
  ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.2, AUGUST, 2017 

 

108 
 

PRESSURE HEAD ANALYSIS OF WATER DISTRIBUTION NETWORKOF BAUCHI 

METROPOLIS 

 
1
Dan’azumi, S. and 

2
Abdullahi, S.Y.  

1
Departments of Civil Engineering, Bayero University Kano, Nigeria 

2
Department of Civil Engineering, Abubakar Tatari Ali Polytechnic, Bauchi 

 

Corresponding Author: sdanazumi.civ@buk.edu.ng 

 

ABSTRACT 

 

In Bauchi metropolis water reticulation, water is pumped from a treatment plant at Gubi to two overhead reservoirs at 

Warinji and then distributed to the network. The network analysed comprises of flow from the reservoirs to major pipes 
that pass through the city and this includes 97 pipes of different sizes connected at 72 nodes. The current (2015) and 

future (2035) water demands were estimated to be 42,856 and 63,214 m
3
/day respectively. Presently, most parts of 

Bauchi receive water for only 4 hours per day and therefore, 4 hours of extended period simulation was conducted using 
EPANET 2.0. Similarly, future design was proposed in which 12 hours of water supply was analysed. Results of proposed 

design indicate that 68 nodes, out of the 78 will have pressure head above 25 m which satisfies many standards and is a 
good step towards achieving the ultimate goal of 24 hours water supply. 
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1. INTRODUCTION 

Water is one of the basic needs of man and is a key 

driver of sustainable economic growth and poverty 

alleviation. Water supply and distribution are central to 

improvements in human development, such as health, 

education and poverty reduction. In modern times, there 

is close relationship between availability of water, 

public health and economic development. The 

importance of water in the maintenance of life and 

health makes it an essential human need that as a matter 

of right should be provided to all human beings, 

irrespective of class or residence (Ordinioha and 

Adeosun, 2008). The quest to realize this all over the 

world has led to the institutionalization of international 

assistance to developing countries. The World Bank and 

other development partners have in the past provided 

funds for rural, small towns and urban water supply and 

distribution. The supports have assisted governments to 

reach the current status. 

One of the main objectives of water supply system is to 

provide potable water for domestic use, adequate in 

quantity, at sufficient pressure for fire protection and for 

industrial use (Ayanshola and Sule, 2006). Major 

consideration in the design of water supply systems is 

the water demand of the population being served, the 

fire flow needed to protect life and properties and the 

proximity of the service area to source of water. There 

are several categories of water demand within any 

populated area, and these demands may be broadly 

grouped in to residential, commercial, industrial, and 

public. Researchers have proposed different values of 
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per capita water demand. Saminu et al. (2013) used a 

value of 115 litres per day while Onuaha et al. (2012) 

recommended a water requirement of 135 litres per day. 

However, Bauchi State Sanitation and Hygiene Policy 

(2012) recommends a lower per capita demand of 80 

litres per day and this value is adopted in this research. 

A typical water supply system may consist of a raw 

water source, treatment plant, pumping station, storage 

reservoirs and distribution system. Water supply sources 

that can be exploited usually include surface water, 

groundwater, reclaimed water and desalinated water. 

Large cities such as Bauchi generally use surface water 

to meet their demand, whereas many small and medium 

size towns use groundwater. 

One of the essential parts of water supply system is the 

distribution system. The water has to get to the 

consumer through a network of pipes with a minimum 

specified pressure at sufficient quantity and quality. The 

distribution system also includes hydraulic elements 

such as pumping station and storage reservoirs. Analysis 

of a particular distribution pipe network can have many 

scenarios depending on location of the pumping station, 

elevated storage reservoirs and topography of the area 

(Ayanshola and Sule, 2006). This research work is 

aimed at carrying out pressure head analysis of water 

distribution system of Bauchi Metropolis, using 

EPANET 2.0, to establish its adequacy or otherwise and 

to recommend upgrade where necessary. 

There has been an increase in the number of software 

applications that have been released for pipe distribution 

networks analysis – both in the commercial and in the 

public domains. Some of these softwares include: 

Aquanet, Archimed, Eraclite, Pipe2000, WadisoSA, 

EPANET and WaterCAD.  

EPANET 2.0 analyses water distribution network based 

on the gradient algorithm (Rossman, 2000) and this 

involves solving two sets of equations: headloss 

equation between two nodes and continuity equation at 

each node, assuming a pipe network with N junction 

nodes. The headloss relation in pipes between nodes i 

and j is given by Equation 1: 

 

𝐻𝑖 − 𝐻𝑗 = ℎ𝑖𝑗 = 𝑟𝑄𝑖𝑗
1.852 + 𝑚𝑄𝑖𝑗

2        …         (1) 

 

Where: H = nodal head, h = headloss, r = resistance 

coefficient, Q = flow rate, and m = minor loss 

coefficient. 

