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ABSTRACT
Geoelectric studies have been carried out in the northern parts of Abia state Nigeria, with the aim of
evaluating groundwater potentials and asses vulnerability of aquifers to surface induced contaminations.
A total of forty four (44) vertical electric sounding (VES) points were occupied using the Schlumberger
electrode array and Ohmega resistivity meter. Geoelectric layer parameters were estimated from the VES
data interpretations and used to calculate the Dar-Zarouk parameters of transverse resistance and
longitudinal conductance as well as build contour maps of these geoelectric parameters. Geoelectric
interpretation delineated 5-6 geoelectric layers with lithologies comprising of a thin loamy/humus to
lateritic topsoil, sandstone and shale beds with varying depths and thicknesses across the areas. Aquifer
units were delineated in the 3rd to 4th geoelectric layers with resistivity of 102 m - 4,313m, depth and
thickness of 25.3m – 68.36m and 63.5m - 98.84m, respectively. Results show aquifer depth correlates
with the elevation of the areas, being deep in the highlands and shallow in the lowlands and valleys. The
aquifer depth also correlates inversely with the aquifer thickness. The deeper the aquifer is, the less the
aquifer thickness. This is attributed to increasing fines with depth in the studied areas. The study also
revealed that high aquifer thickness, transverse resistance and low longitudinal conductance correlates
with areas of moderate to high groundwater potentials and poor aquifer protection. These areas were
delineated in Amaokpu and Okoitem (Bende), Ndiaku, Okagwe and Abiriba (Ohafia) and Ihechiowa and
Ututu (Arochukwu). However, the large depths of the aquifer units in these areas confers some level of
protection on the groundwater resources and provide suitable sites for the development of sustainable
boreholes. Uzoakoli (Bende), Nkporo and Asaga (Ohafia) and Abam (Arochukwu) exhibit poor
groundwater potentials and high aquifer protection. Borehole development will be unsustainable in these
areas due to the shale impermeable layers that limit the amount of water that percolates into the aquifers
with the attendant scarcity of water supplies in these areas.
Keywords: Aquifer, protective capacity, groundwater potential, resistivity, Abia state.
1.0 INTRODUCTION
Groundwater represents the water occurring in the zone of saturation below the water table called the
aquifer. Aquifers are porous and permeable rock units that have the capacity to store and readily transmit
water to wells and streams. It is the main source of potable water supply for domestic, industrial and
agricultural purposes (Ehirim and Ebeniro, 2010, Ugwuanyi et al., 2015). Fresh and potable groundwater
is the necessary requirement for any society to lead a healthy and productive life. It is estimated that
approximately 100l/day of safe drinking water is the minimum amount required per person for good
health (Falkenmark et al., 1989). However, its relative abundance, distribution and quality vary in space
and time largely due to climate, geology and topography of the area.
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Abia North comprising Ohafia, Bende and Arochukwu Local Government Areas in Abia state, has
witnessed growths in population, economic and agricultural activities with limited access to potable water
supply (Fig 1.0). There are no sustainable surface water sources which can be impounded into dams to
serve the water needs of its population and thus, the areas are heavily dependent on groundwater as the
only source of potable water supply. However, groundwater is expected to form a significant part of the
water resources of the study area, considering the enormous tropical rainfall experienced each year.
Unfortunately, the potential for groundwater resources varied from poor to moderate due to its distinct
location, topographic and geological complexities. Efforts by government and individuals to sink
boreholes have not been successful. When boreholes are drilled, the cost is prohibitive, aquifer depths are
large if any and the yields in most cases are poor.

