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for a selected part of Gidan Kwano campus in the Federal University of T eahno]ag} Minna, Niger S,
- Nigeria. Multispectral image analysis and GIS were used to analyze satellite images coverin 2 Miing
" metropolis. Image pre-processing (image enhancement and filtering) and image classification were done
to identify zones of ground water potential in the study area (Gidan Kwano Campus of FUTMinn ). The
~ zones of ground water potential were classified into four different c(asses (namely: excellent, good, very
fair and poor) based on their capability to store water. It is found that about 6.92% of the area can be
identified as excellent zones of groundwater potential while 45.99%, 43.72% and 3.38% of the remairing
area fall under good, very fair and poor zones of groundwater potential respectively. Validation of resuls
was done using the Global Positioning System (GPS) and the existing borehole(s) poinis in study area.
Keywords: Groundwater potential, Remote Sensing, Land use/land cover, Satellite Images, ArcGIS.

Introduction : : iy
The use of GIS and Remote Sensing in Hydrological Engineering has become widespread. It holds much
promise in improving the location of zones of groundwater potential of a basin and thus the probability ’far
water extraction for irrigation, domestic and industria] uses (Kumar et al, 2007). The ability of GIS 1
integrate advanced technologies (Murthy et al, 2003) such as GPS, surveillance cameras, and groundwater

anslysic; 10 this end, the ranking gis  2mer o Water potential were obtained o

. ; £ (201 G)'pmpds‘ed 4 standard axﬁﬂxﬁdéiegy
Sensing, GIS

: and multi-criteria
13 envitonmeny 1y po. Were miegrated by weighted
Bround water s ;
"mmg#

information o . | ‘
; 2 groundwager oo

: ential map. The
Bround water explgj ’

'vf:i"‘""“’n‘"" L : & % Ot 7{‘ :\“~ La gt i
2509 especially -"J’rhff, rebiole ds p mll&‘ii s Lﬁllca_} iy : 5o
S : T : fahon (Yeh ot af,




s v

AR s o

T RO

P

Fig. 2
Data Acquisition

Acquisition of data for the execution
as Totwal-station for topographical da
obtained as secondary data from Sy
Technology Minna. Satellite imag
used for tius study was obtaine

of this study

d from the

Methods

Satelhite images obtamed from Survcymg

Catchment delineation and dramage

generated using ArcGIS softw are. Digital imag

TP

Digitized and Satellite Imagery of FUT Minna

ta. GPS for spatia] dat
Irveving and geo-info
ery known as Eargy Res

Surveying angd Geo-in

and Ge
extracton were

€ processy

ST VDl U SV ey o L T eI T]

Mo,
UL IS B AONO ¢ ey

Y3

Gidan Kwano Campus

Was carried out using digital surveying
aand the derived attributes
rmatics department of the
ource Map by (ERDAS EC
formagi

equipment such
data, but these were
Federal Universitv of
W) of Minna that was
¢S department of the school

O-tnformatics departmen; FUT Minna were w
done usiig ARCMAP

sed
module Maps are
12 (tmace

enhancey went,

image filtering, o :
1€ extraction of linear features. land use/cover, erc wys ‘armied out which w as i d for ;\3;,,, 12
Imeaments and for landf WM mepping. Freld feConnassan e HomMaton a3 level of accuracy w STT U
exanune the parameters m“zwm‘mg Zones  of groundwarer not
dramaye flow density, land uselang COVer umits. Thege are the
ArcGIS Ranking and weights (Ranking and w e1ghting Nigue
these parame Lach unn weight Mciors wepe ;




lﬂln h‘f

This Proces durd

ur clagsus s

such as bxeelient, good, very fa and poor b

p m}mg\x: tor all the other layers. The zones

CHESR I e L D UL
3L 8 {3 Ol .-.k:a}(u*v iui‘)(ﬂ'}dhg*ﬂ :\a\'.i'i,t

of groundwater polential were claas

ased on their capability o siore water

data i Y ; : 1 (GIS) and analvzed to assess the groundwater
;-:.»H'i“'*"!;“ Futliy groundwiier potential map was prepared based on GIS anal y51s 4% shown in
Fig
S o,
o o e Y
i »OURCES OF g
: E i
¥ A,‘r'?&l f i
b ) v ph
,L“M ; Q%f‘mo% :
e ™ : i A
& > Ry @M\
SATELLITE DATA \ N - ””3 FELDSTUDY
x“)Ll- FD) 3 & SPA”AL Dl"f\
¢ - 7/ { (%Y (Soil type}
m‘f
s
v \ 2 : &
PROCESSING ' (Digital Elevati
{ ngu.a E fvanon Model) INFORMATION
INTERPRETATION OF
LAND USE/ COVER
o GISPROCESSING L
Building Geo
~ database
MAP
Map COVER ETWORK l WIREFRAME

