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INTRODUCTION

Lafarge are partners in the operating of three former
Blue Circle/WAPCO cement works in Nigeria, West
Africa, and the lead author helped build the water
supplies for two of them between 1976 and 1978. Blue
Circle was acquired by Lafarge in 2000 and thus history
has come full circle. The lead author was employed by
George Stow and Company, a firm of water engineers
based in Henley - on – Thames, and was geologist and
site agent on both projects.

The operations are at Shagamu, to the north-east of
Lagos in the south of the country; Ewekoro to the north
of Lagos; and at Ashaka in the remote north-east. This
paper tells the story of the Ashaka project (Figure 1).

ROLE OF EXTRACTIVE INDUSTRIES IN NIGERIAN
ECONOMY

Almost all modern industrial economies are based on
minerals and manufacturing using those minerals. Whilst
this has tended to be forgotten in European countries it
is very apparent in Africa. In 1999, agriculture in Nigeria
accounted for 39% of the GDP and employed more than
50% of the population, whilst the sale of oil accounted
for about 35% of GDP and more than 90% of its export
revenues. Other potential mineral raw materials include
gold, coal, aluminium, tantalum and tin. The Raw
Materials Research and Development Council (RMRDC)
advertises a list of non-metallic minerals with extensive
reserves including asbestos, barite, bauxite, clay, kaolin,
fireclay, diatomite, dolomite, feldspar, fluorspar, gypsum,
ilmenite, kyanite, limestone, phosphate, salt, soda-ash
and talc. (Anon, 2000).

ABSTRACT

Starting in 1976 the lead author project managed a turnkey ”site investigation and build” water supply to a new cement
works being constructed in the Nigerian bush. Electrical resistivity traverses were carried out across a substantial
seasonally dry river course and an array of water borehole positions were selected. Six shallow large diameter
boreholes were drilled in two lines of three holes, in different bends of the river. Of a special design to cope with
seasonal flooding the groups of boreholes were connected by small pipelines and a manifold system to serve a
larger pipeline leading 5 kilometres to the cement works site. The contract included a full pumping and reticulation
system to the works site with subsidiary networks for company villages, small civils works, electrical control systems,
and power cabling. Although a minor contract in relative financial terms the provision of water was vital to the
operation of the works and to the sustaining of the community.
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Table 1 below lists the top 20 companies in Nigeria in
2001 and it very instructive to see two cement companies
included with oil producers representing a significant
proportion of the largest enterprises in the national
economy. In the 1970s demand for cement was high and
the government were prepared to invest in infrastructure
to assist in the development of new sources. At Ashaka
this included road and rail links.

At a more local level large mineral projects create
many jobs and support local businesses in both
construction and operating phases. On a greenfield site
such as Ashaka this was particularly apparent. The initial
site preparation and early construction phase involved
largely imported labour teams but as labour demand
grew many more jobs were filled by local employment.
Small businesses in towns a few hours drive away would
benefit from trade in support items from welding rods to
small electrical appliances, bush camp construction
materials, and vehicle repair. As the on site workforce
grew, local traders were attracted to the area providing
the beer, cigarettes, soft drinks, clothes and myriad
personal items. By the time construction was in full swing
with a substantial expatriate and local workforce living in
permanent accommodation a true local trading economy
had been created.

In its operating life the economic importance is well
reflected in the comment on the Blue Circle web site in
2000 that described Ashakacem as “…Nigeria’s Jewel
of the North in a remote area of N E Nigeria. Social
responsibilities to local communities are huge ….”
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PROJECT BACKGROUND

Ashakacem was to be a completely new cement
works, built from scratch adjacent to the limestone
resource with a planned capacity of 700,000 tonnes per
year. The feasibility study had been carried out in 1957
by two engineers travelling on horseback. In the
mid-1970s the immediate area had no roads, no electricity,
no water, no workforce, and no accommodation. A few
scattered villages, elephant grass, and isolated baobab
trees was the scene.

In January 1976 the lead author was despatched to
carry out a geophysical prospecting survey to locate
some water well sites. The journey to site took 11 hours,
initially on tarmac then onto single track bush roads.
After fording a few rivers, and losing most of the oil out
of the Landrover gearbox, the road ended at the village
of Bajoga. The site bush camp was several miles further
into the bush, with no track to follow. By now dark, it
was necessary to follow the wheel marks of other
vehicles until the lights of a camp could be seen. There

Figure 1. Location map of Ashaka Works (from Kogbe, 1976).