Fig. 1: Location of Abia State and the study area
Aquifer potential is a function of subsurface geological composition and properties that plays important
role in determining the storage and flow of water into the subsurface through recharge processes (Bashir
et al., 2014). Understanding the nature of subsurface conditions necessary for aquifer formation is vital in
groundwater studies. Geoelectrical methods provide useful information about the nature of subsurface
rock formations. Among the geoelectrical methods, vertical electrical sounding (VES) technique has
become one of the most used techniques in groundwater studies in both porous and fissured media. The
method is based on the response of the earth to the flow of regulated input current source and
determination of the resulting electric potential and impedance for the evaluation of subsurface
hydrogeophysical conditions. It is noninvasive, efficient and cost effective method and provides 1-D
electrical structure of the subsurface based on surface measurements.
VES technique has variously been used by many researchers for groundwater resource evaluation in
different parts of the globe. Some used it in the assessment of groundwater quality and vulnerability to
contaminant loads (Ehirim and Nwankwo, 2010; Ehirim and Ofor, 2011) and determination of
groundwater potentials and characterization (Ehirim and Ebeniro, 2010; Okonkwo and Ujam, 2013).
Others have used it for investigations into the causes of borehole failures (Chukwu et al., 2015), and
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assessment of overburden thickness and aquifer protection (Stempvoort et al., 1992, Oseji et al., 2018;
Egbai et al., 2015).
Aquifer protection from contaminants is essential for the sustainable use of groundwater resources. The
major factor in quantifying aquifer protection lies in the vulnerability assessment of the aquifer.
Vulnerability is the sensitivity of the groundwater quality to an imposed contaminant load (Lobo-Ferreira,
1999). It reflects the ability of the subsurface to either prevent or convey contaminant fluids into the
aquifer. This is controlled by the hydraulic conductivity of the aquifer overburden material, depth to water
table and groundwater flow rate (Obiora and Ibuot, 2020). Therefore, for effective groundwater
protection, the protective layers usually impermeable rocks of silt, shale and clay must be thick enough
and low in hydraulic conductivity for effective groundwater protection (Okpara et al., 2012; Aweto,
2011; Mundel et al., 2003).
Some of the methods of measuring aquifer vulnerability include GOD which considers three parameters
such as Groundwater occurrence (G), Overall aquifer class (O) and Depth to aquifer (D), DRASTIC
which considers depth to water, net recharge, aquifer media , soil media , topography, impact of the
vadose zone and hydraulic conductivity, while the Aquifer Vulnerability Index (AVI) is based on
thickness (h) of each sedimentary layer above the uppermost, saturated aquifer surface and hydraulic
conductivity (K) of the sedimentary layers (Aller et al., 1987; Stempvoort, 1993). The principle of AVI
lies on the fact that groundwater flows vertically downwards, so that the hydraulic resistance to vertical
flow of water (C) through the protective layers overlaying the aquifers can be quantified (Stempvoort et
al., 1992; Aweto, 2013).
The hydraulic resistance to vertical flow of water (C) is given as:
C=∑
Where hi = thickness and ki = hydraulic conductivity

- - - - - (1)

For clean saturated aquifers whose natural fluid characteristics are fairly constant, the hydraulic
conductivity is proportional to the resistivity of the aquifer (Mbonu et al., 1991). Hence, the aquifer
hydraulic conductivity (K) can be approximated to the true resistivity of the aquifer especially in the
absence of pumping test data (Hubbard and Rubin, 2005). As such, the resistivity (⍴) and depth (h) of the
geoelectric layers could be combined into Dar-Zarouk parameters of Transverse resistance ( R) and
Longitudinal conductance (S) expressed respectively by;

Transverse resistance R
=
Longitudinal conductance S =

- - - - - - (2)
- - - - - - (3)

Such that hydraulic resistance C can be rewritten as:
C =

=

=S

------

(4)

And Transmissivity (T) as:
T = 𝐾ℎ = 𝜌ℎ = 𝑅

- - - - - - (5)

R and S can therefore, provide the basis for the robust evaluation of aquifer transmissivity and protection,
respectively, based on surface geoelectric measurements.
The present study therefore, attempts to estimate geoelectric layer parameters (layer thicknesses and
resistivities) from surface geoelectrical measurements and calculation of Dar-Zarouk parameters of
transverse resistance (R) and longitudinal conductance (S) for the evaluation of groundwater potentials
and aquifer protection in the study areas.
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2.0
Geology of the Study Area
The Santonian-Campanian tectonism gave rise to the two sedimentary basins in which the study area lies.
Ohafia and Bende local government areas lies partly in Abakaliki basin of mid Albian age and the
Maastrichtian Anambra basin, while Arochukwu lie in the Maastrichtian Anambra basin only. Eight lithostratigraphic units ranging from Eze - Aku to Bende -Ameki Formations were observed in the areas (Fig.
2.0).