 

The resistance coefficient (r) is calculated using Hazen-

Williams formula: 

 

𝑟 =  
4.727

𝐶1.852𝑑4.871 𝐿             ...                                (2) 

 

Where: d = pipe diameter, L = pipe length and C = 

Hazen-Williams roughness coefficient which depends 

on the pipe type. 

 

The second equation that must be satisfied is flow 

continuity around all nodes (Equation 3): 

 

∑ 𝑄𝑖𝑗 − 𝐷𝑖 = 0𝑗    𝑓𝑜𝑟 𝑖 = 1, … 𝑁       …          (3) 

 

Where: Di is the flow demand at node i.  

 

For a set of known heads at the fixed grade nodes, 

EPANET seeks for a solution for all heads Hi and flows 

Qij that satisfy equations (1) and (3) respectively 

(Rossman, 2000). The method begins with an initial 

estimate of flows in each pipe. At each iteration, new 

nodal heads are found by solving the matrix (Equation 

4) 
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𝑨𝑯 = 𝑭                  …                 (4) 

Where: A = N x N Jacobian matrix, H = Nx1 vector of 

unknown nodal heads, and F = Nx1 vector of right hand 

side terms.  

 

After new heads are computed by solving Equation 4, 

new flows are found using Equation 5: 

𝑄𝑖𝑗 = 𝑄𝑖𝑗 − (𝑦𝑖𝑗 − 𝑝𝑖𝑗(𝐻𝑖 − 𝐻𝑗))      …      (5) 

 

Where: 𝑦𝑖𝑗 and 𝑝𝑖𝑗  are flow correction factor and 

inverse derivative of the headloss in the link between 

nodes i and j respectively. 

 

2. MATERIALS AND METHODS 

 

2.1 The Study Area 

Bauchi Metropolis is the capital of Bauchi State, Nigeria 

and is located at latitude 10°04′N and longitude 

09°09′E. It lies within the tropical zone with marked wet 

and dry season. It occupies an area of 36.04 km
2 

(Bogoro and Babanyara, 2011), has population of 

230,328 and 421,187 according to 1991 and 2006 

census respectively. The study area is the Urban Bauchi 

that started from Wunti Dada sub settlement in the south 

to Inkil sub settlement in the east and from Yalwa sub 

settlement in the west to Gubi sub settlement in the 

north.  

 

2.2 Data Collection 

In order to carry out the research work, the following 

data were collected: 

i. Population Data from National Population 

Commission (NPC), Bauchi. (1991 and 2006 census 

figures). 

ii. Water supply records from Bauchi State Water 

Board. 

iii. General layout map of Bauchi Metropolis pipe 

network from Bauchi State Water Board. 

iv. Elevations of various points in the networkusing 

Google Earth. 

2.3 Population Projection 

The previous population figures for the metropolis were 

obtained from NPC, Bauchi, from which the present 

population (2015) and future population projection 

(2035) were obtained. The 20 year design population 

was forecasted using the arithmetic growth method. The 

population was projected using Equation 6 as follows: 

 

𝑃𝑡 = 𝑃𝑜 + 𝐾𝑎𝑡                …                                    (6) 

 

Where: Pt is projected population after some time t, P0 is 

initial population and Ka is an arithmetic growth 

constant. 

 

The population of Bauchi metropolis according to 1991 

and 2006 census figures was 230,328 and 421,187 

respectively (NPC, 2015). Ka was found to be 12,724 

and the current (2015) population was obtained as 

535,702. The future (2035) projection was determined 

to be 790,181.   

2.4 Water Demand Estimation 

According to Bauchi Water Sanitation and Hygiene 

Policy (2012); 80 litres can be considered as the per 
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capita daily demand for Bauchi. The total daily water 

demand was evaluated by multiplying consumption rate 

per head per day with the estimated population. Table 1 

shows the water demand estimation at ten years interval 

from 2015 to 2035. 

Table 1: Population and water demand forecast of Bauchi Metropolis 

 

Year 2006 2015 2025 2035 

Population 421,187 535,702 662,942 790,181 

Water Demand (Litres/day) - 42,856,160 53,035,360 63,214,480 

 

2.5 Estimations of Nodal Demand 

In order to obtain the nodal demand, the population 

demand, fire demand, minor losses and unaccounted for 

water (UFW) were considered based on 

recommendations of Adeniran and Oyelowo (2013) and 

Bauchi State Water Board (2014). Table 2 shows the 

computations for the present (2015) and proposed future 

(2035) states.  