Table 1. Top 20 Nigerian Companies by Capital Value in 2001.
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were half a dozen Blue Circle (client) and Costain (main
contractor) expatriates in a semi-circle of small caravans,
an open air kitchen, and two straw sided “bashas” or
shelters for dining and sitting areas.

GEOLOGICAL SETTING

The site sits within the upper part of a large sedimentary
basin known as the Benue Trough, a NE-SW trending
structure covering the eastern part of Nigeria up to the
northeast where the Chad basin is located. The oldest
sedimentary rocks in the basin are Cretaceous sandstones,
shales and limestone which are generally believed to be
of Albian age deposited in a fluvio-deltaic environment
over the basement complex. Higher sequences of the
Benue Trough include alternating marine shales and
limestones associated with a second marine trangression
into the subsiding trough and represented locally by the
Gongila (Gongola) Formation.

Bima Sandstone was believed to host a water table at
considerable depth and with very poor yield characteristics.
The rock is well cemented with a low porosity and
permeability, and is not well fractured. Some rotary
boreholes were drilled to test the likelihood of obtaining
a viable water source and proved the initial analysis to be
robust.

The Gongila limestone was believed to be more
fractured and potentially offer a better water yield but
proved on investigation to host only a thin saturated
zone. Most of the catchment would in time be removed
by quarrying for cement feedstock. Superficial deposits
are limited to the fluvial and alluvial deposits associated
with the Gongola river and comprised silts with black
cotton soil outwith the modern channel, and clean sands
within the channel.

The Gongola River rises in the high central Benue
Plateau, initially flows north-eastwards then turns to the
southeast and south in a huge loop before meeting the
River Benue. In the project area the river course is
represented by a broad, gently meandering wet season
channel typically 300 – 400 metres in width and incised
only four or five metres below the surrounding land
level. Within this the dry season channel is only 30 or 40
metres wide and two to three metres deep containing the
permanent flow.

SITE INVESTIGATION AND GEOPHYSICS

The exploration plan was to find the course of the
Gongola River some five kilometres east of the bush
camp and carry out geophysical prospecting to identify
water bearing sands beneath the river bed. In the
absence of roads the navigational technique was to drive
eastwards through two metre high elephant grass until

Table 2. Simplified Geological Sequence at Ashaka.

the river was encountered. Finding the camp again in the
evening was difficult.

A number of prospect areas were identified
comprising parts of the wet season river bed where the
inside of meander loops were to the west of the dry
season course and therefore accessible. A series of
electrical resistivity surveys were conducted utilising
conventional expanding Wenner array traverses at 30
metre centres, each array being perpendicular to the
traverse direction. Electrode spacings were at five metre
increments to a maximum of 100 metres, although the
majority were limited to 25 metres. Promising sites were
followed up by a detailed two metre electrode spacing.
Figure 2 illustrates the general layout of the survey area
locations relative to the future cement works site.

The equipment comprised an ABEM Terrameter
connected to solid steel electrodes by single core cables.
Although the top few centimetres of sand were extremely
dry there was moist sand beneath and electrode contact
was very good. In the absence of topsoil, buried services,
power lines or any other influences the data yielded by
the resistivity surveys were of high quality and a few days
work yielded some good prospective areas.

Generally the fluvial sands in the river course were
found to be approximately 20 – 25 metres thick with
resistivities ranging from 2,500 ohm cms to 20,000 –
25,000 ohm cms. Layers and lenses were identified down
to a resolution of two metres and manual plotting of
results in cross section revealed a structure typical of a
river course evolution.

Water table at the time of year (January, dry season)
was typically three to five metres below ground. For
practical purposes it was the ambition to identify the
greatest saturated thickness of high transmissivity layers
or combined lenses preferably in the order of 15 metres
thick, and ideally in adjacent traverses with a view to
maximised high transmissivity source zones for each
borehole. Additional traverses in low lying areas outside
the present incised channel were undertaken to search
for a buried former river course in order to avoid if
possible construction in the river bed. This search was
unsuccessful.

