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Abstract
Groundwater resources are unevenly distributed in the crystalline bastmeit of Nigeria. Hencehe sustainable
development and management of groundwater resource in such texgaires precise quantitative assessment based on
scientific principle and modern techniquékhis study deals with the integrated approach of remote sensingar@S
Analytical Hierarchy Process (AHP) in modelling groundwater potential zoitieis Jos, Northcentral Nigeria. Nigeria Sat
- X, ASTER GDEM, topographic and geological maps of the studg are used to generate the various themes; lineaments,
geology, drainage, geomorphology, surface water body and.slbiematic weights are assign to the various layers AHP.
The groundwater potential model of the area is produce by integratingjfiérent thematic layers using Weighted Index
Overlay Analysis (MOA) in ArcGIS. Five different potential zsmamely; very high, high, moderate, low and very low are
determined. The groundwater potential map reveals that some partsrinrtheestern, parts of the northeastern and a
portion in the extreme southwestern of the study area have vergotmntial. Low potential is observed in the extreme
northwestern, some areas in the northeast and some southwesternfphesstudy area. The north central, some
northwestern and northeastern as well as southern parts generally exioitéésate potential. The high and very high
groundwater potentiality of the study area is restricted to some parts iortheest, northeast and few places in the central
and southwestern part of the study area. Borehole data obtained&boreholes within the study area where used to

validate the groundwater potential of the study area, from which 69.29% aeiheaith the groundwater potential model.

Keywords: GroundwaterModelling, Potential, Remote Sensing and GIS.

1. INTRODUCTION

Groundwater is one of the most valuable natural resources. It supports human health, economi
development and ecological diversity. Due to its several inherent qualities (such as consisten
temperature, widespread and continuous availability, excellent natural quality, limited vulnerability, low

development cost and drought reliability), it has become an important and dependable source of wate
supplies in all climatic regions including both urban and rural areas of developed and developing
countries (Todd and Mays, 2005).

The occurrence and movement of groundwater in an area is governed by several fact@s such
topography, lithology, geological structure, depth of weathering, slope, land use/ land cover (LULC),

and interrelationship between these factors. To understand groundwater prospects of an area, integrati
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of different thematic layers is required. The occurrence of groundwater at any place on tisenedrdh

matter of chance but a consequence of the interaction of the climatic, geological, hydrological,
physiographical and ecological factors. Groundwater exploration operation is essentially a
hydrogeological and geophysical inference operation and is dependent on the correctatitermiet

the hydrological indicators and evidences (Ravindran, 2012).

Satellite remote sensing provides an opportunity for better observation and more systematic analysis ¢
various geomorphic units, landforms and lineaments due to the synoptic and multi-spectral coverage of
terrain. Hence, remotely sensed data by its wide area coverage and multispectral natureethas help

identification and mapping of most of the above factors with selective ground checks in a cost-effective
manner. An integrated analysis of these factors together with the available well and ancillary data in GIS

environment were helpful in identifying the potential and evaluating groundwater zones.

The study area, Jos and environs, is situated in Plateau State Northcentral Nigeria. livkes bet
latitudes 945’ 40.9” N and 9° 58’ 52.8" N and longitudes 8" 48’ 31.5” E and 9° 00’ 00" E. The study aee

has an estimated area of 242.392ki is located in Jos North, Jos South and Jos East Local
Government Areas of Plateau State (Fig 1.1). The area is accessible in different parts by major roa
network, secondary roads and many minor roads. Several footpaths interconnect neighborhoods withi

the township.
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Figure 1: Location Map of the Study Area (Source: Authors)
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2. MATERIAL AND METHODS

2.1. Data

Five (5) data sets were used for this study:
1. NigeriaSat- X. (Source: NCRS Jos).

2. ASTER GDEM image ASTGTM_NO9EOQQ9 of L2 processing level, acquired on 6/10/2003 from
GLCF.

3. Geological map of Naraguta Sheet 168 1: 100,000 sereies (Source: Nigeria Geological Survey
Agency).

4. Topographical map of Naraguta Sheet 168 NE, 1: 50,000 series produced and published by Federal
Surveys Nigeria. (Source: NCRS Jos).