 

 

Table 2:  Nodal drawn off 

 

Year Daily 

Demand 

(L/d) 

Daily 

Demand 

(L/s) 

Fire 

Demand 

10% (L/s) 

Minor 

losses 5% 

(L/s) 

UFW 

30% (L/s) 

Total nodal 

drawn off 

(L/s) 

Nodal 

drawn-off 

(L/s) 

2015 42,856,160 496.02 49.60 24.80 148.51 718.83 9.98 

2035 63,214,480 731.65 73.16 36.58 219.50 1,060.89 13.60 

 

2.6 Network Parameters Assignment 

After drawing the network in the EPANET platform, the 

parameters were assigned. These include: pipe lengths, 

pipe diameters, roughness coefficients and nodal 

elevations.The data for the  

current and future demands were assigned to the nodes 

and the network was analysed. The analysis include the 

determination of pressure head at various nodes, flow in 

each pipe as well as head loss in each pipe. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Nodal Pressure Head Simulation for Current 

Situation 

Currently, Bauchi State water distribution system 

produces a total of 451.76 L/s as against the total 

demand of718.83 L/s. This shows a short fall of about 

37.15% (Bauchi State Water Board, 2014). The water 

supply in Bauchi is being rationed and most parts of 

Bauchi receive water for only 4 hours per day. This 

duration of water supply is not sufficient for any urban 

settlement and therefore the existing system is not 

adequate. The network was analysed for the present 

situation of 451.75 L/s and the proposed future design 



  ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.2, AUGUST, 2017 

 

112 
 

of 1061 L/s. The result is presented in the subsequent 

sections.  

The result of pressure head in meter for 72 nodes in the 

distribution system for an extended period simulation of 

4 hour is as shown in Figure 1. The results show that for 

the 4 hour simulation, 2 nodes, located at Gombe Road 

Gate, have a pressure heads ranging from 0 to 14 m; 16 

nodes, located at Abubakar Tafawa Balewa Housing 

Estate, Tashan Babaye, Ran Gate and Gwallameji, have 

pressure head ranging from 17 to 30 m; 53 nodes, 

mostly located at Fadaman Mada, have pressure head 

ranging from 31 to 80 m; while one node, located at 

Gubi, has a pressure head of 122.48 m. The 

recommended minimum residual pressure for pipe 

network system varies from one country to another. 

According to Bhardwaj (2001), the recommended 

minimum pressure heads vary between 25 m and 28 m 

and maximum pressure heads vary between 70 m and 84 

m. A lower value may be more economical since the 

distribution cost will be reduced as excess residual 

pressure head could lead to pipe busting. However, 

situation that may give rise to negative pressure should 

always be avoided, because faecal organisms and 

pathogens may be present adjacent to a pipeline which 

can be drawn in to the pipe during negative pressure, 

and this may lead to intrusion of water borne diseases 

(LeChavallier, 2003). Generally, Pressure head of less 

than 14m is insufficient since the value fall below the 

minimum pressure requirement of some appliances 

(Jacobs and Strinjdom, 2009). Therefore, AWWA 

(2001) recommends a pressure head value ranging from 

15 to 70 m. 

 

Figure 1: Result of pressure head at nodes using 4 hour simulations 

 

3.2 Nodal Pressure Head Simulation for 

Proposed Design 

In the proposed future design, a new reservoir is 

introduced, the network was expanded to have 78 nodes 

and the result of nodal pressure head, using an extended 

period simulation of 12 hours, is shown in Figure 2. 

Twelve hours of continuous water supply in Bauchi is 

an improvement from the present condition and is a step 
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forward towards achieving the ultimate goal of 24 hour 

water supply. Results indicate that only 10 nodes have 

pressure head of less than 25 m while the remaining 68 

nodes have pressure head above 25 m. This is a good 

value as it falls within the accepted recommended 

minimum values (Bhardwaj, 2011). 

 

Figure 2: Designed future pressure head at 12 hour simulation 

 

4. CONCLUSIONS 

 

In this study, the analysis of pressure head of Bauchi 

Metropolis water distribution network system has been 

carried out using EPANET 2.0. The current situation of 

water supply and distribution in Bauchi metropolis was 

appraised and analysed.The result of the analysis 

indicate that the system can supply water in adequate 

pressure head for only 4 hours.Based on the above, it 

can be concluded that thecurrent distribution system is 

not adequate. Therefore, the distribution system should 

be re-designed to meet the current and future demands 

of 726 L/s and 1,072 L/s, respectively. There is need for 

additional overhead tank to boost the capacity of the 

reservoir at Game Village to supply the south lower 

zone, expansion of the existing treatment plant 

andconstruction of 1000 mm diameters pipeline from 

the treatment plan to another tank to be sited at 

Mechanic Village Hill along Wunti-Dada Road. This 

can ensure adequate supply of water to the affected 

areas as they are fast growing. 
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