe condition, pipe failure records, population of suburbs 

and customer information if available would further improve prioritization of water 

distribution activities. As far as this study is concerned, GIS and remote-sensing are problem 

solving and decision-making tools for effective management and administration water related 

issues. Water distribution has been identified as not efficient in Ilorin metropolis due to non-

maintenance of the valves and treatment facility at the Asa Dam reservoir.; irregularity in the 

supply of electricity to power pumping machines and other related machines; poor 

management and human error which may occur due to incompetence and corruption.; low 

volume of water in dry seasons; and lack of government funding and stiffening the 

intervention of the private sector.   

The study recommendedamong others that there is need for the government to provide more 

funds for the upgrade, completion and maintenance of existing water infrastructure; 

government policies which will review water distribution system beyond the design period 
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should be put in place; water metering which is the process of measuring water usage should 

be enforced by water management authorities to reduce wastage of water in households and 

industries in the study area; government should ensure the funding of the design and 

execution of the proposed project, which will serve as measure to combat the teeming water 

challenges in the society; and lastly, both the Federal and State Governments should grant 

private firms influx into the water sector, so as to allow privatization of water infrastructures 

and facilities. 
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