SPATIAL VARIATION IN BOREHOLE DEPTH AND DRILLING COST IN BENIN
METROPOLIS

Agheyisi, E. Justin

Abstract

Private owned boreholes are fast becoming ubiquitous in Benin metropolis and borehole
drilling is a booming business in the city. Private borehole ownership in the metropolis is
made possible by a simple drilling technology which involves rotating an earth auger into
the ground until the aquifer is reached. This method of manual drilling of boreholes is faster
and cheaper compared to mechanical drilling. Government's neglect of urban water
facilities coupled with population growth and rapid expansion of the city mean a high
demand for privately owned boreholes in the city. However, variation exists in the cost
of drilling boreholes from one area to another within the metropolis. This paper therefore,
investigated the factors responsible for the spatial variation. Using question schedule, five
teams of manual boreholes drillers located in different parts of the metropolis with many
years of drilling experiences in the city were interviewed. The result of the regression
analysis of the data collected reveals a strong and positive correlation of 0.730 between
borehole depth and drilling cost which implies that spatial variation in borehole depth is the
main cause of the variation in drilling cost.

Introduction

The late 1990s saw a breakthrough in sustainable water supply in Benin City through private sector
participation in the provision of water supply. This was made possible by the realization that government alone can no
longer supply water for the entire population of the city. The introduction of a simple drilling method whereby holes
are manually bored by rotating an earth auger into the ground until the aquifer is reached by borehole drillers
facilitated this realization. Those of high income bracket first started this private water supply as a business
undertaking. Later, the new innovation spread and has proliferated to the extent that practically every street in the
city, especially in the suburbs, has at least a privately owned borehole.

As a way of addressing the problem of water supply, Ayoade (1988), suggested that groundwater
resources, where they exist, should be more extensively or intensively exploited to cushion the effects of water
shortages. This is because ground water, unlike rain and surface water, is more reliable and safer in terms of
pollution. He was of the view that, the probable solution to the problem of water supply will lie in the people
contributing more in cash and kind towards improving their water supplies. The people contributing more in cash
means they have to pay more in order to have regular supply of water and contributing in kind means that the people
have to device their own way of getting regular supply of water. The call for private participation in water supply has
become intense in recent years. In 2000, the Federal Government of Nigeria formulated the National Water Supply
and Sanitation Policy. The policy was based on the strategy of integrated water resources management. The central
objective of the policy is the provision of sufficient potable water and adequate sanitation to all Nigerians in an
affordable and sustainable way through public participation (Federal Ministry of Water Resources, 2000a).Earlier
work on private participation in urban water supply in Benin City revealed that private boreholes dominate in water
supply in Benin metropolis (Agheyisi, 2007).Aderogba (2005) reported similar findings in Ogun State. However,
the spatial variation in borehole depth, even in small area, and how this affects cost of borehole drilling have not been
investigated.

Given the geographical location of Benin City as a flat coastal plain and the geology which is of sedimentary
formation and consists of poorly sorted fine to coarse sand grains with occasional clay-lens mixture, it is generally
assumed by the layman that the depth of water table would be the same in the metropolis due to the absence of
appreciable highland or rock formation. It is the geology of the area that made hand drilling (manual drilling) of
boreholes possible. However, drilling

experiences in Benin metropolis have shown that the topography is not as monotonous as one might think and the
depth of water table varies remarkably from one area to another within the metropolis. This paper, therefore,
examines the spatial variation in borehole depth and how this affects the cost of borehole drilling in Benin
metropolis. Interview schedule was used to elicit information from respondents. The target population was teams
of borehole drillers in Benin metropolis with years of drilling experiences. Manual borehole drillers in Benin City
are organized in teams with considerable competition among them. Their common standard of measurement of
borehole depth is usually the unit length of Polyvinyl Chloride (PVC) drilling pipe of 4.2 (metres) long and ranges
from 100mm -150mm diameter. The number of PVC drilling pipes cased into the ground plus the standard .9m
(900mm) long submersible pump gives the total depth of a well. Thus, borehole depth is usually measured in
metres. Their drilling experiences over the years since the technology was introduced into the city have enabled



them to know areas within the metropolis with specific depth to the water table.

The study is exclusively concerned with privately owned boreholes usually sunk in residential
compounds by manual borehole drillers. Bigger wells such as government and community boreholes of 200mm -
300mm diameters and 1.Smetres and above submersible pumps which are usually contracted to water engineering
firms to the tune of millions of Naira are excluded in this study. This study is exclusively concerned with how
borehole depth affects the cost of borehole drilling. Cost of plumbing and plumbing accessories are excluded in the
analysis.