:

GIS/ SPATIAL
ANALYSIS

GROUNDWATER POTENTIAL
MAP

Fig. 3.0: Organo-gram of the Study

221




Satellite Imagery and GPS
The imagery in digital fommt. w
Surveying and Geo informatics er g
was used to select the waypoints; It has an a

as downloade
artment, Federal
of

Table 1: Boundary Coordin
KWANO BOUNDARY COORDINATES)

4 from Google earth

ates of the Study Area p

pro software (2011) as recordeq by

University of Technology, Minna. Hand-he|q GP:

2 m as shown in Table 1.

icked by Hand-held GPS (FUT, GIDAy

S/NO. DESCRIPTION  EASTINGS (m) NORTHINGS (m)
: 218881.89 1054312.42

PGO1 Perimeter

2 Perimeter 218893.56 1054374.24
PGO3 Perimeter 218992.74 1054568.56
PGO4 Perimeter 219005.18 1054820.97
PGOS Perimeter 219160.434 1054860.09
PGO6 Perimeter 219321.42 1054829.36
PGO7 Perimeter 219437.08 1055164.05
PGOS Perimeter 219535.26 1055214.10
PG09 Perimeter 219821.48 1055217.91
PG10 Perimeter 220214.54 105552.05
PG1] Perimeter 220577.87 1055123.37
:g:; ;::2?; zgszsgs 1055065.86
PG14 D 220533-; 1054677.76
PG15 Beiniee 220299-09 1054350.61
PGI6 =  Perimeter 219991-55 1054044.42
PG17 Perimatic 219946-44 1053817.95
PG18 Perimeter 219750'6 1053797 42
PG19 Perimeter 219594.82 1053762.83
0 Peimeter ' 1053678.39
Rzt . 219374.64 1053769.62

wlimoes 219244 52 ‘
PG22 Perimeter 1054031 38
PG23 Perimeter 219261.98 105421213
219063.12 '

Vectorization

Vectorization proc
€85 was carried out f
or featureg su
ch
Results and Discussion

Generation of Digital Elevation Mod

el 5
was done i ArcGl (DLM)

as buildj
ngs .
88, roads, walkways and drainages only.

se, mg as d
dase map genéraled are as ShO\V i F
v the b 2 N in lg 4

222

S and the th ' DE
Cmatjc ma 4
PS with the Digital Ele\'ation Model
odel (DEM)




Fig 4: Base Map generated from x,y,z coordinate
Contour Line as Basis for Slope Steepness

The contour line which forms the basis for slope steepness is shown in Fig. 5.
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Fig. 5: Contour Map of the Gidan Kwano Campus FUT Minna

Land Use/Land Cover

Land use/land cover is an essential factor to consider as one of the parameters that influence groundwater
potential of a particular zone (the study area specifically). The land use/cover map of the area was
interpreted from satellite imagery achieved through remote sensing by using visual interpretation and by
on-screen vectorization of the features on the land surface. After detailed analysis in GIS integrated with
remote sensed data, the classification of land use/cover for analysis was carried out based on their rate of
infiltration and water holding capacity. It was observed from analysis that, generally, settlements are found
1o be the least suitable for infiltration. Figure 6 show the detailed map for the land use/land cover of the
study area.
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Fig. 7: The Drainage network map of the study area

In Fig. 7, the satellite imagery layer was off and the drainage network lines were shown. The network was
generated in blue colour and encamped by the boundary line (black). The drainage network of the project
area gives the major water way/drains, present in the project area and is denser in the hostel area and Staff
Quarter. Observation on drainage amount was done over a wide range of geologic and climatic type; the
findings indicate a low drainage density is more likely to occur in this region, high resistant permeable
subsoil material under dense vegetative cover and low slope. Weak or impermeable subsurface material is
as a result of high drainage density, sparse vegetation and mountainous relief. Low drainage density leads
to coarse drainage texture while high drainage density leads to fine drainage texture. The drainage density
characterizes the quantity of relative rainwater that could have infiltrated. Hence the lesser the drainage

amount, the higher is the probability of potential groundwater zone. Figure7 shows the Drainage network
map of the study area.
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Fig.7: The Drainage network map of the study area
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Fig. 10: Aspect Map of Gidan Kwano Campus of FUT Minna