ENGINEERING CONCEPT

The concept, designed in the UK office, was to drill
groups of shallow, large diameter boreholes in the coarse
high transmissivity areas of riverbed. Two different river
bends were selected to avoid both cone of depression
interference and to minimise the risk of simultaneous
destruction of lines in exceptional flood conditions.

Boreholes would need the ability to withstand wet
season flows, total immersion, erosion, and collision from
floating debris in flood. Electrical infrastructure for
control and power to the electric submersible pumps
required to be robust and sealed. Small pipelines from
the borehole groups would be linked to a collector
pipeline outside the river bed leading to a booster
pumping station containing three centrifugal pumps
drawing from an 85 cubic metre header tank. From here
a 300 mm Glass Reinforced Plastic buried pipeline was
designed to feed a 455 cubic metre elevated steel tank at
the Works site 5.5 kilometres away.

Gongola river alluvials.
Superficials.
Gongola or Gongila Formation.
Limestone.
Bima Sandstone.
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The river bank level is generally around 251m above
datum whilst the works tank was to be at 305 m above
datum. Pumps clearly had to be designed for this duty
and the pipeline itself required air valves, surge vessels
and washout facilities able to cope with the change in
elevation. Each tank and each borehole contained high
and low level electrodes in order to control the water
flows.

BOREHOLE DESIGN AND DRILLING

George Stow (Nigeria) Ltd won the contract to drill
water wells and build distribution systems for Blue Circle
and a few months later (mid 1976) the lead author was
heading back to Ashaka with a drilling convoy.

The expatriate community had grown to around 30, a
Nigerian workforce of several hundred people were
living in a specially constructed village, and a housing
site for expatriate staff was being constructed. A bush
road had been driven to the river from which concreting

sand was being excavated, and a simple dusty airstrip
had been built. Site clearance was underway at the
cement works and the quarry area, and construction of a
metalled road was starting 50 kilometres away.

Six boreholes were to be drilled by large diameter (600
mm) cable percussion methods with a finished diameter
of 250 mm and a depth generally of 16.0 metres. One
exceptional hole reached 21.0 metres before bottoming
the sediments. Figure 3 presents the hand drawn
schematics of two typical boreholes as drilled.

Lining was steel tube with a press – slotted high open
area screen section surrounded by a gravel pack, finished
in plain lining 1.5 metres above ground level. Flanged
and bolted steel headworks were custom built in the UK
to accommodate rising main, power and control cabling.
Each borehole contained an electric submersible pump
installed as deep in the borehole as possible.

Drilling took place over approximately four months in
the dry season with each individual borehole proving

Figure 2. General layout. Not to scale.
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Figure 3. Typical borehole construction

reasonably straightforward in the hands of a driller skilled
in coping with large diameter holes in unconsolidated
sediments. The greater challenges were in moving the
11 tonne rig on a soft sand surface, and in anchoring the
guy lines required to support the rig mast. Borehole and
aquifer development was carried out by airlift pumping
followed by an initial airlift pump test by means of filling
a 209 litre oil drum and timing the fill. Although
apparently crude this technique effectively integrates
flow variations over time and can give a very good
indication of well performance.

PUMP TESTING AND HYDROLOGY

Pump testing of the wells took place in February and
March 1977 utilising an electric submersible pump, a
generator placed on the river bank, and a layflat pipeline
leading to an orifice weir discharging into the river well
downstream of the active borehole. Where possible a
three stage step drawdown test was undertaken followed
by a steady state test for up to three days. In each group
of boreholes the non-pumped wells were used as
observation points for the pumped hole such that
reasonable analysis of the results could be deduced. Each
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Table 3. Summary of Borehole Performance

one of the boreholes performed well and gave confidence
that the cement works demand anticipated at 227 cubic
metres per hour could easily be provided by two or more
holes being pumped simultaneously at a sustainable rate.

Although the constraints on operating in that
environment meant that the pump tests were far from
text book exercises it was recognised on site that the
boreholes were performing very well. The high quality of
the drilling crew, the relatively shallow large diameter
wells, and a high water table gave confidence that the well
losses would be relatively small. The timely publication
in 1977 of Lewis Clark’s seminal paper on pump testing
(Clark 1977) stimulated an attempt to calculate aquifer
parameters by manual means from the data available.

