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Abstract - In many urban and semi-urban areas of 

Nigeria, the failure of municipal water services has 

necessitated the adoption of private groundwater 

extraction as a primary water source. This study 

presents a comprehensive design for a borehole-

based water supply and distribution system for a 

four-story residential block of ten flats located at 9th 

Mile, Enugu. The 9th Mile area is geologically 

significant due to the high-yield Ajali Sandstone 

aquifer, which serves as a critical water hub for the 

region. The research methodology integrates 

geophysical site investigation, hydraulic demand 

estimation, and pump selection criteria. Design 

calculations were performed based on a maximum 

occupancy of 80 persons, determining a daily 

domestic demand of 5,600 liters, supplemented by 

fire safety storage. The study recommends the 

installation of a multi-stage submersible pump and a 

dual-tank storage system (ground and overhead) to 

ensure consistent pressure and reliability. The 

findings provide a technical template for sustainable 

private water infrastructure in regions with similar 

hydrogeological and administrative challenges. 
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I. Introduction 
Access to potable water is a fundamental 

human right and a prerequisite for urban 

development. In Enugu State, Nigeria, the public 

water utility, Enugu State Water Corporation 

(ENSWC), has historically struggled to meet the 

demands of a rapidly growing population. Water is 

as essential for life as food and air. Water is also an 

important requirement for many industries. The 

supply of suitable quantities of good water is a 

fundamental service in a community and requires 

major financial and engineering investments in 

systems for the collection, storage, treatment and 

distribution of the water.  

Adequate supply of water to community 

has been a problem for centuries and remains so till 

the present time. Even in developed nations like 

United States of America, public issues concerning 

water are known to have erupted sporadically at the 

local, state and National level for about two 

centuries while the problem of wise allocation is 

still very serious. The situation of water supply is 

worse in Nigeria and in other developing countries 

due to several factors. Ohwo (2012) opined that 

such shortages can lead to serious economic 

disruptions and human suffering. 

The United Nations Considers universal 

access to clean water a basic human right, and an 

essential step towards improving living standards of 

people worldwide. Communities that suffer poor 

supply of water are typically economically poor as 

well, with their residents trapped in an ongoing 

cycle of poverty. Economic opportunities are 

routinely lost to the time-consuming processes of 

acquiring water where it is not readily available. 

Water is obviously essential for hydration and for 

food production. The state of drinking water 

supplies can be quantified by four essential 

characteristics of quality, quantity, reliability and 

cost. 

As population grows by day, the challenge 

to meet user demands of water also increases. At the 

pivot of this crisis are women and children who are 

saddled with the responsibility of sourcing water for 

daily domestic uses. This situation have contributed 

to child poverty and resulted to child abuse. This 

exercise is usually a morning and evening routine. 

Majority of these children who are in primary and 

secondary schools sacrifice their private study time 

in order to source water for domestic uses. 
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Plate 1: Water hauling from shallow well 

 

There is perennial shortage of water supply 

and distribution in Enugu that hampers the 

development of economic activities within the city. 

The inhabitants of Enugu ab-initio relied more on 

use of rivers and streams as a source of water. The 

sordid state of water supply in Enugu started with 

the development of the town. In early days, the Aria 

layout, the colliery layout (Udi Siding), and Hill top 

that formed the starting point of Enugu, had a water 

reservoir of about five(5) million capacity. The 

reservoir that is the Iva valley scheme serve the 

growing population until new scheme started 

developing. A critical examination on historical 

development of Enugu municipality will reveal 

clearly that the water supply development is not 

commensurate to the population growth. The 

shortage of water has been a very big problem to the 

residents of Enugu metropolis. The Enugu 

municipal has been characterized by recurring water 

scarcity. Some areas have water occasionally while 

some are totally out of the water supply and 

distribution scheme. For instance, some areas and 

layout at Awkunanaw, Maryland, New GRA, Trans 

Ekulu, Abakpa Nike and Emene are yet to be 

included in the water supply that are equipped with 

water distribution facilities.  