Aspect map was derived from DEM which serves as the base map. It identifies the down slope direction of
the maximum rate of change in value from each cell to its neighbour. The ash coloured surface indicate the
area of flat terrain which is hardly noticed over the entire land of the study area. This is accounted for by
the nature or natural topography of the land (flat slopes that had no direction and are given a value of -1).
The information can be used to locate zones of groundwater potential since temperature has a greater
influence on the rate of evaporation to depth of groundwater table. The rate at which the vegetation on this
type of terrain will absorb sunlight will be greater. It wiil absolutely leads to increase in the rate of evapo-
transpiration especially in the south-east, south-west and west where there is presence of colour band; i.e
green, blue and light blue. Aspect map give much details about soil classification (sandy, loamy, clavey)
regarding their percolation and permeability rate. All these were justified in the Table 4.

Table 4: Aspect Map degree values

Class Degree of slope (0-360°) Category
I -1 Very good
2 0-112.5 Good
3 112.5-247.5 Very fair
4 247.5 - 360 Fair
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Table 6: Zones of groundwater potential of the study area

S/Neo Potential zones Area (ha) Area (%)
1 Excellent 6.17 6.92
2 Good 41.019 45.99
3 Very fair 39.0049 4372
4 e
Poor 3.016 3.38
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2. Rank and weight for different factors of zones of groundwater potential

Jable Classes X
Tactor -lasses Groundwater Weight Rank
potential (%)

m i . -:i Very poor I
(m/m?) = Poor 2
9-132 Very good 20 4

64 - 128 Good 3

e classes Nearly level (0.013°-421% Very good 4
Slop Gently sloping (4.219 - 12.87% Good 3
Moderately stoping(12.87° - 30.02%) Poor 30 3

Strong sloping (30.02" - 60.74%) Very poor 1

Land us¢/ Buildings Very poor 4

land cover Roads Poor 2
(hectare) Walk ways Poor 30 2
Drainage Good 3

Aspect -1 Good 3

(Soil info) 0-1125 Very good -
112.5-2475 Good 20 3

247.5 - 360 Very poor 1

—

validation of Result

The validity of the result obtained was tested against the borehole data collected using hand held Global
Positioning System (GPS), where out of 13 (yield borehole) data collected from the study area two (2) fell
on excellent zones, 7 on good zones, 3 on very fair and 2 on poor zones. Table 8 shows Borehole data from
different parts of the project area. Figure 15 shows existing borehole distribution of zones of ground water

potential over the entire area.

Table 8: Borehole (x, y coordinates) data from different parts of the project area

NO EASTING NORTHING LOCATION DEPTH DISTRIBUTION CLASS
(m) AREA(S)
] 219976 1054696 ENGINEERING COMPLEX 57 4 ELECTRICALLY
OPERATED
2 219651 1054652 SCHOOL CLINIC 57 2 ELECTRICALLY
OPERATED
3 219981 1054877 CODEL (CIVIL LAB.) 73.77 4 ELECTRICALLY
OPERATED
4 219928 1054991 CODEL 2 (CIVIL LAB.) 57 1 MANUAL
5 220250 1055046 OLD CAFETERIA 57 1 MANUAL
6 220288 1054895 ENVIRONMENTAL 16.77 3 ELECTRICALLY
COMPLEX OPERATED
7 220386 1054879 FRONT OF SENATE CAR 57 3 ELECTRICALLY
PARK OPERATED
& 220413 1054781 SENATE PRINCIPAL CAR 57 1 ELECTRICALLY
PARK OPERATED
Y 220434 1054661  FIRST BANK LT. AGRIC 57 2 ELECTRICALLY
OPERATED
10 220294 1054583 SCHOOL OF 1.C.T 57 1 ELECTRICALLY
OPERATED
1 220236 1054614 FUTMINNA/SNEPCO 57 1 ELECTRICALLY
y OPERATED
12 220139 1034639 COMMERCIAL COMPLEX 73.77 2 ELECTRICALLY
. OPERATED
i3 219741 1054060 STAFF QUARTERS 57 1 ELECTRICALLY
—— OPFRATED
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