In 2006 the opportunity arose to re-visit the data using
modern software and effect a comparison with another
high yielding shallow alluvial aquifer. Published pump
test data in respect of relatively large diameter wells in
shallow high yielding alluvial aquifers is comparatively
sparse but a research project managed by the co-authors
involved just such a pump test in the Kennet valley in
Berkshire. The co-authors were able to analyse the
Ashaka data by modern means and then compare the
aquifer performances and individual well behaviour.

ASHAKA PUMP TEST ANALYSIS

The logs for each of the six boreholes show that the
river bed deposits comprise two to three metres of fine
sands overlying predominantly coarse sand and gravel
deposits ranging between 10 and 18 metres thick. In a
few of the boreholes these coarse sands and gravels are
interbedded with calcareous sands or horizons containing
clay bands or silt. Boreholes were terminated in a clay
horizon representing the solid geology.

In this geological setting the water table is taken to be
unconfined and pumping from the groundwater would
be expected to create a cone of depression in the water
table. The response of an unconfined aquifer can be
expected to include a ‘delayed water table response’,
producing an ‘S-shaped’ time drawdown curve that can
be divided into three distinct segments (Kruseman and de
Ridder, 1994): a steep early-time drawdown response; a
flat intermediate time response (when a component of
vertical flow influences the development of the cone of
depression); and a relatively steep late-time drawdown
response (the delayed water table response).

PUMP TEST DATA

Water levels were recorded within the pumped well
during each test for the full duration of the test, while
limited observation well levels were also recorded for the
tests on wells No. 2, 4, 5 and 6. Recovery water levels
within the pumped wells were recorded for the Wells

No. 1 to No. 4 and No. 6. Due to a pump failure after
165 minutes the pump test for Well No. 5 was restricted
to this early time data and no recovery water level data was
recorded. The response of the water levels is displayed
in Figures 4 to 9, which show the time-drawdown curve
for the full duration of the pump tests for all six wells
including the pump rates during each step.

Generally the time-drawdown data show that the
water levels in the wells stabilise rapidly after the
commencement of pumping, with the majority of the
drawdown in the pumped well occurring within the first
minute. This general pattern suggests that the drawdown
is relatively proportional to the pumping rate, with
drawdown increasing as the rate is increased. However,
there are exceptions to this general pattern in the
time-drawdown data, the most obvious of which are the
responses of wells No. 3 and No. 4 during the respective
pump tests. At each pump rate during these tests the
water levels in the wells stabilise relatively quickly and
remain fairly constant until nearing the end of each step
when the water level is suddenly drawdown. This
response may have been attributed to the anticipated
unconfined response, however as the pump rate is
increased (or decreased) for the following step, the water
levels recover and re-stabilise at a new level before
repeating the pattern.

In a few cases also the drawdown is not in proportion
to the pumping rate, with an increased pump rate not
always corresponding to an increased drawdown. This
particularly happens in wells No. 2 (comparing the first
and third steps) and well No. 3 (between the first and
fourth steps). These anomalies in the time-drawdown
plots may suggest turbulent flow within the wells during
the tests, possibly increasing as the test continued at a
steady pump rate.

Observation well data was recorded by measuring
water levels in the other boreholes which were located at
distances ranging from 60 to 185 metres but this data is
relatively sparse for most of the tests. The data that were
recorded indicates that the cone of depression for each
of the boreholes was fairly localised, with only relatively
small drawdown measured in the respective observation
wells.

Due to the limited observation well data the options
for full pump test analyses are also limited. At wells
No. 4 and No. 6 reasonable observation well data allowed
the transmissivity and specific yield to be estimated using
the Theis unconfined approximation method (1935) as
described in Kruseman and de Ridder (1994).

The results gave transmissivity values of 5,762 m2/day
and 3,167 m2/day for wells No. 4 and No. 6 respectively.
Values for specific yield were estimated at 0.05 and 1.3
x10-5 respectively. The specific yield value calculated in
borehole No.4 is within the range that would be expected
for an unconfined aquifer (0.01 to 0.3) suggesting the
aquifer is behaving as expected. However the value for
borehole No.6 is within the typical range for a confined
response (10-5 to 10-3) suggesting that the water table
response here may be more complicated than anticipated.