 

  
Figure 1: Sample of map showing part of existing water distribution network 

Source: Enugu State Water Corporation  
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Sequel to this development, inhabitant of 

these areas have resorted to well water, water 

tankers, open streams, rainwater and spring water. 

Chukwurah (2018) investigated that there 

is no running tap waters in most of the buildings in 

Enugu. The consequence is that toilets get filled up 

with undisputed human wastes, creating critical 

health hazards for the population. This portends 

serious threat to dangers of epidemics from singular 

situation if not checked. Most of the existing water 

distribution taps are not operational for several 

months. A tank water sourced from ninth mile of 

about 2000litres sells at a cost of N3000 (three 

thousand Naira) are purchased by household once in 

one or two weeks depending on the family or 

household size. People who cannot afford it travel to 

any available stream around to fetch water for 

cooking and drinking. Besides, as one walks around 

the city, one regular scene early morning or evening 

is the long queue around private dug water wells, 

plastic and metallic tanks sourcing for water. Lots of 

time are spent to get water including the risk 

involved in crossing road with busy traffic.  

 

 
Plate 2: A sample of drinking water supplying vehicle 

 

Water scarcity is experienced everywhere 

in the city. It will be a surprise to note that most 

academic institutions and the Enugu State Water 

Corporation Charged with responsibility of 

providing water to the populace water to the 

population have water tankers they used in 

supplying water to their various facilities and 

individual homes. In most homes where there is 

water supply, there is no proper design of water 

distribution network to serve the upper floors of 

such buildings.  

This government Agency (Enugu State 

Water Corporation)ENSWC in charge of water 

supply and distribution have their existing water 

schemes at Ajalli River and Oji River outside Enugu 

to supply water to inhabitants in Enugu and its 

environs. These water schemes operates minimally 

or below their installed capacity due to 

administrative bottlenecks and lack of technical 

expertise to manage the water scheme effectively. 
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Plate 3: Damaged pipes line at Ezeagu axis supplying water to Enugu State 

 

Hence, in the light of these problems, this 

study is aimed at designing a water supply and 

distribution network to serve a block of ten flats 

with four (4) upper floors at Ninth(9th) mile area of 

Enugu using borehole water and water reservoir or 

storage tanks for overhead and ground storage.For 

multi-story residential buildings, the challenge is 

twofold: sourcing adequate water and ensuring its 

distribution to upper floors with sufficient pressure. 

This article details the design of an autonomous 

water system for a block of ten flats (four upper 

floors) at 9th Mile. By leveraging the local aquifer 

and implementing modern hydraulic design 

principles, the study aims to provide a reliable, cost-

effective, and safe water solution that bypasses the 

inefficiencies of the municipal grid. 

 

1.1 Anatomy of a Water System 

Mbaoma (2019) opined that the purpose of 

municipal water delivery systems is to transport 

potable water from a water treatment facility to 

residential consumers, for use as drinking water, 

water for cooking, water for sanitary conditions, and 

other water use in a domestic environment. Water 

supply also is essential for business and industry to 

operate in a municipal environment. Of no less 

importance is the need to supply water to properly 

located fire hydrants to provide the public with an 

effective level of fire protection. Municipal water 

systems also may need to provide water for special 

services that include street cleaning, the selling of 

water to contractors for erecting buildings, parks 

and recreation, and miscellaneous uses.A water 

system has two primary requirements: First, it needs 

to deliver adequate amounts of water to meet 

consumer consumption requirements plus needed 

fire flow requirements.Second, die water system 

needs to be reliable; the required amount of water 

needs to be available 24 hours a day, 365 days a 

year. 

Anatomy may be defined as "separating or 

dividing a Junction into parts for detailed 

examination." (1) A water supply system is 

analogous to the human circulatory system. The 

heart pumps blood through the arteries, veins, and 

capillaries to supply oxygen to all part of the body. 

A water pump supplies water through primary, 

secondary, and distributor water mains to supply 

water to consumers and for fire protection. 

