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Abstract
Field hydrogeological mapping of the catchment floodplains of river Gbako was carried out. The results shows average water
level in wells is 6.1 m below ground surface, average wells depth is 8.8 m and average water column in the wells is 2.7 m. The
shallow Alluvial Aquifers in this catchment area are been exploited for groundwater and they are mainly recharged by
precipitation and Rivers Gbako and Mussa. Groundwater flow in the area is along two divides, the most important is in the
middle parts which has higher hydraulic head and indicates a discharge zone. Groundwater also flows from the middle area to
western and eastern part of the catchment. Hydraulic conductivity of the sediments estimated from grain size distribution after
mechanical sieves using empirical formula (K = C (d10)2) shows average permeability of 4.3m/day. Field geological mapping
of the catchment show the alluvial sediments of River Gbako flood plains around Baddegi. The alluvial sediments extend up to
3km2 from both sides of the Gbako River bank which signifies the active flood plains in the area. Textural characteristics of the
sediments sampled from four pits dug in the catchment shows medium grained brownish to yellowish colour with iron
concretions in some of the exposed strata.
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1. Introduction
Porosity and permeability are two important properties of
aquifers that have significant implication for their
productivity. Alluvia aquifers of the catchment floodplains of
River Gbako around Baddegi have been exploited for
groundwater to serve domestic and agricultural usage.
Charles [4] defined porosity of a rock as the percentage pore
space within a given volume and further mentioned that the
factors affecting porosity of a rock include: The grain size
distribution, degree of sorting, grain shape, fabric, degree of
compaction and Cementation, solution effects, mineralogical
composition and presence of clay particles. Hamill and Bell
[6] defined permeability as the ability of a rock to allow the
passage of fluids into or through it without impairing its
structure. Permeability (hydraulic conductivity) refers to the
ease with which water can flow through a soil. The higher the

permeability of a soil layer, the faster water can infiltrate
through to avoid flooding, Yulianti [17].
Evaluating the alluvial aquifers of the catchment floodplains
of River Gbako will help in the future planning and
management of the groundwater resources of the area. The
distribution and circulation of groundwater is controlled by
geological factors such as the lithology, texture and structure
of the rocks and by hydrological and meteorological factors
such as stream flow and rainfall Martins [9]. Groundwater
occurs both in confined and unconfined condition. In the Bida
Basin, two types of aquifer are identifiable; one is semiconfined but locally confined in some places, while the other is
unconfined. The first is most widespread and occupies about
80% of the land area, while the second is limited to small
portions of the central and northern part of the basin
(Shekwolo [15]; Olaniyan and Oyeyemi, [12]).
The unit aquifer (Nupe Sandstone) spreads over a large
area within the middle Niger Basin. At Mokwa area the

37

Sidi Aliyu Ahmed: Hydrogeological Evaluations of Shallow Alluvial Aquifers of the Catchment Flood
Plains of River Gbako around Baddegi Central Bida Basin, Nigeria

average thickness is about 28 m. The aquifer at the southern
part of River Niger spreads as a belt along the Basement
Complex boundary Polservice, [14]. Du Preez and Barber [5]
reported the occurrence of large quantities of groundwater
from the Nupe sandstones in the area between Kontagora and
Mokwa. Eastward towards Bida, the formation changes
laterally into fine-grained sand and silt from which poor
yields were obtained. The alluvium areas are highly
productive. They are characterized by direct continuity with
the river. The yield as observed in Shonga is 136 m3/ hr.
Martins [9]. The aim of the research thus, is to evaluate the
alluvial aquifers of River Gbako floodplains around Baddegi
using empirical formula by Hazen.

2. The Study Area

Nigeria. The area extent is 25 km2. The major settlement in
the area is Baddegi which is located south-east of the study
area. The headquarters of National Cereal Research Institute
(NCRI) is the only prominent institution located within the
area. The rail line that passes through the town of Baddegi
serves as the eastern boundary of the area of study. Figure 1
shows the location extent and coordinates of the area.
Average elevation in the area is 55 m above mean sea level
as obtained from the topographical map of the area. The area
is drained by River Gbako which is a tributary to river
Kaduna; other minor rivers also drained the area. The
vegetation of the area belongs to the sub arid type with few
trees distributed across the area which disposes the soil to
erosion. Groundwater condition of the aquifers in this area is
controlled by the interplay of three hydrologic factors via
climate, vegetation and land use activities.

The area is within Bida (sheet 183 SW) North Central,

Figure 1. The study Area (Sidi, 2016).