Study Area

Benin City is located in the Mid-Western region of southern Nigeria. It has long served as administrative
capital of Mid-West Region, Bendel State and now Edo State. It is a nodal town, being a gateway to the northern,
southern, eastern and western parts of the country. This has contributed to the rapid growth of the city. The city is
sited on the coastal lowland of south-western Nigeria. The land surface is a flat plain that is only interrupted by
Ikpoba river valley in the north and Ogba river-valley in the south-west of the city. It has a humid tropical climate
with a mean daily temperature of 28°C and a long raining season. Rainfall is usually high and lasts from March to
October. The total precipitation in the city was estimated to be 1,804.7mm in 2005 (Federal Metrological
Department, 2005). These climatic conditions usually favour the development of ground water. High precipitation is
a major source of groundwater recharge in Benin metropolis.

Materials and Method

Five teams of manual borehole drillers whose areas of operation cut across the length and breadth of Benin
metropolis were randomly selected for interview. Six members from each team were randomly interviewed. In all, a
total of 30 respondents were interviewed. The information given by the five teams was compared and there was a
high degree of consistency. Although they did not have borehole drilling log where borehole depth and
corresponding drilling cost are kept, they however, have a vast knowledge of the spatial variation in borehole
depth in Benin metropolis based on their occupational experiences and understanding of the layout of the city. The
information given by the five teams interviewed was analyzed using simple descriptive statistics and inferential
statistics. They include frequency tables and simple linear regression.

Result and Discussion

Table 1, shows the demographic characteristics and years of drilling experiences of the respondents.
The table shows that the respondents are predominantly males between 20 and 40 years of age. No doubt manual
borehole drilling demands physical strength which only able

Table 1: Demographic Characteristics and Years of Drilling Experiences of Respondents,

Sex Age No. of Respondents Percentage (%)
M 20-24 2 6.7
M 25-30 12 40
M 31 -35 6 20
M 36-40 8 26.6
M Above 40 2 6.7
Total 30 100.0

Years of No. of Respondents Percentage (%)

Drilling Experience

M 3-6 3 10

M 7-9 5 16.7

M 10- 12 12 40

M 13-15 8 26.6-

M 16- 18 2 6.7
Total 30 100.0

Source: Author, 2007



Bodied men are capable of doing. Hence, young boys, women and old men are excluded from the job. As
regards years of drilling experience, the table shows that old timers and new entrants are few, constituting only
2.6% and 10% respectively. This is because few people started the business when the new technology was
introduced in the early 1990s. Now that competition is more intense, few young men are joining existing teams
or forming new ones.

Table 2: Estimated Depth of Boreholes and Drilling Cost in Benin Metropolis

Area Water Table Depth of Borehole ( No. of Drilling | Drilling Cost
Deptli (in in metres) Pipe (in Naira)
metres) (4.2 metres) long

each)

Central Benin

(within the moat) 45 59.7 14 150000
Upper Sokponba 45 59.7 14 150000
Egor-Ogida 45 59.7 14 150000
Uwasota-Uwelu 54 76.5 18 200000
Aduwawa-Ohovbe 54 89.1 21 250000
Uselu-Ekosodin-Isihor 54 72.3 17 200000
Oluku 54 80.7 19 220000
Eyaen-ldokpa 75 89.1 21 250000
Iguosa 75 89.1 21 250000
Ikhuen-Niro 75 89.1 21 250000
New Benin- - Okhoro 45 63.9 15 165000
Ugbor-Ekae 36 46.2 11 140000
Oko - Iriri 36 46.2 11 140000
Upper Lawani -Teboga 24 34.5 8 120000
Evbuotubu 45 51.3 12 140000

Source: Fieldwork, 2007

Table 2, shows the depths of ground water table and of boreholes with their corresponding drilling costs in
Benin metropolis. The table shows that the depth of water table ranges from 24metres (80ft) to 75metres (250ft)
within the metropolis. It is lowest within the Ikpoba river valley and highest towards the Ikpoba Hill axis. But on the
average, most parts of the metropolis have a depth of 45metres (150ft).This confirmed the Edo State Urban
Water Board drilling report which states that the average static water level (i.e. minimum depth of confined aquifer
) is 45m (150ft) within Benin metropolis (Edo State Urban Water Board, 2007). However, the table shows that
the depth of borehole into the aquifer varies considerably from place to place. This is shown by depth of borehole
column in the table. Boreholes must be sufficiently deep into the aquifer in order to sustain high pressure required
for the easy and continuous pumping of water to the surface. The table shows that this depth into the aquifer is
usually not less than 15metres (50ft) from the water table for high pumping pressure to be maintained.