Fig. 2: Geology of the Study Area
Eze-Aku and Agwu shale Formations belong to the Abakaliki basin and consist of calcareous and non
calcareous grey to black shale. In the Anambra basin are mid-Cretaceous-Coniacian Nkporo, Mamu,
Nsukka Formations and the Ajali sandstones. It also consists of the Tertiary shale of Eocene age whose
sediments include Imo and Bende-Ameki shale Formations. The Imo shale with its coarse, cross-bedded
sandstones and sandy clay, and the clayey sandstone - sandy shale – mudstone and fine-grained sandstone
units of the Bende-Ameki formations may form aquifers with poor yield in some localities. In contrast to
the porous and permeable false-bedded, friable sands of Ajali sandstones, the other formations in the
study area are mostly aquitards dominated by shale lithofacie. Ajali sandstones form the main water
bearing formation and the source of potable groundwater supply in the study area (Reyment, 1965;
Kogbe, 1976; Hoque and Ezepue, 1977).
3.0
RESEARCH METHODS
Forty four (44) Vertical Electrical Sounding (VES) locations were occupied and spread across the three
LGA’s in the study area. Using the Schlumberger electrode array, a maximum spread of AB/2 = 400 and
MN/2 = 50 were deployed. Two sets of electrodes; the current electrodes ‘A and B’ and the potential
electrodes ‘M and N’ were driven into the soil and subsequently, connected to the Ohmega Resistivity
meter. At each VES location, current was sent into the subsurface through the current electrodes and the
resulting potential difference (p.d) between M and N was measured. The ratio of the current (I) to the
measured potential difference gives the resistance (R) in Ohms (Ω) of the soil material to the flow of
current according to the equation,
R = V/I

....

(6)

Measurements of resistance were made progressively from the smallest spacing to the maximum spread.
When the ratio of the distance between A and B to that between M and N became so large, the potential
electrodes were expanded with respect to the midpoint. Else, the p.d becomes too small to be measured
with accuracy. The apparent resistivity (ρa) of the soil material in ohmmeter (Ωm) for each location was
then calculated by multiplying R by the geometric factor G, given by:
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....

(7)

Values of ρa for each location were then processed using the WinRESIST software to obtain geo-electric
layer parameters such as the true resistivity (⍴), thickness (h) and depth of the investigated geologic
formations. These layer parameters were further used to map aquiferious units and to calculate the DarZarrouk parameters (transverse resistance and longitudinal conductance). Contour maps of the geoelectric parameters were generated using Surfer 8 software. These were used for further interpretation of
groundwater potential and vulnerability assessment in the study area.
4.0
RESULTS PRESENTATION
Typical resistivity sounding curves (ρ1< ρ2 < ρ3<ρ4>ρ5), (ρ1< ρ2< ρ3 >ρ4>ρ5> ρ6), (ρ1< ρ2<
ρ3>ρ4>ρ5) and (ρ1<ρ2>ρ3>ρ4>ρ5>ρ6) obtained from the analysis of the field data for VES 10, 16, 36
and 37, respectively, are presented (Fig.3). The curves were interpretated and complimented with
borehole data to produce geo-electric sections of the area (Fig. 4). The sections reflect five to six
geoelectric layers indicating lithofacies variations with depth in each VES point.
The geo-electric sections show a dominantly three lithofacies geologic model consisting of topsoil,
sandstone and shale beds of varying thicknesses and depth. Result show that sandstone lithofacies is
dominant and widespread over shales and topsoil in the area. The topsoil is a thin layer of mixed
loamy/humus to lateritic soils with resistivity values ranging from 16.57m (VES 21 - Onuinyang) to
2154.0m (VES 25 - Igbere) and thickness range of 1.89m to 1.98m across the study area. Sand and
shale lithofacies were delineated with characteristic resistivities ranging in values from 102.0 m (VES
26 - Elugwumba) to 4,313.0 m (VES 21- Okagwe Ohafia) and 4.28 m (VES 21 - Onuinyang) to 73.9
m (VES 22 – Uzoakoli), respectively, across the study area.

a

b

c

d

Fig. 3: Typical VES curves for (a) Elu-Ohafia (VES 10) (b) Alayi-Bende (VES 16) (c) EziamaArochukwu (VES 36) and (d) Ihechiowa -Arochukwu (VES 37)

