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Abstract

This paper centers on the investigation of the sutface condition of
Bayero University Kano Permanent site with the aiof understanding the
lithology and also to map out the groundwater patte within the area. To
achieve this, Resistivity, Time Domain Induced Puad#ation (IP) and Self-
Potential (SP) methods were adopted using VertiEdctrical Sounding (VES)
techniqgue. ABEM Terrameter SAS 1000 was used fore tsounding with
Schlumberger electrode array configuration and atab of 49 stations were
sounded. Some software’'s were used to analyze awerprete the measured
data. The result of the analysis shows that the aiie underlain by two to five
subsurface layers. The aquiferous zone of the stagdga occurs in the weathered
and fractured basement rocks. SP values were plbttagainst depths of
investigation. The peak SP values were used in tidfgimg areas with greater
depth of flow in the study area. From the analysi§ the overburden thickness,
aquifer thickness and SP values, the most favorabégions for groundwater
exploitation were VES 11(11.9734, 8.437fE), 13(11.977iN, 8.4343E)
19(11.9728N, 8.431PE) and 44(11.964%, 8.428JE). The suitability of the
groundwater in the area for drinking was assessewlat was found that it is safe
for drinking and other domestic usages. The investiion also provides
information about the subsurface condition with regds to engineering
construction and safe place for refuse dumping imder to avoid groundwater
contamination.
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1.0 Introduction

Access to clean water is a human right and a Ivegigirement for economic development [1]. As grouaittr becomes
more important and a source of uncontaminated watethods for locating good aquifers must becomeenedfficient

[2].

Understanding the subsurface structure is veryiarte construction engineers. This information atbthe subsurface
distribution of rock types proved essential to eegrs in three perspectives namely (i) gaining tstdeding of the
competence of the host environment of engineeriogksv (i) establishing the amount of earthwork regbdvhen

generating bill of quantity by Quantity Surveyonsda(iii) strategizing the positioning of lay out emsure a more
environmental friendly disposition of structures.

Electrical prospecting involves the detection offate effects produced by electric current flowthie ground. Using
electrical methods, one may measure potentialsecurand electromagnetic fields that occur natyrall or are

introduced artificially into the earth. Basicallyis the enormous variation in electrical condutfivound in different

rocks and minerals that makes this technique plessithis method which include resistivity methogostaneous
potential (SP) and induced polarization (IP) hagerbused over the years to study the subsurfagetgte as well as in
ground water prospecting.

2.0  Aim and Objectives
The aim of this work is to evaluate the subsurfeaedition of Bayero University, Kano permanent siging electrical
methods,
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The objectives of the study are:

a- To locate the ground water patterns within the Bayéniversity Kano permanent site.
b- To produce the aquifer thickness map of the studg a
c- To locate safe place for refuse dumping to avoaigdwater contamination.

2.1 Location, Geology and Hydrogeology of the Studirea

Bayero University, Kano New Campus is located altimg Gwarzo road in Ungoggo Local Government aniieg
between latitude 11.9698 to 11.9922N and longitudes 8.49E57%0 8.4398. It is located at the outskirt of the ancient
city of Kano state. The campus covers an area O4kBf.

The geology of the study area is the same athéano state in general(Figure 1). The rock tyiethe area are older
granites, sediments and older basement. The olasentent is composed of migmatite, biotite gneiss, lalended
gneiss. Migmatite is composite gneiss producechfgction of molten magma into schist host. Gnessmétamorphosed
granite and is grantic in composition, while bietgneiss is a foliated crystalline rock with higbtite content. Banded
gneiss has dark and light bands with a light fractdf quartz while the dark bands consist of keoptagiodase and
minerals [3].