5. Borehole data
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Figure 2: Borehole location map

2.2. Method of study

The topographic map Naraguta NE sheet 168 NE 1:50,000 series and geological map of the study are
which was extracted from the Geological Survey of Nigeria 1: 100,000 series Naraguta sheet 168 wer:
scanned and saved in TIFF format after which they were imported into ILWIS environment and
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subsequently georeferenced. Various layers were created from the geoeefetepaographic and

geological maps by on-screen digitization using ILWIS.

Digitizing is a process of converting an image into vector format. On screen digitizing was done in
ArcGIS environment. Various layers of linear features; (roads and drainage), point features (settlement

and area features (lithological units, geomorphology and surface water bodies) were all digitized.

ILWIS software was used for digital image processing, while image enhancement including filtering and
edge enhancement was carried out in order to improve the interpretability or perception of information
in images for the viewer and also to provide better input for other automated image processing
techniques. From the satellite images (Landsat ETM and ASTEBDEM), the lineament and
lineament density map, Geomorphology map and slope map were prepared using ILWIS 3.1 and Ar
GIS 10.0.

Based on the Analytic Hierarchy Process (AHP) theory of measurement through pairwisdasmrmpa

the different thematic layers; geology, geomorphology, surface water body, drainage, lineadnent a
slope were assigned different weights according to their potential for groundwater. The Weighted Index
Overlay Analysis (WIOA) was used to generate the Groundwater Potential Model of the study area. This
was achieved by integrating all the thematic maps. This technique provides a method for combining
multiple thematic maps by applying a common measurement scale of values to the layers, weighting
each according to its importance, and adding them together to create an integrated map. $erihe pre
study the weighted overlay analysis has been carried out by giving weight to individual parasieters
class weights and thematic maps as weighted theme, according to their degree of prospect for generatil
Groundwater Potential map. The sequential steps for this study have been summarized in Figure

below;
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Figure 3: Work flow diagram for the study.
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RESULTSAND DISCUSSION

4.1. Analytic Hierarchy Process (AHP)
The different factors/ indicators were subjected to the pairwise comparisons matrix (Table 1) and

subsequently the thematic weights were obtained (Table 2

Tablel: Pairwise Comparison Matrix.

Lineament Geology Drainage = Geomorphology Surface  Slope Eigen

Density Density Water Vector
Body
Lineament Density 1 2 3 4 5 6 0.38
Geology 0.5 1 2 3 4 5 0.25
Drainage density 0.33 0.5 1 2 3 4 0.16
Geomorphology 0.25 0.33 0.5 1 2 3 0.11
Surface water Body 0.2 0.25 0.33 0.5 1 2 0.06
Slope 0.167 0.2 0.25 0.33 0.5 1 0.04
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Table 2: Thematic Weights and Ranking.
Theme Class Rank Weight (%)

High
Lineament Density Medium
38

Low

Very Low

Laterite
Geology Microgranite

Biotite — Granite Group 25

N bR~ W OO Wb OO

Rhyollite— Hornlende-
Biotite Group
Crystalline Basement
Very High
High
Drainage Density Medium 16
Low
Valley Fill
Geomorphology Pediments/ Plain 11
Rock Outcrops/ Inselbergs
86.76— 54824.50
54824.51- 286913.28

286913.28- 1193228.65

Surface Water Body

A N O N OO W O N © ©

0-2.87
2.87-6.03
Slope 6.03-11.01
11.10-18.10
18.10- 38.46

N b~ O N
N

4.2. Lineaments
Lineaments of the area were extracted from the Landsat ETM image of the study area (Figure 4)
Lineaments provide important information on surface and subsurface features that may control the

movement and or storage of groundwater.

Lineament density is the total length of all recorded lineaments divided by the area under consideration
The lineament density map for the area (Figure 5) was produced by interpolating the extracted
lineaments using kernel density. Figure 6 was reclassified to produce the reclassified lineament densit
map of the study area.
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Figure 5: Lineament Density Map of the Study area.
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Figure 6: Reclassified Lineament Density Map of the Study area.