(a)
(b)
(c)
Fig. 4: Geo-electric sections for VES points in (a) Ohafia (b) Bende and (c) Arochukwu.
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In Ohafia area (Fig.4a), resistivity values of sand units ranged from 110.0m – 4313.0m, with thickness
range of 63.5m (Akanu –Ves 7) to 97.84m (Asaga –Ves 9) depicting thick sand beds. Aquiferious zones
were delineated in the third and fourth layers of the geoelectric sections. Depth to aquifer ranged from
27.27m - 68.36m implying shallow to medium aquifers. Thick shale beds were delineated majorly in NdiUdumaukwu (VES 5) and Amangwu (VES 8) with resistivity values ranging from 22.3m – 60.6m and
a thickness and depth range of 3.43m – 74.9m and 5.37m – 124.7m, respectively.
Bende area (Fig.4b), exhibit resistivity values for sand units ranging from 102m – 2745m with
thickness of 72.2m – 99.7m. Aquiferious layers were delineated in the third and fourth layers, while depth
to the aquifer ranged from 25.3m - 52.47m indicating shallower to medium aquifers. Massive shale beds
were delineated in Ugwueke (VES 17), Etitiama Nkporo (VES 19), Onuinyang (VES 21) and Uzoakoli
(VES 23) with resistivity of 4.28 m – 73.9m and a thickness and depth of 3.82m – 73.55m and 5.8m –
125m respectively.
Arochukwu area (Fig.4c), delineated sand units with resistivities of 127.4m – 2859m with thickness
of 32.6m - 92.8m. Delineated aquiferious layer in this region is mostly in the third geoelectric layer.
Depth to aquifer ranged from 32.60m - 45.49m indicating shallow to medium aquifers. Thick shale beds
were also delineated in Ndi-Ememe (VES 40), Ndi – Okereke (VES 41) and Ozuabam (VES 44) with
resistivity of 5.46 m to 94.12m and a depth and thickness range of 5.22m – 125.4m and 3.27m 91.8m,
respectively.
Elevations and geo-electric parameters estimated from VES interpretations as well as the Dar-Zarouk
parameters (Table 1), were subsequently contoured into maps for quantitative interpretation of the
mapped aquifers in the areas (Figs. 5-11).
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AQUIFER
PROTECTIVE
CAPACITY
RATING

LONG.
CONDUCT. h/p
(mhos)

TRANSVERSE
RESISTANCE
(Ωm2)

AQUIFER
RESISITIVITY
(ohm-m)

LONGITUDE
(˚E)

AQUIFER
THICKNESS (m)

LATITUDE
(˚N)

DEPTH TO
AQUIFER (m)

LOCATION

NO. OF LAYERS

VES
NO

ELEVATION (m)

Table 1: Aquifer parameters of VES stations in the study area

OHAFIA LOCAL GOVERNMENT
1
2
3
4
5
6

ARMY JN.
ABIRIBA
NDIAKU OHAFIA
OKAGWE
OHAFIA
NKWEBI OHAFIA
NDI
UDUMAUKWU
NDI UDUMA
(ANIA)

0

7 43' 09.4'

180

6

68.36

76.94

1,717.0

132,105.98

0.044810716

50 40' 03.7''

7 47' 05.6''

96

5

32.60

94.80

441.3

41,835.24

0.21481985

50 40' 22''

7 47' 15.2'

88

6

48.64

78.56

4,313.0

338,829.28

0.0182147

Poor

50 40' 48''

7 47' 36.6''

102

6

48.30

77.20

739.0

57,050.80

0.104465494

Weak

50 39' 02.2''

7 46' 50.9''

91

6

-

-

-

-

-

50 32' 7.36''

7 51' 62''

185

5

59.40

67.80

272.0

18,441.60

0.249264706

5 35' 46.8''

7 49' 27.7''

182

5

27.76

98.84

1,898.0

187,598.32

0.052075869

50 39' 56.8''

7 52' 32.4''

115

5

-

-

-

-

-

50 34' 39.56''

7 49' 53.49''

139

6

63.50

63.50

149.0

9,461.50

0.426174497

Moderate

5 38' 30.55''

7 49' 32.58''

203

5

31.94

94.46

110.5

10,437.83

0.854841629

Good

50 38' 35.54''

7 49' 33.55''

200

5

33.20

92.30

1,083.0

99,960.90

0.085226223

Poor

5 37' 33.11''

7 49' 53.6''

199

5

33.92

90.68

818.6

74,230.65

0.110774493

Weak

50 37' 29.18''

7 49' 41.97''

221

6

44.90

79.80

631.0

50,353.80

0.126465927

Weak

50 43' 28.32''

7 44' 35.05'

210

6

50.62

73.98

818.6

60,560.03

0.090373809

Poor

0

7
8
9
10
11

AKANU OHAFIA
AMANGWU
OHAFIA
ASAGA
(BIAKPAN RD)
ELU COMM. PRI.
SCHOOL
ELU OHAFIA 2

0

0

12

EBEM OHAFIA

13

AMEKPU OHAFIA
NEW ABIRIBA
LAYOUT

14

Poor

5 43' 04.7''

Moderate

Moderate
Poor

BENDE LOCAL GOVERNMENT
15
16
17
18
19
20
21
22
23
24

UZO-ITEM UZOAKOLI

0

70 34' 11.2''

104

5

49.60

77.4

548.0

42,415.20

0.141240876

AMEKE ALAYI
NDI-ELU
UGWUEKE
OKOITEM
BENDE
ETITIAMA
NKPORO
EDDA -ABIRIBA
RD.