The functional component of the water 

system is examined by tracking the water from the 

sources that feed the municipal water system to the 

water tap. The term tap is used in a generic sense to 

mean any reference point on the water distribution 

piping where a connection or tap is made to supply a 

lateral pipe to a domestic connection, a commercial 

connection, or a lateral line to a fire hydrant. 

Hickey (2011) stated that Washington, DC, 

has a very old water system that has been updated in 

many ways. It serves as an excellent example of a 

basic municipal water supply system.  

He continued that every municipal water 

system has to have a water supply source that is 

both adequate and reliable for the city to be served. 

The primary water source of water for Washington, 

DC, is the Potomac River. With minor exceptions 

due to ice jams and flooding, this water supply has 

been reliable since before the Civil War. Water is 

fed to the city from intakes at Great Falls and Little 

Falls both by a gravity aqueduct and by a more 

modem pumping station. The aqueduct water serves 

residents of the District of Columbia, Arlington 

County, Virginia, and Falls Church, Virginia. 

Figure 1 shows a progressive view of the 

water system. Two holding reservoirs supply water 

to a treatment plant that processes the water to 

remove impurities and adds chemicals to bring the 

water into compliance with the Environmental 

Protection Agency (EPA) regulations on clean water 

for drinking and commercial cooking. The actual 

water treatment process is discussed. The purified 
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water, or finished water, then is pumped to several 

different storage tanks and storage basins around the 

city for release into the distribution system piping 

network on demand for consumer use or in the case 

of a working fire. Depending on the different 

elevations points throughout the city, additional 

pumping stations are provided to maintain adequate 

pressure in the water system during varying periods 

of consumer use or emergency water supply demand 

requirements. Water flows from thestorage locations 

through the primary, secondary, and distributor 

mains to supply service lines to individual water 

consumers and lateral lines to supply fire hydrants. 

 

 
Figure 2: Progressive view of Water Distribution System 

 

This simplified illustration tracks raw water 

that originated at the Potomac River through the 

treatment plant, the storage of water, and the 

movement of water through different sizes of water 

mains to service outlets throughout the city to 

supply consumer demands. At the same time, water 

in the street mains is maintained at adequate 

pressure to supply fire department pumpers that may 

need to take water from fire hydrant to suppress 

structural fires and handle other emergency 

situations. 

There are two specific steps associated with 

the treatment plant for the city of Washington, DC, 

and fit into the treatment facility portion of While 

this, is a generally acceptable method of purifying 

water, it should be recognized that every water 

supply has its own specific requirements for 

establishing portability. 

Step 1: Screening -Water passes through a series of 

screens designed to remove debris such as twigs, 

leaves, paper, stones, and other foreign matter. 

Screens are frequency removed for cleaning or are 

back-washed from high-pressure pumps to prevent 

clogging. 

Step 2: Pre-sedimentation - While the water moves 

slowly through each reservoir, much of the sand and 

silt settles to the bottom. Treatment lines and basins 

are shut down periodically during times of minimum 

domestic consumption for cleaning. This applies to 

the portions of the physical plant described in Steps 

2 through 8. 

Step 3: Coagulation - A coagulant, aluminum 

sulfate, is added to the water as it flows to 

sedimentation basins. 

Coagulants aid in the removal of suspended particles 

in the water by causing them to consolidate and 

settle. 

Step 4: Flocculation - The water is gently stirred 

with large paddles to distribute the coagulant. This 

takes approximately 25 minutes. 

Step 5: Sedimentation -The water flows into 

sedimentation basins where particles settle to the 

bottom. After about 4 hours, roughly 85 percent of 

the suspended material settles out. 

Step 6: Filtration -Water at the top of the basins 

flow to large gravity filters, traveling throughfrom 

the water. 

Step 7:Disinfection -This may be accomplished by 

these methods: 

− Chlorine is added to kill bacteria and viruses. 

− Ammonia also is added. 

− The chlorine and ammonia combine to form 

chloramines compounds. 