Of the 15 areas where data were collected in the metropolis, 5 areas were found to have the same depth of
water table. These areas are Central Benin City (area within the moat), Upper Sokponba-lhinmwinhin quarters,
Egor-Ogida quarters, New Benin - Okhoro quarters and Evbuotubu quarter. The depth of water table in these areas is
45metres (150ft). But borehole depth in these areas slightly varies. While high pressure can be maintained
at63.9metres (213ft) and 51.3metres (171ft) in New Benin - Okhoro and Evbuotubu areas respectively, it is
59.7metres (199ft) in the remaining three areas. Further south of the metropolis, the depth of water table falls to
36metres (120ft) in Ugbor - Ekae and Oko - Iriri quarters. Borehole depth however stood at 46.2metres (154ft) in
order to maintain high pressure.

Four areas were also found to have the same depth of water table. These areas are Uwasota-Uwelu quarters,
Aduwawa - Ohovbe quarters, Uselu - Ekosodin - Isihor and Oluku areas.These four areas have a depth of 54metres
(180ft) to water table. Again, there is variation in the depth of borehole where high pressure can be sustained. In
Uwasota-Uwelu quarters it is usually 76.5metres (255ft). In Aduwawa - Ohovbe areas 89. Imetres (297ft) is usually
maintained. In Uselu - Ekosodin -Isihor areas borehole depth can reach 72.3metres (241ft) while 80.7metres
(269ft) is usually maintained at Oluku. Three areas with a depth of 75metres (250ft) to water table are Eyaen -
Idokpa quarters, Iguosa (communication village) and Ikhuen-Niro. But borehole depth usually reaches
89.Imetres (297ft) in these areas. The influence of Ikpoba river valley can be seen on the shallow depth of water



table in the river valley. Upper Lawani, Ewa road and Tenboga areas on the valley floor and slope have 80ft
(24m) to the water table while borehole depth reaches 34.5metres (115ft).The depth of water table in
Aduwawa-Ohovbe, Ikhuen-Niro and Eyaen-Idokpa areas reflects the plateau-like nature of Ikpoba Hill. kpoba Hill
generally has a higher elevation than the rest of Benin metropolis, south of the Ikpoba River. One would expect to
have a deeper water table as one moves northwards towards Egba town. The rise and fall in the depth of water table
in the west of the metropolis along the Benin-Lagos road axis reflect the undulating nature of the topography in this
axis. Uselu-Isihor areas have a depth of 54metres (180ft) to the water table, Iguosa village has a depth of
75metres (250ft) and Oluku has a depth of 54metre,s (180ft).

Generally, borehole depth in Benin metropolis can be classified into two categories namely; Shallow Well which
ranges from 24-54metres (80ft-180ft) deep and Deep Well 54-90metres (180ft-300ft). This categorization helps
borehole drillers to charge drilling cost. The analysis of table 2, shows a strong correlation between depth of
borehole and drilling cost. The table shows that the deeper the well the higher the drilling cost. This is because the
deeper the well the more drilling materials, labour and days it will take to drill a borehole. The table shows that
wells at Upper Sokponba usually take 14 casing pipes of.4.2metres (14ft) long p.v.c pipes of 125mm or 150mm
diameter each. These 14 casing pipes can be rotated manually into the ground by a team of six hefty men in two
days. The 14 casing pipes including a .9m (900mm) submersible pump give a total depth of 59.7m (199ft). The
drilling cost of such depth is £1150, 000. Wells at Eyaen-lIdokpa area usually take 21 of such pipes which can be
rotated manually into the ground by the same number of men in not less than three days. The 21 pipes including a
standard .9m (900mm) submersible pump give a total depth of 89.Imetres (297ft). The drilling cost of such deep
wells is #250,000. Wells at Ugbor-Ekae area usually take 11 drilling pipes which can be manually rotated into the
ground by the same number of men in just a day. The 11 casing pipes including a .9m (900mm) submersible pump
give a total depth of 46.2metres (154ft). The drilling cost of such shallow wells is usually £4140, 000. Thus, table 2
can represent borehole drilling log in Benin Metropolis. It gives a hint of borehole depth and the corresponding
drilling cost at various locations within the metropolis.
Tables 3(a — c) show the simple regression analysis between borehole depth and drilling cost in Benin

metropolis.

Table 3(a): Model Summary of Simple Linear Regression

R R Square Adjusted R Square Standard Error of the Estimate

0.730 0.533 0.497 0.6265

Source: Author, 2007.

Table 3(b): ANOVA Table of Simple Linear Regression

Model Sum of Squares d.f Mean Square F-test Significance
Regression 5.831 i 5.831 14.854 002
Residual 5.103 13 393

Total 10.933 14 -

Source: Author, 2007.