50 43 45.78''

70 36' 0.45''

165

6

50.10

75.9

367.0

27,855.30

0.206811989

50 53' 19.65''

70 35' 24.88''

148

6

-

-

-

-

-

50 45 4.5''

7o 38' 16.90''

162

6

51.35

73.15

2,745.0

200,796.75

0.026648452

50 46 19.84''

70 45' 29.21''

123

5 46 26.64''

7 45' 32.29''

156

ONUINYANG
UZOAKOLI
TOWN

50 33 19.84''

70 45' 29.29''

120

5o 38' 24.2"

7o 32' 56.3"

120

OMIMI TOWN

50 33' 20.0'

7o 38' 32.8''

142

6

-

-

-

-

-

6

52.40

72.50

263.7

19,118.25

0.274933637

Moderate

5

53.47

72.23

364.3

26,313.39

0.198270656

Weak

6

50.30

76.70

102.0

7,823.40

0.751960784

Good

5

38.70

81.00

960.4

77,792.40

0.084339858

Poor

0

0

0

o

LODU IMEYI
IGBERE
BENDE

5 38' 35.0'

7 32' 39.4''

205

5o 43' 20.0"

7o 38' 16.8"

143

26

ELUGWUMBA

5o 37.5' 1.9"

7o 35' 18.0"

182

27

EZIALA- ALAYI

5o 43' 39.9"

7o 35' 19.8"

136

25

Weak

5 38 9.5''

6

-

-

-

-

-

6

51.30

73.77

387.0

28,548.99

0.190620155

6

--

--

--

-

-

6

--

--

--

-

-

7

Moderate

Poor

Weak
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28

29

30

AMAOKPU NKPA
1

5o 39' 47.5"

7o 30' 19.6"

134

AMAOKPU NKPA
2

5o 39' 48.4"

7o 30' 19.6"

136

AKOLI IMENYI

5o 40' 14.0"

7o 33' 06.5"

114

6

51.35

73.25

233.6

17,111.20

0.313570205

Moderate

5

26.37

98.53

1,691.0

166,614.2

0.058267297

Poor

6

25.30

99.70

286.0

28,514.20

0.348601399

89.03
91.55

615.9
1,199.0

54,833.58
109,768.45

0.144552687
0.076355296

Moderate

AROCHUKWU LOCAL GOVERNMENT
31
32

NDI OJIAKU ABAM

50 35' 53.2'

7o 42' 54.0''

46

AMEKE ABAM

50 35' 46.7'

7o 40' 59.2''

126

6
6

37.17
33.60

Weak
Poor
Moderate

33

AMUVI (ARO)

50 23' 48.9'

7o 45' 28.6''

26

6

41.54

84.86

127.4

10,811.16

0.666091052

34

COLL. OF EDU.
AMANAGWU

5 22 48.6'

7o 54' 28.6''

35

5

41.54

83.36

187.0

15,588.32

0.445775401

UGWUAKUMA
UTUTU

50 25' 1.52'

7o 54' 20.45''

120

6

38.70

88.30

1,327.0

117,174.10

0.06654107

36

EZIAMA

50 26' 3.68'

7o 53' 52.7''

151

5

32.60

92.80

2,859.0

265,315.20

0.032458902

37

UMU UZOMGBO

5026' 57.88'

7o 53' 55.90''

197

6

33.60

91.60

1,555.7

142,502.12

0.058880247

38

AMAMIRI IHE

50 30' 26.02'

7o 52' 11.81''

218

6

45.49

80.71

202.8

16,367.99

0.397978304

39

IHECHIOWA 1

50 30' 25.98'

7o 52' 14.72''

209

5

35.70

90.20

2,917.0

263,113.40

0.03092218

Poor

40

NDI-EMEME ABAM

50

7o

44' 14.9''

45

5

33.60

91.8

316.0

29,008.80

0.290506329

Moderate

41

NDI – OKEREKE

50 32' 52.4'

7o 46' 32.6''

67

6

-

-

-

-

42

NDI-OKORIE ABAM

50 33' 48.9'

7o 45' 28.6''

95

5

38.75

86.55

406.2

35,156.61

0.213072378

Moderate

43

NDE - ITE ABAM

50 34' 48 2'

7o 39' 09.4''

60

6

36.34

89.96

1,143.0

102,824.28

0.078705162

Poor

44

ABIA AGRIC OZUABAM

50 33' 48.9'

7o 45' 28.6''

60

6

-

-

-

-

-

35

34' 10.6'