Both transmissivity values are relatively consistent
while the specific yield values show a large variability
between the two wells. Due to the sparse observation
well data the confidence in the estimated values for
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Figure 4. Time-Drawdown plot for Well No.1 test.

Figure 5. Time-Drawdown plot for Well No.2 test
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Figure 6. Time-Drawdown plot for Well No.3 test.

Figure 7. Time-Drawdown plot for Well No.4 test.
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Figure 8. Time-Drawdown plot for Well No.5 test.

Figure 9. Time-Drawdown plot for Well No.6 test.
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transmissivity and specific yield is questionable and it is
necessary to consider other methods for analysing the
pump tests.

The most detailed datasets available are the recorded
water levels within the pumped wells, therefore a
single-well test analysis – using either step-drawdown or
recovery data - provides the best approach for analysing
the Ashaka wells. However, single well tests only
provide an approximation for the transmissivity of the
aquifer and do not address storage or specific yield.

The stepped pump test data show that the tests were
not undertaken with consistent time steps for each
pumping rate or with progressively increasing pumping
rates, therefore complicating the step-test analysis.
In addition the change in water levels did not always
correlate with the change in the pumping rate where in
some cases an increased pumping rate did not result in
an increased drawdown. Therefore the most reliable
method for estimating the transmissivity using single well
data was considered to be the recovery data using the
Theis recovery method (1946) as described in Kruseman
and de Ridder (1994).

RECOVERY TEST ANALYSIS

The Theis recovery method is applicable to data
from single well tests conducted in confined, leaky or
unconfined aquifers, but for unconfined aquifers such as
the Ashaka riverbed deposits only late time recovery data
should be used. (Kruseman and de Ridder 1994). On
cessation of pumping the water levels displayed a rapid
response with the majority of the recovery occurring in
the first minute and the levels almost recovering to Rest
Water Level within 10 minutes. Due to this rapid
recovery the data after the first minute can be considered
to be late time data for an unconfined recovery.

The Theis recovery method entails measuring the
residual drawdown (s') following the cessation of
pumping as the water levels recover to the background
levels, allowing the following equation to be applied:

where s' is the residual drawdown; Q is the rate of
recharge (= rate of discharge); KD is the Transmissivity;

t is the time since the start of pumping; and t' is the time
since the cessation of pumping. A plot of s' against t/t'
on semi-log paper yields a straight line, with the slope of
the line equal to:

where ∆s' is the residual drawdown difference per log
cycle of t/t'.

The plots of s' against t/t' for the five wells are shown
in Figures 10 to 14 and the calculated values of T are
detailed in Table 4. Values of Hydraulic Conductivity (K)
have been determined from the calculated values of
transmissivity and the thickness of the aquifer at each of
the wells.

These results show relatively consistent transmissivity
and hydraulic conductivity values between the wells.
The only borehole to show a variation in the hydraulic
conductivity is well No. 6 which has a conductivity value
double that of the other four wells. The transmissivity
values are of the same order of magnitude as the values
calculated for wells No. 4 and No. 6 using the Theis
unconfined approximation method.

Hydraulic conductivity values are averaged across the
full thickness of the aquifer. The geology of the boreholes
shows that aquifer around wells No. 1 and No. 4
comprise mainly sand and small gravel underlying fine
white sand. In contrast, the strata identified in wells No.
2 and No. 3 are more varied including clay bands, silts
and calcareous sands. Wells No. 5 and No. 6 also show
some variability in the stratigraphy but to a lesser extent
than No. 2 and No. 3. Transmissivity values will be
dominated by the high conductivity horizons of sand and
gravel so where a larger proportion of the aquifer
comprises silt and clay the transmissivity would be
expected to be lower.

The geological log for well No.6 identified one metre
of hard calcareous sandstone at the base of the hole.
There is potential for this unit to be fractured and hence
introduce a pathway for groundwater flow which may
account for the increased transmissivity value in this
borehole relative to the others.

Table 4. Aquifer parameters calculated from recovery tests.
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Figure 10. Recovery data plot for Well No.1 test.