Table 3(c): Coefficients of Simple Linear Regression.

Unstandardized Coefficients Standardized Coefficients t-test Significance
Beta Standard Error Beta

8.219E-02 458 730 179 .860

174 201 3.854 .002

Source: Author, 2007

Table 3(a), shows the model summary of simple linear regression. The regression summary shows the
correlation coefficient® between the independent variables (borehole depths) and -the dependent variables
(drilling cost). The result shows that R is 0.730 which indicates a strong and positive correlation between
dependent and independent variables. R Square is 53% which indicates that the independent variables accounted
for 53% of the variation in the cost of drilling boreholes in the metropolis. This also implies that other factors other
than depth of boreholes accounted for the remaining 47% of the variation in the cost of drilling boreholes. These



other factors may include the expenses made on drilling materials such as drilling pipes, casing pipes, submersible
pump, drilling chemicals (such as Bentonite, Quick throw, C.M.C and Easy Mud) as well as iron well head. Table
3(b) shows the ANOVA of simple linear regression. The table shows the F-Statistic which helps to test the
significance of the regression model. The F-Statistic is 14.58 at 0.002 level of significance. This implies that the
independent variable (borehole depth) actually accounts for the variation in the cost of borehole drilling in Benin
metropolis. Table 3(c), shows the regression coefficients of the simple linear regression. It shows a correlation
coefficient of 0.730 which is similar to R in the model summary table. The t- test statistic is significant at 0.002.

There might be some topographical or geological factors responsible for the spatial variation in borehole depth in
Benin metropolis. This is open to further detailed investigations. However, the analysis of the data collected for this
study shows that Benin City, although situated on a plain, is not all that monotonous in topography. It is clear from
the analysis that Benin City has a higher elevation at Ikpoba Hill, north of the Ikpoba river, and hence a deeper
borehole depth. The area south of Ikpoba river has a uniform elevation and hence a uniform borehole depth.
However, as one moves further south as the city expands, the borehole depth becomes shallower. The situation
is quite different in the western axis of the city which has a rise and fall in borehole depth due to the
undulating nature of the topography. On the whole, however, the sedimentary rock formation and the general shallow
depth of the water table in Benin metropolis make manual hand drilling of boreholes a reality. There are cases of
well collapse and contamination of borehole water in Benin metropolis. Whether these are caused by manual hand
drilling of boreholes is open to further investigations. However, the low cost and ease of manual drilling of
boreholes have made it a viable alternative to mechanical drilling which no ordinary Nigerian can afford.

Conclusion

Borehole is a capital intensive project. Although competition among manual borehole drillers has
drastically reduced the cost of sinking a borehole in Benin metropolis, it still remains a project that only the rich
can afford. Borehole has even become a symbol of wealth for some. However, profit motive is the driving force for
some private borehole owners. This is made possible by the total neglect of state government in the provision of
potable water for the burgeoning population in the city. So far, location within the city, though influences the
drilling cost of private boreholes, has not affected the demand for private boreholes or the rate at which
boreholes are sunk. Though prospective borehole owners may not be aware that their location affects drilling cost,
the necessity of a private borehole in contemporary Benin city, fierce competition among the teams of borehole
drillers which always lends to bring down drilling cost, the profit, comfort and prestige of owning a private borehole
as well as the rising standard of living of tfre people will always make sinking of private boreholes possible,
attractive and affordable.

Drilling cost, as we have seen from the discussion above, only constitutes one part of the overall cost of
sinking a borehole. The other part that further raises the cost is the plumbing cost. It should be mentioned that what
makes a borehole functional is the plumbing work. The plumbing cost again varies, not spatially, but from one
building type to another. It costs more to connect a storey building than a bungalow. The plumbing cost for a
bungalow is about N15, 000 while that of a single storey building is between N20, 000 - N25, 000. This, again, is
determined by the distance of the well head to the building. Apart from the plumbing cost, there is the cost of other
borehole -accessories such as faucets, p.v.c pipes, overhead storage tanks and scaffold (or hanger) where the tanks
are kept. The costs of these accessories depend on their qualities and individual preferences.

The height of scaffold depends on the height of the building and the scaffold's height in turn determines the
cost. Scaffold for bungalow costs as much as N65, 000 while that of a single storey building costs no less than N |
10, 000. The cost of overhead storage tank depends on the size which ranges from 800 litres which cost about Nil,
500 to 4,000 litres which cost as much as N45, 000, Again, the size of storage tank depends on the purpose for which
the borehole is to serve, either for commercial use only or domestic use only or a combination of both. Because
electric power is not reliable, most borehole owners buy their own generators. These further increases the running
cost of private boreholes (Manual Borehole Drillers, 2007).
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