8

-

Moderate
Poor
Poor
Poor
Moderate
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The elevation map (Fig. 5), shows that the elevation of the area ranged from 20m - 220m above sea level,
signifying a mixed landscape of lowlands, valleys and highlands. Highlands dominate the North-central,
SW and SE areas, stretching from Alayi (Bende) in the SW - Abiriba (Ohafia) to Ebem Ohafia in the
North central and Ututu (Arochukwu) in the Southeast. The southern areas are characterized by low lands
and valleys flanking the highlands.
m
m

Fig. 5: Elevation map of the area

Fig. 6: Aquifer resistivity map of the area

The aquifer resistivity map shows a variable resistivity structure and distribution in the areas (Fig. 6).
High aquifer resistivities were delineated in Bende (Okoitem) to the NW, Ohafia (Okagwe) North central
and Arochukwu (Ihechiowa) to the SE. Aquifer resistivities vary from 2,745.0m in Okoitem in Bende
through Okagwe in Ohafia with highest aquifer resistivity of 4,313.0m and Ihechiowa in Arochukwu
with resistivity 2,917.0m. The North central parts exhibit higher aquifer resistivities than the SW, while
the SE is intermediate. These high resistivity areas are associated with the sandstones of the Ajali
Formation in the Anambra basin. Low resistivities were delineated to the NW in Bende (Uzoakoli), NE in
Ohafia (Edda to Abiriba Rd.) and to the Southern parts coinciding with the shale lithofacies of Nsukka,
Imo and Ameki Formations.
Aquifer depths vary from 22m to 68m spatially in the study area (Fig.7). Aquifer depths >40m were
delineated in parts of Bende (Igbere) and Ohafia (Abiriba) to the North and Arochukwu (Ndi Nduma
Ania) area to the SE. Aquifer depths <36m were delineated in Bende (Amaokpu) to the SW, Ohafia
(Abam to Elu region) to the North central and Arochukwu (Eziama) to the SE. Aquifer depths >40m
signifies large depths to the water table and corresponding deeper aquifers while aquifer depths <36m
signifies shallow water table and aquifers, respectively, in the areas.
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Fig. 7: Depth to aquifer map of the study area

Fig. 8: Aquifer thickness map of the area
Aquifer thickness map shows aquifer thickness varying from 63.5m to 98.84m across the area (Fig. 8).
Aquifer thicknesses >80m were delineated to the SW in Bende (Amaokpu), North central in Ohafia (Elu –
Amaekpu region) and SE in Arochukwu (Eziama) areas. Aquifer thicknesses < 74m were delineated in
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Bende to the North and (Uzoakoli) to the SW and Arochukwu to the SE (Ndi-Uduma Ania). These
indicate aquifers with mid to high thicknesses and storability.
Aquifer transverse resistance varies spatially across the area ranging from 7,823.40 (Elugwumba) to
338,829.28 (Okagwe) (Fig.9). Aquifer transverse resistance >10,0000 m2 were delineated in Bende
(Okoitem) to the SW, Ohafia (Okagwe and Ndiaku) in the North central and Arochukwu (Eziama and
Ihechiowa) to the SE. Aquifer transverse resistance <80,000m2 were delineated in Bende (Uzoakoli) to
the SW, Ohafia (Ndi Udumaukwu) to the NE and South and Arochukwu (College of Education,
Amanagwu) to the SE. Aquifer transverse resistance measures the relative ease of ground water flow or
permeability through the formations. It’s high in the NW, North central and SE areas and low in the NE
and southern parts of the study areas.