Step 8: Additives - Depending on the quality of the 

water at this point, the following additives may be 

injected into the water stream/to accomplish the 

stated benefits: 

− Fluoride is added to reduce tooth decay. 

− Calcium hydroxide is added to reduce 

corrosion in die pipes and equipment of the 

distribution system. 

 

1.2 Continuous Availability of Water Supply 
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A municipal water supply system cannot service its 

customers unless there is a continuous supply of 

water to meet domestic consumption needs in the 

broadest sense and water needs for structural fire 

protection. Water sources need to be selected 

carefully to make sure that this fundamental 

requirement is met. Two main factors that affect 

water supply selection are 

i). Quality of water: Water must be treated or 

purified to meet Regulatory Requirements 

established by the EPA (United States Government). 

The requirements are divided into 2 categories: 

a. Residential communities with populations not 

exceeding 3,000; and 

b. Combined residential and commercial 

communities that serve a population demand 

over 3,000. 

ii). Quantity of water: The quantity of water must 

be adequate to meet consumer consumption and 

fire-flow demands at any time of the day, day of 

week, and week of the year. Maintaining a 

continuous or uninterrupted supply of water for 

municipal demands is a major challenge to many 

municipalities because of the following conditions: 

• droughts; 

• growing demands that cannot be met by the 

treatment plant; 

• lack of adequate storage capacity; 

• other communities drawing water from the 

same supply sources such as a lake or a 

river; 

• a major commercial fire or wild land/urban 

interface fire that exhausts the water 

supply; and 6 undetected underground 

leakage on the pipe distribution system. 

A municipality must recognize that the quantity of 

available water needs to be such that maximum 

daily consumption demands are satisfied at all 

times, even during periods of drought or after years 

of community growth. The water delivery system 

needs to expand as the municipality expands. 

 

 

 

 

1.3 Design Considerations 

In the design and construction of 

community water systems, economics are extremely 

important. This dictates that the source of supply 

should be selected so that little maintenance for the 

operational factors will be required to furnish an 

adequate supply of water to the community. Even 

though surface water supplies such as lakes and 

rivers, with proper treatments, are by far the more 

suitable from the standpoint of adequacy, the use of 

surface water supply systems is confined to 

municipalities that have a water demand in excess of 

75,000 gallons per day domestic consumption to be 

economically feasible. This translates to a 

community of about 300 residents with 12 

commercial establishments, but with no 

manufacturing, and the ability to supply a fire flow 

of 500 gallons per minute (gpm) for 2 hours. This 

also means that ground water sources are suitable 

only for quite small communities typically found in 

more rural areas of the country. 

There is an important exception to the 

above conclusions that ground water sources 

typically are limited to the very small communities. 

This assumes that a well site or a few well sites use 

well pumps to supply water directly into the 

distribution system after water treatment. Ground 

water sources can be used to pump water directly 

into holding basins, small reservoirs, ground-level 

storage tanks, or even elevated storage tanks where 

the amount of treated water in storage governs both 

the population served and the available water supply 

for fire protection. 

 

II. Methodology 
The public water supply project is 

performing low serving below average of the 

inhabitants of Enugu metropolis. The percentage of 

coverage is less than thirty (30) percent and is not 

efficient. So the residents of Enugu urban rely on 

the alternative supply from 9th Mile area of Enugu 

State for survival. Hence, the most economical 

source of water supply in the area is to sink a 

borehole. 
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Figure 3: Map of Enugu state with Enugu metropolis (Enugu North, Enugu South and Enugu East Local 

Government Area verged in red colour 

Source: Administrative Map of Nigeria from Wikipedia Image, (2021) 

 

The design process followed a structured 

engineering approach: 

• Site Investigation and Geophysics: 

Analysis of the 9th Mile terrain, 

characterized by the Ajali Sandstone 

formation. Vertical Electrical Sounding 

(VES) data was reviewed to determine the 

optimal drilling depth and aquifer 

thickness. 
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• Demand Estimation: Water demand was 

calculated based on Nigerian National 

Water Standards and empirical data for 

residential occupancy. 

o Occupancy: 10 flats × 8 

persons/flat = 80 persons. 

o Per Capita Demand: 70 

liters/person/day for domestic use. 