4.3. Geology

Geology is a major factor controlling the quality and quantity of groundwater occurrence in a given area,
it is represented by the distribution of different rock units within the area. The geological map of the
study area (Fig. 4.4) shows the different lithologic units within the area. Figure 6 shows the reclassified
geological map of the study area.

4.4. Groundwater Potential M odel

The Groundwater Potential Map of the study area (Figure 7) was produced by intetiratisig
thematic layers (drainage density, lineament density, geology, geomorphology, surface waterdoody

slope) using Weighted Index Overlay Analysis (WIOA) in Arc GIS.

The groundwater potential zones have been categorized into five; Very high, high, moderate, low anc

very low
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Figure 7: Groundwater Potential map of the study area
4.4. Borehole potential
From the borehole data the borehole potential was classified into; Very high, high, moderate, low and

very low (Table 3).

In order to validate the classification of the groundwater potential zones as revealed by the integration o
Remote sensing, GIS and AHP in this study, the groundwater potential model was validated using the
Carruthers and Smith borehole yield template for groundwater prospect in Crystalline Basement terrain:
(Table 3.

The borehole data was superimposed on the groundwater potential map and the correspondin
groundwater potential base on the model was evaluated (Table 3). The frequency distribution of variou:
yields in different zones is presented in Figure 9. The percentage distribution of Borehole Potential
within the study area is given in Figure 10. Out of the 127 boreholes within the study area, those with
very high potential constitute 5% of the total and those with high potential cover 9%. 62% of the

boreholes are of moderate potential while 24% and 1% are of low and very low potentials respectively.

From result of the validation presented in Table 4.3 above.
Total number of boreholes within the study area = 127
Number of boreholes where there is coincidence with groundwater potential model = 88

g8
Accuracy assessment T X 100%

=69.29%
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Figure 8: Correlation of boreholes and groundwater potential model.

Table 3: Statistical table of borehole potential within the study area.

S/No

Groundwater Potential Interval (I/s Groundwater Potentia No. of Boreholes

g h W N

>2.5
15-25
1.0-1.49
0.5-0.99
0-0.499

Very High 2
High 8

Moderate 84
Low 28

Very Low 5

L/s: Liters per second
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Figure 10: Percentage distribution of Borehole Potential within the study area.

The occurrence and movement of groundwater in an area is governed by several layers, such &
topography, geology, geomorphology, structure, landuse, soil, rainfall, drainage density, groundwater
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depth and interrelationship between these layers (Jaiswal., 2003). Different thematic layers

(lineaments, geology, drainage, geomorphology, surface water body and slope) were extracted an

assigned weights using AHP MCDA method.

Lineaments provide important information on surface and subsurface features that may control the
movement and or storage of groundwater. Lineaments are the manifestation of linear features that ca
play a major role in identifying suitable sites for groundwater recharge (Chowdaryet al., 2009). They are
responsible for infiltration of surface runoff into subsurface and also for movement and storage of

groundwater (Rao et al., 2001).

The lineament density of the study area was categorized into four; high, medium, low and very low.
Areas with high lineament density are good for groundwater development (Sander, 2007). High values
of lineament density are recorded in the northeastern part of the study area, while the northwestern and
portion in the southwestern have medium density. The central and southeastern parts have very lo\

lineament density.

The study area comprises of the following geologic units; Crystalline Basement, Rhysibielende

— Biotite Group, Biotite — Granite Group, Microgranite and Laterite. Usually, massive
unfracturedlithologic units in Basement Complex setting has little influence on groundwater awailabilit
except in cases with secondary porosity through the development of weathered overburden and fracture
bedrock units, which form potential groundwater zones (Olutoyinet al., 2013). The zones underlain by
the Crystalline Basement and RhyolliteHornlende- Biotite Group offers the best sites for borehole
location while the areas underlain by BiotiteGranite and Microgranite are characterized by low

borehole potential.

The drainage network of the project area is the dentritic type which is typical of basenans.terr
Within the study area the river channels/ tributary are found in the Northwestern and northedstern pa
with few found in the southwestern and Southeastern parts. The drainage density which is expressed |
terms of length of channels per unit area indicates an expression of the closeness of spacing of channe
It thus provides a quantitative measure of the average length of river channels within different portions

of the whole study area.