Fig. 9: Transverse resistance map of the area
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Fig.10: Long. Conductance map of the area
The longitudinal conductance varies from 0.05 mhos – 0.75 mhos in the area (Fig. 10). Conductance
values > 0.3 mhos were delineated in Bende (Elugwumba) to the west, Ohafia (Elu Comm.Sch.) to the
North central and Arochukwu (Amuvi) to the SE. Conductance values <0.25 mhos were delineated in
Bende (Alayi - Okoitem) to the SW, Ohafia to the North central and Arochukwu (Eziama-Ututu) to the
SE. Conductance values > 0.3 mhos indicates significant impermeability of the aquifer overburden
materials with high aquifer protection due to clay and shale formations, while conductance values <0.25
mhos indicates less impermeability of the aquifer overburden materials with low aquifer protection due to
decreasing shale content.
Groundwater potentials of the study area were evaluated based on the aquifer transverse resistance (Fig
11). According to Okonkwo and Ujam, (2013), Obiora and Ibuot, (2020), groundwater potentials are
categorized into poor, low, moderate, good and high potentials. In this study values < 10,000 – 40,000
m2) are classified as poor, low (˃40,000 m2 – 80,000m2), moderate (˃80,000m2 - 140,000 m2),
good (˃140,000m2 – 180,000m2) and high (˃18000m2).
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Fig. 11: Groundwater potential map of the area.
Areas of high groundwater potentials include Bende (Amaokpu and Okoitem) to SW, Ohafia (Akanu and
Okagwe) to the North central and Arochukwu (Ihechiowa – Eziama areas) to the SE. These areas depict
high transverse resistance (or permeability), with expected high aquifer yield. Areas such as Alayi in
Bende to SW, Abiriba in Ohafia to the North central, Ameke-Abam and Nde-Ite in Arochukwu to the
South depict moderate groundwater potentials. Uzoakoli area in Bende to SW, Nkporo in Ohafia to the
North central and the Abam area in Arochukwu showed low potentials. Poor aquifer potentials signify
low transverse resistance (or permeability) and poor aquifer yield.
5.0
DISCUSSION OF RESULTS
Quantitative interpretation of VES curves from Ohafia, Bende and Arochukwu LGA’s were used to
estimate geoelectric parameters such as depths, thicknesses and resistivities of the aquifer units in the
studied areas. Generally, the curves exhibits alternate high and low resistivity signatures with depth and a
characteristic 5 – 6 geoelectric layers. The geoelectric section of the areas show that the lithology is
dominated by thin loamy/humus to lateritic topsoil, sandstone beds that constitute the aquifer units and
the impermeable beds of shale. These lithofacies vary significantly with depths and thicknesses across
the area. Results show that sandstone lithofacie is the most dominant and widespread in the area. Bende is
the most shaly, Ohafia the least and Arochukwu is intermediate. Aquiferious units were delineated in the
3rd to 4th geoelectric layers, with characteristic resistivity of 102 m - 4,313m, depth and thickness of
25.3m – 68.36m and 63.5m - 98.84m respectively.
Contour maps of elevation, geo-electric as well as Dar-Zarouk parameters of the aquifer units were
analyzed for quantitative assessment of groundwater potentials and aquifer protection in the areas.
Aquifer resistivity map showed low and high resistivity distributions across the area due to the subsurface
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geology. Aquifer resistivity of the areas vary from 102m - 4,313m. Aquifer units were delineated in
Okoitem, Ndiaku (Ohafia), Ihechiowa, Eziama and Ututu (Arochukwu) mostly in the highlands, with
average resistivity of 2,349.20 m, average depth and thickness of 38.18m and 87.85m respectively.
These areas are underlain by the false bedded sandstone of the Ajali Formation with characteristic high
porosities and permeabilities. The impermeable shale units of the Nsukka, Imo and Bende Formations
were delineated southward in Ugwueke, Etitiama, Onuinyang, Omimi and Uzoakoli (Bende), Amangwu,
Udumaukwu, Elu Comm. Sch.(Ohafia) and Abam in Arochukwu, with average resistivity of 83.2m,
average depth and thickness of 124m and 61.12 m respectively. These formations are aquitards and form
the major seal for the underlying aquiferious units of the Ajali Formation.
Aquifer depth varies across the area in line with sea level elevation. Aquifer depth and elevation maps
show a correlation between depth to aquifer and topography of the land surface. Depth to the aquifers
follows the elevation, being deep in the highlands and shallow in the lowlands and valleys. Deep aquifers
were delineated in Igbere (Bende), Abiriba, Asaga and Ndi Nduma Ania (Ohafia) mostly in the uplands
areas. Shallow aquifers were mapped in Ndi Udumaukwu (Ohafia), Amaokpu Nkpa, Akoli, Eziala
(Bende), Amanagwu, Amuvi, Nde–Ite, Ameke Abam, Ndi-Ememe, Ndi Ojiaku Abam (Arochukwu) in
the lowlands and valleys.
In contrast to the elevation, aquifer depths vary inversely with the thickness. Aquifer thickness are high
in Akanu, Elu (Ohafia), Nkpa, Imeyi (Bende) and Nde–Ite, Ameke Abam, Ndi-Ememe, Ndi Ojiaku Abam
(Arochukwu) with corresponding low aquifer depth, while low aquifer thicknesses correlates with high