Figure 11. Recovery data plot for Well No.2 test.
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Figure 12. Recovery data plot for Well No.3 test.

Figure 13. Recovery data plot for Well No.4 test.
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Figure 14. Recovery data plot for Well No.6 test.

WELL EFFICIENCY ANALYSIS

Although the step-drawdown data complicate the
approximation of transmissivity values they do allow an
estimation of well efficiency for three of the wells (Nos1,
3 and 6) using the Bierschenk method (1964) as
described in Driscoll (1986). The other three wells, due
to the odd response of the water levels to changing
pump rates, do not provide adequate data to allow this
method to be used.

Well hydraulics theory is based upon the assumption
that laminar flow occurs within the aquifer during
pumping, and as a result drawdown is proportional to
the pumping rate. However, in most wells turbulent flow
can occur when pumped at sufficiently high rates. When
turbulent flow occurs an additional well loss is created
and the specific capacity of the well will decline as the
discharge rate is increased. Jacob suggested that the
drawdown in the well can be more accurately expressed
as the sum of the first order (laminar flow) and second
order (turbulent flow) losses (Driscoll 1986):

where BQ refers to the component of aquifer loss (lami-
nar term) and CQ refers to the component of well loss
(turbulent term).

Bierschenk (1964; see Driscoll, 1986) expressed this
equation as:

Plotting s/Q against Q for each of the discharge rates and
the related drawdown for each step of the pump test
allows the determination of the values for B (intercept on
y-axis) and C (gradient of straight line). The greater the
component of well loss compared to aquifer loss the less
efficient the well is considered to be.

The ratio of the laminar head loss component to the
total head loss (Lp) can be calculated using the equation:

The specific capacity (QS) of the well (the discharge rate
per unit of drawdown in the well) can also be
estimated by inverting Bierschenk’s equation:

The values for B and C, along with the calculated
values for Lp and Q/s (assuming a discharge rate of 2,500
m3/day) are detailed in the Table 5 for the three wells.

The calculated Lp of 100% for each of the three wells
suggests that the majority of drawdown is a result of
aquifer losses, that the well losses of turbulent flow are
negligible and that the three wells are highly efficient.
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However, it should be noted that for each of the wells
only the minimum of three data points were plotted and
in each case the points did not fit a perfect straight line
indicating that drawdown is not fully proportional to the
discharge rate. In addition the data for wells No. 2 and
No. 4 are not suitable for undertaking this analysis with
an increased discharge not necessarily resulting in an
increased drawdown. This suggests that some turbulent
flow could be taking place in the wells and that the wells
may not be as efficient as suggested by the numbers.
It is exactly this sort of analysis that can then be used to
optimise the sustainable pumping rates most applicable
to each well.

COMPARISON WITH A UK AQUIFER

Recovery data from pumping tests undertaken in a
highly responsive fluvial aquifer in the UK is used as a
comparison to the data from the Ashaka test. The Kennet
Valley fluvial deposits have been selected to provide a
comparison as they have been seen to present a similar
high transmissivity nature, were subject to a thorough
pump test, and the abstraction well at 200mm finished
diameter was also a comparatively large diameter
borehole relative to its depth.

Kennet Valley fluvial deposits comprise River Terrace
and Valley Gravels occupying a two kilometre wide belt
orientated from west to east forming the floodplain of the
River Kennet. The gravel deposits comprise poorly
sorted gravel with 10% to 20% coarse grained clean sand
with little silt content. Within the area of the pump test
the gravels were proved to be up to five metres thick
(i.e. thinner than the Ashaka riverbed deposits) and
overlain by approximately one metre of silt alluvium with
occasional peat.

Dipping gently to the east, the underlying solid
geology comprises Eocene London Clay, underlain
unconformably by Reading Beds, which in turn are
underlain by the Cretaceous Upper Chalk. Within the
pump test area drilling revealed a blue grey stiff to firm
silty clay beneath the sands and gravels. This was
interpreted to be the London Clay which provides a
low-permeability base to the gravel aquifer.