Mohammed (1984) as quoted by Abubakar and Auwaindifated that aquifer of the Basement Complexanfi state
is the weathered and fracture rocks in which growater exists under water table condition. Watbletdays at a depth
generally less than 20m, and the maximum of boe=hidrely exceed 60m. Annual rainfall ranges fraer d000mm in
the extreme south to a little less than 800mm énetktreme north. The rain last 3 to 5 months [5]

-

Figure 1: Geologic Map of Kano State Showing Ungoggo, Thel$tAred 6]

3.0 Theory
The fundamental physical law used in resistivityveys is Ohm’s law that governs the flow of currenthe ground.
The equation for ohms law in vector form for cutrow in a continuous medium is given by [7]

J =0E )
Whereg is the conductivity of the mediurhjs the current density arilis the electric field intensity. In practice, what
we measured is the electric field potential whighelated to the field intensity as

E=-Vo 2
Combining equations 1 and 2, we get
] =—aVo ?3)

We consider a case of homogeneous subsurface sindla point current source on the ground surfacéhis case, the
current flows radially away from the source, ane plotential varies inversely with distance from therent source. The
equipotential surface has a hemisphere shape,tendurrent flow is perpendicular to the equipotnsurface. The
potential in this case is given by [7]

pl

=2 @)
2nr

Where r is the distance of a point in the mediumsi(iding the ground surface) from the electrode.

In practically all surveys the potential differenfoetween two points (normally on the ground surfageneasured. The

potential difference is then given by
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Equation (5) gives the potential that would be measured ovemegeneous half space wwith a 4 etidrarray
Resistivity measuringistruments normally give a resistance v R = A@/I, so in practice the apparent resistivity ve
is calculated by

Pa = KR (6)

WhereK = 2n is called the geometric factor which depends on thangement of the foi
(1 1) (1 1)
i n n r, I }

electrodes.

The study of the decaying potential difference as a fundidime is known as the study of indugedarization in the
time domain. In this method the geophysicist looks forpbetion of the earth where current. flowmaintained for ¢
shorttime after the applied current is terminated [8]. The mostmonly used quantity in time: domain IRasneemen
is the Chargeability defined by
n = fvode (7)

Where V(t) is the residual voltage and i¥ the steady voltage. When V(t) angh¥lve the same units, the chargeab
nis in milliseconds.

SelfPotential can also be referred to as spontaneous potentiatuitsovhen no current is imjected aed there an
potential measurable on the potentiat#iede. It can be due to manmade disturbances of theonment such as buri

electrical cables drainage pipes or waste disposal[Sik
SelfPotential can also be due to natural effects. One of thetseal effects is one caused tby elec#ikinpdential

which is observed when a solution of electrical resigti? and viscosityn is forced through capillary of poroi
medium. The resultant potential difference betweeretis of the passage

_ §APKy

E, =
k 47mn

©)
Whereg is the adsorption potentialP is the pressure difference and k is the solution diedesimstan

4.0 Methodology
A total of 49 VES were conducted using Schlumberger array @i2urThe four electrodes weere plasymmetrically
along the same line about the investigation point with potential electrodes closed to the poirite Duter currer
electrodes were shifted from AB/2 = 1.5m to 200m symmegtyi along the array line where as MN/2 whanged fron
0.5m to 10.0m (Table 1)
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Figure 2: Map of the Study Area Showing VES Paints |
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Figure 3: Array Line

Table 1: Typical field Data for Station 1

AB/2 (m) | MN/2 (m) | n(ms) SP (mV) | p (Qm)
15 0.5 7.92 12.57 394.99
2 0.5 6.33 17.7 417

3 0.5 0.93 24.916 334.19
4.t 0.t 13.4 6.146: 193.0¢

7 0.5 38.9 13.93 106.67
8 0.5 65.3 8.8156 88.277
10 0.t 29.t 4.571! 64.25¢
10 2 5.1 46.574 138.52
12 2 6.3 11.737 104.87
14 2 3.08 8.2695 92.015
15 2 2.57 7.2186 74.381
17 2 6.5 5.7788 89.43
20 2 10.5 3.4634 139.07
25 2 22.4 0.182: 156.3¢
30 2 20.€ 0.413: 121.5:
45 2 14.7 3.114¢ 117.6¢
45 5 21.1 1.4609 94.891
60 5 35.2 4.003: 299.¢

70 5 75.1 1.429 331.12
80 5 88.2 1.53 500.78
100 5 89 0.923 802.9
140 5 79.23 0.3216 722.12
140 10 66.9 7.481 1024
16C 10 43.1 5.5% 884.4.
180 10 40.2 7.48 214.3
200.00 10.00 34.9 8.89 972.4

The field values collected for array dispositiorrgvehargeability, self potential and apparent tegig (Table 1).
The PH and conductivity of some groundwater samipléise area were measured using a digital diadysedter in order
to assess the suitability of the groundwater famkding.
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5.0 Data analysis

A software was used to plot the measured chargeabilityesistivity values against the half electrode spacengAiB/2.