3. Research Methodologies
3.1. Field Geological and Hydrogeological
Mapping
Topographical map on a scale of 1: 25,000 was used as
base map on which geological information were recorded.
Field descriptions of rocks and geological features in the
study area were recorded in the field note book. Geological
features were also captured in the field with a portable digital
camera. The area is generally a flood plain and poorly
exposed for detail stratigraphic studies except at the channel

of River Gbako where the rocks were slightly exposed. Field
hydrogeological mapping of the area was conducted, during
which various hydrogeological measurements were taken and
recorded in the field note book. At each location of water
well, available information were documented. Depth to water
in the wells and well depths were measured with a dipper.
Elevation above mean sea level and geographical coordinates
of each well were taken and recorded.
3.2. Sieve Analysis
In the soil test laboratory of Federal Polytechnic Bida
(FPB), twenty one (21) sediment samples were subjected to
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mechanical sieve analysis. The samples sieved were collected
from four pits dug in the catchment area to various depths of
0.1m, 2.0m, 1.4m, and 1.2m respectively for TR-1, TR-2,
TR-3 and TR-4. Samples were collected at intervals of 0.1m
from top to the maximum depth of each pit. The appropriate
sieve sizes were selected and arranged. The sieves with the
appropriate mesh sizes were inserted into each other. A table
containing mesh sieve column and the corresponding
aperture sizes were prepared. The aperture sizes gradually
decreases toward the bottom until the pan. The sieves and
pan were weighed and recorded. The largest aperture size
was at the top and the smallest one at the bottom of the
column. The samples to be sieved were weighed and
recorded. The weighed samples were then put inside the
sieve and shaken using electric shaker for five minutes. The
weight of retained material in each sieve was recorded. A
cumulative table for the weight of sample retained was
prepared and plotted on a semi-log graph.
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3.3. Estimation of Hydraulic Conductivity, K
of the Sediments
Hydraulic conductivity (K) was estimated from the soil
particle size distribution graph using Hazen [7] empirical
formula. The formula is thus represented as;
K

C d

(1)

where K is hydraulic conductivity in cm/sec, C is a constant
with units of (cm·sec)−1, and d10 is the grain diameter in
centimetres such that grains this size or smaller represent 10%
of the sample mass. C varies from about 40 to 150 for most
sands. C is at the low end of this range for fine, widely graded
sands, and C is near the high end of the range for coarse,
narrowly graded sands Charles, [4]. Other method as reported
by Carman [2, 3], Burmister [1], Lambe [8], Olson [13], and
Mitchell [10] can also be used to estimate the hydraulic
conductivity of soils.

Figure 2. Geological and profile maps of the study area.

4. Results
Results of the field geological mapping of the area of study
reveals two main stratigraphic sections (Figure 2). They are
alluvial deposits and Jima member of the Bida sandstone
formation. The exposed sections of Gbako River bank and
the four pits dug in the catchment area (Figure 3) reveal the
textural compositions of the alluvial deposits. The alluvial
deposits cover an area of about 3km2 of the active flood

plains of River Gbako around Baddegi. The sediments are
brownish colour and fine grained. The alluvial deposits are
underlain by the Jima sandstone; the jima sandstone member
overlies the Doko member all of Bida formation Obaje [11].
Gradation in grain sizes from the exposed sections of Gbako
River channel and the pits dug shows a coarsening downward
profile from the surface. Lithological units observed from the
uncased hand dug wells show thick laterite horizon at the
boundaries between the floodplains catchment and the
mainland.
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A=TR-1 B=TR-2, C=TR-3, D=TR-4.
Figure 3. Lithological observations in the pits.

Figure 4. Particle size fractions of the sediments.
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4.1. Grain Size Distribution
Particle size fractions (Figure 4) reveal the various
compositions of the sediments of the alluvial deposit.
Generally, the percentage composition of the fine to medium
grained is more than the coarse grained materials indicating
low energy environment and active erosional activities
around the catchments, Pits dug within the flood plain
domains (TR-1, TR-2, and TR-3) have higher percentage
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composition of fine grained materials compare to the Pit
(TR-4) dug outside the catchment domain of the flood plains.
River transported sediments which are continuously added to
the existing materials in the flood plains may be responsible
for the observed fine grained materials in the Pits.
The results of mechanical sieves and plots of particle size
distribution are presented in figures 5, 6, 7 and 8 respectively
for TR-1, TR-2, TR-3, and TR-4.

Figure 5. Plot of sieve analysis results in TR-1.

Figure 6. Plot of sieve analysis results in TR-2.
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Figure 7. Plot of sieve analysis results in TR-3.

Figure 8. Plot of sieve analysis results in TR-4.

Porosity and permeability of the sediment is influenced by
the particle size distribution Charles [4]. Fine to very fine
fractions of the sediments can affect percolation of water