The response of the water table in the Kennet gravel
deposits to pumping was similar to that observed in
Ashaka, in regard to the rapid drawdown observed
within the first minutes following the start of pumping.
However, detailed analysis of the results from a constant
rate pumping test indicated that early time data closely
followed confined behaviour while late time data
responses closely resembled those of an unconfined

aquifer. This is consistent with the conceptual model of a
confined aquifer at modest peizometric head where the
water table is confined initially by the alluvium then the
pumping creates a free water table within the aquifer
material.

Due to some complex data produced by the pump test
in the Kennet gravel deposits the most accurate data for
analysis was considered to be the recovery data as with
the Ashaka pump tests. The recovery data from the
Kennet Valley tests indicate the gravel aquifer has a
transmissivity between 860 and 1,015 m2/day, less than
the values estimated for the Ashaka riverbed deposits of
2,019 to 4,442 m2/day. However, the gravel aquifer of the
Kennet Valley is considerably shallower at five metres
than the Ashaka deposits of 13.0 to 19.5 metres. The
resulting average hydraulic conductivity values of 170 to
250 m/day in the Kennet Valley are comparable to the
conductivity values from Ashaka of 125 to 340 m/day.

These data indicate that the Ashaka riverbed deposits
respond in a similar way to the high conductivity gravels
of the Kennet Valley even though the Ashaka deposits
are significantly thicker. However, observations from
both pump tests indicate that the response of the water
table in the area surrounding the pumped boreholes
differed between the two settings.

The Kennet Valley water table response was observed
across a broad area with a relatively wide and flat cone
of depression developing, where a drawdown of up to
three metres in the pumped well resulted in a relatively
uniform drawdown of approximately one metre at
80 metres from the borehole, and up to 0.5 metres
drawdown at approximately 150 metres. In contrast, the
limited observation well data from Ashaka indicated a
steeper and narrower cone of depression with relatively
small drawdown of about 0.10 metres at 90 metres away
from well No. 4, when levels in the pumping well were
up to 7.5 metres below Rest Water Level. This difference
in the observed response is likely to be a function of the
partial confinement of the Kennet Valley aquifer, and the
interrelationship between Transmissivity, Hydraulic
Conductivity and aquifer thickness.

SUBSEQUENT DEVELOPMENTS

At Ashaka following the successful sourcing of water a
further contract was awarded for additional water
distribution infrastructure. Starting in March 1977, George
Stow (Nigeria) built three kilometres of 200mm GRP
pipeline to the workers village, 1.5 kilometres of 100mm
steel pipeline to the expatriate housing site, and control
gear for those also. By 1978 the cement works civil

Table 5. Well efficiency.
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engineering was substantially complete, and the housing
site was in full swing with families out from the UK, a
club including cinema and a pool, and a schoolhouse
staffed by two teachers. The airstrip was regularly used
by Ashakacem’s own aircraft and the new tarmac road
made the 600 kilometre drive to Kano a lot easier.

In March 1997, 20 years to the week since test pumping
of the Ashaka boreholes, the lead author’s former
Managing Director phoned to seek some information on
the project. The system was still working and the local
authority for a town downstream were considering a
similar design for the town supply. Colleagues in Lafarge
Cement assure the authors that the Works are still
working although the railway line is not currently being
used (Xavier Therin. pers comm. 2006) and the site now
benefits from a golf course.

CONCLUSIONS

Ashakacem as a mineral based company provides a
nationally important resource in Nigeria and is an
important local employer in operational life as it was in
the construction phase. The Ashaka water supply project
was a very successful enterprise in a challenging
environment and has proved to be sustainable in the
long term. It involved effective use of simple electrical
resistivity surveying and an engineering design at an
appropriate level of technology. In financial terms the
contract was one of the lowest cost items in the
construction of the Works but it provided the vital
ingredient without which neither the people nor the
process could function.

The subsequent hydrological analysis revealed
interesting comparisons between two high yielding
alluvial aquifers in very different settings and highlighted
the need to consider all three major aquifer characteristics
in determining optimum pumping rates. Boreholes that
ostensibly perform similarly at the test pump level reveal
variations in the aquifer upon detailed analysis. It is also
clear that text book step drawdown tests are very difficult
to carry out even in the more benign environment of
a Berkshire river valley, whereas the sometimes
overlooked recovery tests are easier in many respects
whilst yielding powerful information.
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