The resulting IP and resistivity curves were modeleti thie same software to obtain the equivalent n-layer nicatel

the chargeability and resistivity curve of each sounding.reigband 5 shows a representative sample of IP and
resistivity curves and their corresponding model pararaeTables respectively. Furthermore, the SP values we
plotted against depths of investigation in each VES stafidnis is to delineate the peak SP values and their
corresponding depths. These depths were then used to eribdumap of the ground water flow pattern. Figure 6 show
a sample of the SP graph.

The subsurface structure was analyzed based on the tisfaymation of areas around the study area obtained from
the department of water and technical services of Kanorsiatstry of works.The interpretation of the IP and resistivi
data was done by comparing the chargeability values dsasvéthe resistivity values on the model parameters Table
the typical values adopted for this research as preseniabla 2.
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Figure 4: IP Curve and corresponding model parameters Table for VES 1
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Figure 5: Resistivity Curve and corresponding model Parameterie TabVES 1

Table 2:Adopted Chargeability and Resistivity values[9 and 11]

VES SP (mV) Depth (m)
1 46.574 4
11 86.77: 40
13 36.794 56
19 95.78: 72
44 36.8¢ 40

L | P

1 26.8 4. 62 462 -4. 624 1 f tem modelling line
= 106 2.3 65.94a -5. 942> ' - w -

3 144 3.94 10.9 -10.88 o Lo

- 191 8.71 19.6 -19.62 L -

] — field resistivity values
=3 Fa4a 16.8 F6.4a -F6.39 ' J_ %- ty
& 539 13.2 HA9.6 -—49.56 I‘J' r—f——smoothcurve
i 945 1F.9 6BF.5 -BF.5 | A 16l data curve
8 1855 27 94.5 94a.5a ; I_N T e
09 3345 A1.7F 136 -136.2 ' léyw

10 SF03 A49.3 185 -185.5 -
11 | rase p_,._)‘ﬁfg :
Ay : .
o : ‘ : )2
1 0 . 100 1000
spacing (m)

Journal of the Nigerian Association of Mathematical Phys Volume 28 No. 1, (November, 2014), 343 — 350
Bunawa, Shehu and Saleh J of NAMP

Subsurface Structural Studies...

347



SP (mv)

50
as
40
35

=30

T 25

ig > *SP(mv)
10 ..
*
5 0“ * .
2%,
0 —Ho—é?—o—éﬁ
0 20 40 thh(m) 80 100

Figure 6: Graph of SP against Depth for VE

6.0  Result and Discussion

The study revealed that the area is underlain by twave sfibsurface layers which include topslaterite, weathered
basement complex rocks, fractured basement complex rocks estd asement complex rocks. The result of
interpreted layer parameters for VES 1 is presentd@alite 3. The thickness map of the aquifer layer was then pec
Cross —correlation of IP, resistivity and SP resultant data amalyhowed good agreement in terms of identifying 1
flow pattern, thus they provide complementary informatioih ¢bald be used for structural studi

Table 3: Interpreted Layer Parames of VES 1

VES Layer Thickness (m Depth (m) Rock Type

1 1 1.23¢ 1.236 Laterite
2 1.22¢ 2.46 Weathered basement
3 1.54 4.00 Fractured basement
4 Fresh basement

Table 4: Depths with peak SP Values of some VES sta

Rock type Chargeability (ms) Resistivity @Qm)
Topsoll 0-5 0-50

Laterite 6-25 51-20C
Weathered Basement Complex Rc 26-54 201-50C
Fractured Basement Complex Rc 55-70 501-800