aquifer depths in areas such as Igbere, Alayi, Okoitem (Bende) and Ndi-Uduma, Ania, Asaga in Ohafia.
The study shows that the deeper the aquifer, the less the aquifer thickness because of increasing fines with
depth. This has serious implications on the sustainability of deep and less thick aquifers and potability of
shallow and thick aquifers due to surface induced contaminations.
Transverse resistance is an important parameter in groundwater potential evaluation. It is closely related
to transmissivity (or permeability) of the aquifer (Ugada et al., 2013). High aquifer transverse resistance
correlates with areas of high aquifer transmissivity and vice versa. Ebem, Elu, Abiriba, Akanu and
Okagwe (Ohafia), Okoitem, Amaokpu Nkpa 2 and Eziala Alayi (Bende), Amanagwu, and Ututu
(Arochukwu) exhibits high transverse resistance values and underlain by the Ajali sandstone Formation in
the high lands with characteristics high permeability, porosity and groundwater yield. Uzuoakoli, Abam,
and Amuvi is underlain by the impermeable shale units of the Nsukka, Imo and Bende Formations in the
lowlands and valleys with low transverse resistance values and characterized by low transmissivity,
porosity and groundwater yield (Chukwu et al., 2015).
The longitudinal conductance (or aquifer protective capacity) measures the ability of the aquifer
overburden materials to retard and filter percolating fluids that has bearing to the physical and chemical
characteristics of groundwater. Shale formations in contrast to sands are impermeable and exhibits high
residence times for contaminant fluid migration through the soil media (Iserhien-Emekeme et al., 2017:
Aweto, 2011). Evaluation of the protective capacity of the aquifer system is therefore, based on the
longitudinal conductance of the shale overburden materials. Nkpa (Bende), Asaga (Ohafia) and Ndi
Okereke (Arochukwu), Elugwumba (Bende), Elu Comm.Sch. (Ohafia) and Amuvi (Arochukwu) in the
lowlands and valleys exhibit moderate to high longitudinal conductance (or protective capacity) and
therefore, the aquifer units in these areas are less prone to contaminations. Alayi (Bende), Okagwe
(Ohafia) and Ututu (Arochukwu) in the highlands falls within areas of poor to weak protective capacities
and therefore, prone to surface induced contaminations.
From the present study, it is obvious that areas of high aquifer thickness and transverse resistance and low
longitudinal conductance correlate with areas of high groundwater potentials and poor aquifer protection .
The ground water potential of the area showed poor, moderate to high potentials. Moderate to high
potentials were delineated in the upland areas underlain by Ajali sandstone Formation and consist of
Amaokpu and Okoitem (Bende), Ndiaku, Okagwe and Abiriba (Ohafia) and Ihechiowa and Ututu
(Arochukwu) with poor aquifer protection. The large aquifer depths in these areas confer some level of
protection on the groundwater resources. These areas are suitable for development of sustainable
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boreholes for potable groundwater supplies. Uzoakoli (Bende), Nkporo and Asaga (Ohafia) and Abam
(Arochukwu) exhibit poor groundwater potentials and high aquifer protection. Borehole development
will be unsustainable with the attendant water scarcity due to thick impermeable shale layers in these
areas.
6.0
CONCLUSION
Groundwater potentials and aquifer protection have been evaluated using VES data from forty four (44)
locations in the studied areas. Geoelectric interpretation delineated a characteristic 5-6 geoelectric layers
with three dominant lithologies namely; a thin loamy/humus to lateritic topsoil, sandstone and shale beds
with varying depths and thicknesses across the areas. Sandstone is the dominant lithofacie and aquifer
units were delineated in the 3rd to 4th geoelectric layers with resistivity of 102 m - 4,313m, depth and
thickness of 25.3m – 68.36m and 63.5m - 98.84m respectively. Aquifer depth correlates with the
elevation of the areas being deep in the highlands and shallow in the lowlands and valleys. The aquifer
depth also correlates inversely with the aquifer thickness. The deeper the aquifer is, the less the aquifer
thickness. This is attributed to increasing fines with depth in the studied areas.
The study revealed that high aquifer thickness and transverse resistance and low longitudinal conductance
correlates with areas of moderate to high groundwater potentials and poor aquifer protection. However,
the large depths of the aquifer units in the absence of significant overburden impermeable shale
formations confer some level of protection on the groundwater resources in the areas. These include
Amaokpu and Okoitem (Bende), Ndiaku, Okagwe and Abiriba (Ohafia) and Ihechiowa and Ututu
(Arochukwu). These areas are suitable for the development of sustainable boreholes for potable
groundwater supplies. Uzoakoli (Bende), Nkporo and Asaga (Ohafia) and Abam (Arochukwu) exhibit
poor groundwater potentials and high aquifer protection. Borehole development will be unsustainable in
these areas due to the shale impermeable layers limiting the amount of water that percolates into the
aquifers with the attendant scarcity of water supplies in the areas.
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