• Hydraulic Design: Determination of total 

dynamic head (TDH), pipe sizing, and 

storage requirements. 

• Pump Selection: Evaluation of various 

pump types (centrifugal, reciprocating, 

submersible) based on efficiency, 

maintenance, and lift requirements. 

• Storage Configuration: Design of a dual-

tank system to balance peak demand and 

provide emergency fire storage. 

 

 

III. Results 
Estimating storage capacity  

Water storage capacity for a building will depend on  

i. Hours of supply  

ii. Rate of supply governed by the pressure in 

the mains 

iii. Demand pattern in the given building; and  

iv. Fire storage required two types of water 

storage required are Overhead storage; and 

Underground storage however, for the purpose of 

this design and peculiarity of the area  some ground 

tank reservoir were recommended.  

 

Design criteria for estimating water storage 

capacity  

1. Water storage required for flushing 

purposes for such residential premises - 270 litres 

for one WC seat, and 180litres for each additional 

seat in the same flat. 

2. Storage required for Domestic uses of 

dwelling units is 70 litres per unit resident. 

3. Domestic overhead storage tanks placed on 

top of the building should be properly  

located as to safely transmit their loads to the beams 

and columns (or to the walls) in the building. Three 

type of tanks are usually being used Reinforced 

cement concrete (R.C.C) tanks, Galvanized iron 

(G.I) tanks, High density polyethylene (HDPE) 

plastic  tanks 

For the purpose of this design HDPE tanks was 

selected and expected to meet the following 

requirements for domestic water storage tanks. 

i. Should   be water provided with a 

vent pipe for ventilation as well as 

for prevention of  negative 

pressures. 

ii. Should have an overflow pipe to 

act as “warming pipe” to indicate 

overflow of water in the tanks. 

iii. Should have a scour pipe with a 

plug at the bottom so that it can 

emptied easily.  

iv. No overflow or scour, is directly 

connected to any drain, gully trap 

or sewer. 

v. Vents and overflows must be 

protected by a suitable guage or 

gratings to prevent entry of 

mosquitoes and insects. Top slab 

cover should be sloped  away 

for proper drainage and to prevent 

stagnation of water on top. 

To ensure reliability during power outages or pump 

maintenance, a 24-hour reserve is recommended. 

• Ground Reservoir: 10,000 Liters (acting as 

a primary buffer). 

• Overhead Tanks: 5,000 Liters (distributed 

across HDPE tanks on the roof to provide 

gravity-fed pressure to all floors). 

 

Design consideration for water piping system  

The water pipe network was designed as to be able 

to supply adequate quantity of water to all the floors 

of the building and with adequate pressure even in 

the remotest fixture. 

The following factors was also considered in the 

design  

a. Water demand for the building-estimated 

per devilling 

b. Required flows for various water supply 

fixture and probable simultaneous demand. 0.15 -0.3 

litres/sec. 

c. Principles of distribution and design 

methods. 

For this design let us assume the following fixture 

loads of various fixtures as indicated below. 

Fixture  fixture units (Fii) 

Water closet (WC)  =  1 

Wash basin (WB)   = 1 

Bath taps with showers (B) =          4 

Kitchen sink   = 2 

Total for each flat   = 8 

The maximum flow rate among the above 

mentioned fixtures pertain to bath taps with shower. 

Let it be 0.20L/s (e between 0.2 to 0.3l/s) 

:. Gross demand of the building  

= 2flats on each floor x No of floors x 0.2l/s 

= 2 x 5 x 0.2 = 2.0 litres/sec. 
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Other assumptions for the design of water supply for 

four (4) upper floors of the residential block of ten 

flats.  

1. Water supply is being provided in the 

building through overhead tanks installed on the  

terrace at 1.0m high. 

2. The height of each storey is 3.0m and water 

taps are installed at 1.0m weight at  

each floor. 