Fresh Basement Complex Rocks 71 and above >800

6.1  Aquifer thickness map

The weathered arfdactured basement has been identified as the aquifés kwhich characterize the study area

The map is produced using the thickness of the weatheredauidréd basement obtained iat each VES statior
aquifer thickness ranges from 1.447ta15m. It is shallowest around VES

A comparison between aquifer thickness and overburden thickesesls that areas of low aquifer thickn
corresponds to shallow basement and area with large athidfleness corresponds to larger basement ¢

Areas of large aquifer thickness are more likely toimetgood quality of ground water. Figjure 4 shows the ac
thickness map.
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Figure 7: Aquifer Thickness Map contoured at 5m inte
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6.2 SP Analysis

The analysis of SP revealed that ground water in tiysirea flow to areas around VES 11, 13, 19 and 4dcaensin
Table 4. This is because at these stations, peak SP vauesecorded at greater depths. Figure 5 shows the contour
map indicating the locations of peak SP values giving flgpography.

According to Telford et al [11], one of the mechanisms priovduSelf-Potential is electrokinetic potential which is
observed when a fluid is forced through a capillarpa@rous medium. This effect is shown in equation (8 #vident

from this equation that the potential E dependent on the pressure gradightHence points with high SP values with
great depths indicate points with higher flow.

Areas of greater depth of flow identified because the peak SP values is at these peak depths

Figure 8: Location of Peak SP values giving flow topography

6.3  Water Quality

In order to assess the suitability of the groundwaténerarea for drinking, the PH and conductivity of the watempdas
collected were compared with the standard obtained in theridn standard for drinking water quality as published by
the Nigerian industrial standard and approved by the standgadipation of Nigeria. The comparism shows that sample
1,2,3,4,16,18,19,20,22,27,28 and 30 have pH within the rangmmeeoded by the standard organization of Nigeria,
where as in the remaining samples, the pH is beyond thdasth It can also be seen from the comparism that the
conductivity of all the 30 water samples is within the Nigierstandard for drinking water quality with a mearugabf
262.67us/cm.

The pH of water recommended for drinking by the Nigeriandard for drinking water quality is between 6.5 to 8.5 and
the maximum conductivity permitted is 1000ps/cm.

Table 5: Parameters and Maximum Allowable Limits [12]

Parameter Unit Maximum permitted
Conductivity ps/cm 1000
PH - 6.5-8.5

Implication of the work for engineering constructions

It is necessary that detail investigation about theatheristics of the subsurface lithology and ground conditioe
carried out prior to the commencement of construction warkani area. The result of this geophysical investigation
carried out showed that the study area is strong enough emmawmate low to high engineering structures. But area
around VES 27 can only accommodate low engineering structaeeide of clay materials that predominates the area,
however, in areas around VES 6, 11, 13, 14, 15, 16, 17, 19, 211,282,343, 45, there is the need of clearing away the
topsoil for a depth of about 1 to 5m before the commmeoe of engineering structure.

Location of safe place for refuse dumping

Gajanan et al [13] have established that groundwater cannentoated due to waste disposal. Hence marking out
areas for refuse dumping becomes important. The restitisostudy shows that VES 27 can be earmarked for refuse
disposal as the area is dominated by clay up to a dégdnoand because of the absence of aquifer in the area.

7.0  Conclusion
This study was carried out to investigate the subsurdeestures of Bayero University Kano permanent site using
geoelectric method. The following conclusions were drawmfthe study:
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The study area is underlain by 2 to 5 subsurfagersaof different lithologies namely- topsoil, Idte,
weathered basement complex rocks, fractured baseroemplex rocks and the fresh basement complexsrock
The topsoil in the study area is generally thin.

The aquifer thickness ranges from 1.44m to 70.1%umie the overburden thickness is between 1.6m and
72.104m

The best location for ground water exploitationareund VES 11, 13,19 and 44.

To avoid groundwater contamination, areas aroun8 ¥E is found to be safe for refuse dumping site.

The survey showed that the underground water imtea is safe for drinking and other domestic usage
Although most of the VES stations can support Botth and high buildings, only low buildings are askdl
around VES 27.
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