through the sediment due to poor transsimitivity. The locked
pores in the sediments resulting from clay and silt fractions
of the alluvial sediment is able to store considerable amount
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of water but not able to transmit it due to poor interconnected
pores that characterized the clay fractions, thus, the hydraulic
conductivty of the sediments in the catchment area that was
determined from the particle size distribution is low.
4.2. Hydraulic Conductivity (K) of the
Sediment
Estimation of average hydraulic conductivity from soil
particle sizes shows the four pits have nearly the same
hydraulic conductivity with slight variation for pit (TR-1)
with the three other pits (TR-2, TR-3, and TR-4). TR-1 has
estimated average hydraulic conductivity of 4.2m/day while
TR-2, TR-3 and TR-4 have estimated average hydraulic
conductivity of 3.4m/day. The average hydraulic conductivity
values for the pits correlate to the vertical estimate of
hydraulic conductivity of a medium- grained sandstone
geologic material Charles [4].
4.3. Hydrogeology
Results of field hydrogeological mapping conducted in the
area shows most part of the catchment is covered by the
flood plains of River Gbako of which alluvial aquifer of the
basin serves as the source of groundwater. This allowed hand
dug wells to be constructed and water is tapped from the
alluvial aquifers.
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Hydrogeological relation between River Gbako and the
groundwater in the area was established, Hydrogeological
measurements from the wells table 1 shows, average water
level of the wells in the area is 6.1m, average wells depth is
8.8 m and average water column of the wells is 2.7 m
indicating, the hand dug wells penetrated shallow alluvial
aquifers with thin thickness. The area is principally drained
by Rivers Gbako and Mussa flowing in the north-south
direction.
Groundwater flow system in the area figure 9 shows
groundwater flow direction, the flow is along two main
divides. In the middle part of the area the flow is from the
north and south to the upper middle part indicating higher
hydraulic head and a discharge zone. Groundwater also flows
from the central area to western and eastern part of the area.
The implication for these flow patterns is that at the middle
part of the area the hydraulic head is high and groundwater
flow from the high hydraulic head to lower hydraulic head
zones. At the SSE of the area where the major settlements in
the area is located groundwater flow is toward the settlement
area. Hand dug wells and boreholes located around this part
of the area are expected to have good groundwater yield
considering other hydrogeological factors like rainfall,
drainage system and grain size distribution and geometry of
the rocks of the area.

Table 1. Hydrogeological Measurement of the Wells in the Study Area.
Location
BDW1
BDW2
BDW3
BDW4
BDW5
BDW6
BDW7
BDW8
BDW9
BDW10
BDW11
BDW12
BDW13
BDW14
BDW15
BDW16
BDW17

Coordinate
9°03'15.4''N
6°08'24.4''E
9°03'24.2''N
6°08'28.6''E
9°03'26.4''N
6°03'32.0''E
9°03'33.0''N
6°08'31.8''E
9°03'24.2''N
6°08'32.9''E
9°03'15.4''N
6°08'39.7''E
9°03'14.5''N
6°08'41.6''E
9°03'14.6''N
6°08'44.4''E
9°04'54.4''N
6°09'07.4''E
9°04'54.4''N
6°07'13.0''E
9°04'34.1''N
6°07'22.1''E
9°04'38.1''N
6°06'33.7''E
9°05'12.8''N
6°06'23.3''E
9°04'15.2''N
6°06'28.3''E
9°04'21.2''N
6°5'10.5''E
9°03'14.2''N
6°05'42.7''E
9°03'17.5''N
6°08'14.9''E

Elevation (m)

WL (m)

WD (m)

WC (m)

77.0

4.03

44.71

0.68

59.0

5.01

55.40

0.39

65.0

5.81

66.53

0.72

75.0

4.60

55.33

0.73

63.0

6.02

66.53

0.5

94.0

9.43

110.01

0.58

90.0

8.10

88.21

0.11

70.0

7.56

88.12

0.56

84.0

10.2

110.63

0.51

79.0

3.71

110.31

6.60

71.0

3.42

220.32

16.90

69.0

4.22

115.60

11.38

82.0

5.30

55.43

0.13

65.0

4.09

55.13

1.04

93.0

6.15

77.12

0.95

99.0

10.3

111.21

0.58

72.0

River Gbako

NND

ND
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Location
BDW18
BDW19
BDW20
BDW20
BDW21

Coordinate
9°04'45.3''N
6°07'16.6''E
9°04'26.9''N
6°06'34.1''E
9°04'27.7''N
6°06'33.0''E
9°04'34.01''
6°06'35.1''E

Elevation (m)

WL (m)

WD (m)

WC (m)

77.0

Trial pit

NND

ND

64.0

Trial pit

NND

ND

72.0

River Mussa

NND

ND

77.0

Sangi

NND

ND

WL=water level, WD=well depth, WC=water column, ND=not determined.

Figure 9. Groundwater contour maps of the catchment flood plains.

5. Conclusions
Field geological mapping of the study area reveals the
alluvial sediments of River Gbako flood plains around
Baddegi. The alluvial deposit extends up to 3km2 from both
sides of the Gbako River bank which signifies the active
flood plains in the area. Textural characteristics of the
sediments sampled from four pits dug in the catchment
shows medium grained brownish to yellowish colour with
iron concretions observed in some of the exposed strata.
Field hydrogeological mapping of the area shows the
groundwater flow system of the area thus, average water
level in wells is is 6.1 m below ground surface, average wells
depth is 8.8 m and average water column in the wells is 2.7
m. The flow direction of the two main rivers (Gbako and
Mussa) that drained the area is North-South. Alluvial
Aquifers in this catchment are mainly recharged by
precipitation and Rivers Gbako and Mussa. Groundwater
flow in the area is along two main divides. In the middle part
of the area the flow direction is from North-South and
towards the upper middle part indicating higher hydraulic
head and a discharge zone. Groundwater also flows from the
middle area to western and eastern part of the catchment.
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