3. One down take pipe from the tank is 

serving two flats on each floor. 

4. Each flat is provided with the following 

water supply fixtures at mentioned distance from the 

down take. 

(a) Water closet (WC) – flushing tank at 7.5m 

(b) Wash Hand Basin (WHB) at 6.0m 

(c) Bath taps with shower at 4.5m 

(d) Kitchen sink at 1.5m 

5. Suitable valves of fixture units and 

discharge rates for the fixture were assumed. 

6. Assume a family of four(4) children + 

parents + one house keeper + one guest. 

 Total family size per flat = 4 + 2 + 1 + 1 = 

8 persons per flat. 

7. In the architecture working drawing 

attached for the proposed building, each flats (or 

apartment) contains two (2) no. water closet. 2no 

bath tub, 2no wash hand basin  

(WHB), one (1) no kitchen sink. 

a. Water storage required for flushing 

purposes = 270 + 180 x 10flats = 4500litres/day 

b. Storage required for domestic uses at 70 

litres per unit resident x 8 persons  

 i.e. 70 x 8 x 10flats = 5600litres per day. 

8. The living standards do require average per 

capita daily demand of 160litres per day  

per person (160 l/d/p). 

 

Other design calculation 

Average daily water requirement  

= Average daily capita demand x population  

= 160 x 5floors x 2flats x 8persons = 

12800liters = 12.8m3 

Since there is no direct supply from the municipal 

supply and the borehole water is to use for domestic 

as well as flushing purpose, separate storage for 

domestic and flushing purposes are not required. 

The overhead tanks supply is proposed and installed 

at the terrace of the building. 

However, the pumps to life water to the overhead 

tank shall be attached to borehole that lifts the water 

to the overhead tanks by pumping. 

The total daily water requirement (Qtotal) is the sum 

of domestic demand and fire safety reserves. 

• Domestic Demand: 80 persons X 70 L/day 

= 5,600 Liters/day 

• Flushing Requirement: 270L for the first 

WC seat per flat + 180L for additional 

seats. 

• Total Estimated Daily Demand: 

Approximately 8,000 - 10,000 Liters to 

account for losses and peak usage. 

 

Capacity of overhead tank/ground tank 

The pattern of consumption may change with 

seasons and a good deal of accuracy in calculating 

the tank size is, therefore, not required.    

- Fire demand was considered in 

consideration of the required storage capacity for the 

building.  

- 2/5 of the estimated storage is at overhead 

tanks while 3/5 of the total  storage is 

installed as ground tanks to reduce weight of the 

storage tank on the building structure. 

Let us provide 2000litres circular high density 

polyethylene (HDPE) or fibre glass  reinforced 

plastic (FRP) tanks in four(4) numbers which will 

provide 8000 litres and additional three(3) numbers 

x 4000litres ie 12,000litres capacity (HDPE or FRP) 

tanks for ground storage.  

 The total storage (overhead + ground) = 

8000 + 12000 

  = 20,000litres or 20,0m8. 

This will take care of average daily water 

requirement of 12,800 litres = 12.8m3 as calculated 

above. The overhead tank should have a float bob 

installed inside to control the inflow of water to 

prevent overflowing. 

The water storage reservoir on the ground level can 

be pumped when there is shortage at the overhead 

water reservoir.   

 

Size of rising main 

Average daily water requirement to be pumped = 

12, 800 litres 

Pumping hours allowing power failures = 2hrs  

(Assumed pumping 1hr in the morning and evening 

each) 

:. Pumping rate = 12800/hr. = 6400L/H 

  2  

    6400         =      1.78litres/sec. 

  60 x 60 

 

Now assume that the length of rising main from the 

ground tank to the overhead tank is measured from 

the building plan = 17.20m 

Let us use 50mm diameter rising main.  

Let the equivalent length of all the pipe fittings like 

elbows, gate valve, etc. (fellows x 3m + 1gate 

valves x 4m) 

  =  4 x 3 + 1 x 4 = 16m 

Total pipe length causing head loss 
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  = 17.2 + 16 = 33.2m 

Let use 40mm dia pipe for the rising main to carry 

1.78litres/sec. 