The drainage density map is classified into five categories; very high, high, medium, low and very low.
The area of very high drainage density represents more closeness of drainage channels asd;vice ve

hence, the higher the drainage density, the greater the runoff while the lesser the drainage density, tt
lower the runoff and the higher the probability of recharge or potential groundwater zone. It is well

known that the denser the drainage network is, the less is the recharge rate and vice vetsal.(Edete

WWw.ijrp.org



Dauda, Dung Dung / International Journal of Research Publications (IJRP.ORG) @ IJRP 'ORG
ISSN: 2708-3578 (Online)

167
1998). Within the stdy area, the northeastern and northwestern are characterized by high to very high

drainage density, whereas the central and southeastern parts have very low drainage density.

In this study, three main geomorphological units were identified and delineated from the Landsat image
of the study area, they are; rock outcrops/ inselbergs, pediments/ plains and valley fills. Rock/outcrops
inselbergs cover 77.23 Kinwhereas pediments/ plains cover 150.47 &nal Valley fill cover 14.69kM

of the study area.

In groundwater exploration geomorphology plays an important role in identification of favorable

zone for groundwater. More promising groundwater is in flood plains, alluvial fans and valley fills that
are associated with thick alluvial and weathered materials to give high porosity and permeability.
Pediments generally are not favorable for groundwater potential zones (Verstappen, 1983). Valley fill
which constitute 12.70% is more favourable to groundwater potential than pediments/ plains and rock

outcrops/ inselbergs which constitute 58.18% and 29.12% respectively of the study area.

On the basis of slope, the study area is divided into five slope classe®,80, 2.87- 6.03, 6.03-

11.01, 11.0% 18.10 and 18.10 38.46. About 2/3 of the area is under nearly level to gentle slope (O
2.87 and 2.87) category. Slope plays significant role in infiltration vs. runoff. Infiltration is inversely
related to slope, i.e. more gentle the slope, infiltration would be more runoff would be less and vise
versa. Low slope (8 2.87 and 2.87 6.03) indicate the presence of high groundwater potential zones,
high slope (18.10- 38.46) shows the presence of poor groundwater potential zones, as water runs
rapidly off the surface. Therefore, groundwater potentiality is expected to be greater in the flat and

gently sloping area (Solomon, 2003 and Subba, 2006).

The Groundwater Potential Map of the study area was produced by integrating six layers using the
WIOA technique in ArcGIS. The groundwater potential of the study area is zoned into; very high, high,
moderate, low and very low. The groundwater potential map revealed that some parts in the
northwestern, parts of the northeastern and a portion in the extreme southwestern of the study are
generally have very low potential. Low potential is seen in the extreme northwestern, some areas in th
northeast and some southwestern parts of the study area. The north central, some northwestern a
northeastern as well as southern parts generally exhibits moderate potential. The high and very hig
groundwater potentiality of the study area is restricted to some parts in the northwest, northeast and fe
places in the central and southwestern part of the study area. By superimposing the borehole yields ¢
the groundwater potential model of the study area an assessment was carried out to ascertain the validi
of the borehole potential within the study area, 69.29% of the boreholes were in coincidence with the

groundwater potential model.
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5.CONCLUSIONS

The main objective of this study is to use remote sensing and GIS technique together with AHP MCDA
to determine the groundwater potential of the study area. Hence, in this study, remote Sensing, GIS an
AHP techniques have been successfully used to model the groundwater potential zones within the stuc
area. Six factors; drainage, lineaments, geology, geormophology, surface water body and slope whic
play major roles in groundwater occurrence and movement were considered. Thematic maps wer
prepared and assigned weights using AHP technique. The groundwater potential map was produce
using the WIOA tool in ArcGIS. The groundwater potential of the area is categorized into five; very
high, high, moderate, low and very low. The groundwater model was compared and validated using
borehole data obtained from different locations within the study area. The result showed a strong
significant correlation between the model and the borehole potential.
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