The velocity in the pipe shall be =       1.78_______       

=   1.42m/s 

     1000 x 

++/4 (0.04)2 

 

Now, Head loss (HL/m) = 32.857 (Q in c/s)1.85 

    (d in cm)4.87  

=   32.875 x (1.78)1.85 

  (4)4.87 

 

=    32.875 x 2.9059 = 0.1117M/m 

 855.1300 

Total head loss is 33.2m length of pipe = 0.1117 x 

33.2m = 3.7m 

Note; use of smaller sized rising main will increase 

the velocity and head loss, causing water hammer 

noises, and additional burden on pump. 

 

Design of pump capacity 

Rate of pumping = 1.78l/s  

Suction head = 0.45m (depth from ground tank) 

static head = 18m (assuming the O.H tank to be 

placed on a roof with its water level (w.l) 2m above 

roof level, which is 16m above the ground level). 

Friction loss = 3.7m (calculated) 

Minimum residual head required at inlet = 3m 

(assumed) 

Total delivery head = 0.45 + 18 + 3.7 + 3 = 25.15m 

H.P of pump = C.Q.H.    

Assume 7 – efficiency of pump and motor or = 0.6 

  0.735.nrw = 9.81 KN/M3 

   Q = 1.78 I/8 = 1.78 M3/5; 

H =25.15m 

H.P. = 
9.81 𝑋

1.18

1000

0.735 𝑋 0.6
𝑋 25.15  =

0.4392

0.441
= 0.995 = 1.0m 

say 1.5 H.P. 

In order for the pump to serve the dual purpose of 

drawing water from the borehole and pumping to 

ground and overhead tanks, let us use 1.5 H.P. 

centrifugal (submersible) pump set. 

 

IV. Discussions 
The 9th Mile area sits atop the Ajali 

Sandstone, a prolific aquifer in the Anambra Basin. 

Unlike the shale-dominated areas of Enugu Urban 

where boreholes frequently fail, 9th Mile allows for 

high-yield boreholes suitable for industrial and 

multi-unit residential use, naturally filtered through 

sandstone layers, the water typically requires 

minimal treatment (mainly disinfection) compared 

to surface sources. The aquifer is recharged by 

significant annual rainfall, though increasing 

abstraction rates necessitate careful management. To 

maintain adequate pressure on the 4th floor while 

preventing excessive pressure on the ground floor, 

the design incorporates: 

• Gravity Feed: Water is pumped from the 

borehole to the overhead tanks, from which it 

descends to the flats. 

• Pipe Sizing: Use of graduated pipe diameters 

(e.g., 50mm mains reducing to 25mm and 

15mm branches) to balance flow. 

• Materials: High-Density Polyethylene (HDPE) 

and uPVC pipes are recommended for their 

corrosion resistance and durability in the 

Nigerian climate. 

 

V. Conclusion and Recommendations 
The design of a private borehole system for 

the 9th Mile residential block demonstrates that 

localized water solutions are not only feasible but 

superior in reliability to current municipal offerings. 

By utilizing the high-yield Ajali aquifer and a robust 

dual-storage hydraulic system, the residents can be 

guaranteed a 24/7 supply of potable water. 

However, the long-term success of such systems 

depends on regular maintenance of the submersible 

pumps and periodic water quality testing to ensure 

the continued safety of the supply. 

Although 9th Mile water is generally high 

quality, an inline UV sterilizer or chlorination unit 

should be installed to prevent bacterial regrowth in 

storage tanks. Implementing a quarterly inspection 

of the submersible pump and cleaning of storage 

tanks every six months as part of the maintenance 

process greatly improves the efficiency of the 

equipment and water quality. Given the instability 

of the national grid, a dedicated solar inverter 

system or a standby generator is essential for 

consistent pumping. Ensuring the borehole is 

registered with the Enugu State Ministry of Water 

Resources to support regional groundwater 

monitoring efforts. 
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