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ABSTRACT
Ahmadu Bcllo University is located in Zaria in the north-central part of the Nigerian
basement complex. Zaria is situated in the Sudan Savannah area of the country. The aim of
this Geophysical survey is to investigate the subsurface structure of the earth around some
student hostels in the main campus of the university by correlating a borehole log with a
generated seismic section. The objectives include; the determination of the nature and
texture of the strata underlying the hostel buildings, the determination of the depth to fresh
basement and the determination of the topography of the basement. Seismic refraction
tomography methods was used for this investigation. A total of eight profiles were taken
around four hostels, with the boreholes at the centre of the each spread. A total of about
120m spread was laid in a straight line with each geophone placed at 5m interval. The
seismic data collected were processed using the REFLEX W software. From the processed
data, the result shows a depth to fresh basement at about 24m deep around the survey area,
which is undulating. The subsurface varies in texture from line to medium and coarse grain
size, with clay dominating the weathered basement. This gives reason for the sinking and

cracking of some structures within the survey area.
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CHAPTER ONE
GENERAL OVERVIEW

1.1 Introduction

Scismic tomography signifies a revolution in carth scicnees. It has had far-rcaching and
deep mmpacts on the geological and the geophysical community and will continue to
influence the future developments in carth sciences. A scismie  tomography  image
{analogous to the computer mided tomography scan, used i the medical industry) has been
particularly useful i understanding the carth’s structure and processes mn the source zones
of large carthquakes. Once an carthquake occurs, 1t generates seismic waves that pass
through the carth’s interior and finally arrive at the carth’s surface, where they are recorded
by scismographs. Analyses ol the observed seismic waves provide mformation on the
rupture process of the earthquake as well as physical properties ol the materials along the
wave trajectortes. The classical studies on seismic waves had led to the discoveries of the
layered structure of the earth and the advent of scismic tomography two decades ago had
helped i the mapping of the heterogencous structure of the carth on a broad range ol
scales. With the present acceleration in the development of scismie tomography. 1t is

expected to be the most active field of seismological rescarch.

Although, there are varieties of seismic techmques, the objective of a survey will
determine which specific method to use. In refraction and reflection scismology, the arrival
time of scismic energy that is refracted or reflected by the discontinuitics between different
rock formations arc detected at a number of points by sensitive instruments called

geophones. Knowing the distance travelled by the wave and time spent, 1t is possible to



determing the depth to the discontinuity, the velocitics of the waves, the structural dip, and

the hthology within the trajectory path in the carth.

1.2 Location of the Study Area

The study sitcs are localed at Ahmadu Bello University main campus in Zaria, as shown in
igure 1.1, Zaria is a town in Kaduna State (sce Figure 1.1); located on a plateau at a height
of about 76¢ m above the sea level. The mam campus (ABU) which is about 15.5km from
the well-known Zaria City is approximately bounded by longitude 7"38'C and 7'39'E and
fatitude T1"09'N and 11"10'N. We investigated the northern part of the main campus,
which includes Akenzua Habl, Anning Hall, Alexander and Ribadu Talls and Suleiman

ifall.

1.3 Geology of the study area

Almadu Bello University is a part of the gently undulating pencplain that extends from
Lake Chad to Sokoto and Nerthward from Southern Kaduna into the Republic of Niger,
Zaria is underlain by Precambrian rocks typical of Nigeria basement complex, {(figure 1.2)
which bear the imprint of thermo lectonic ¢vent dating from Achacan o carly Palcozoic

times {McCurry, 1970).

The main campus (Alunadu Belio University) is underlain by Precambrian rocks of the

basement complex (hgure 1.1) with muscovite biotite-gneiss i the south-weslern part of

the campus while the north-castern part s underlain by biotite granite-gneiss (EBigbefo,

1978).
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The rocks i s arca can be divided according (o (McCurry, 1970) into:
{1) a crystalline complex of migmatite and gncisses probably of Dahomeyan age,
including relics ol an ancient Birrimian metascdiment sequence,
{ii) a younger metasediment serics of Katangan age occupying north-south
trending synclinal belts in the crystalline complex, and
(in) A suite of intrusive syntectonic 1o lale tectonic granites and granodiorites of the
lute Precambrian to lower Palcozoic age associated with cxtensive aplite and
pegmalite development.
These rocks have been variably mctamorphosed and granitized through atl least two
tectono-metamorphic cycles and folded during the Pan African orogeny resulting in tight
isochinal folding about Lasi-West and North-South axes and the allernating and
deformation ol rocks Irom low grade phyllites o high grade gneisses (McCurry, 1970).

The geology of the study area can further be discussed under the Toltowing sub titles,

1.3.1 Crystalline Complex

Zaria arca 1s underlain by ancient crystalline basement complex, which comprises gneisscs
~and- migmalites and also accommodates the belt of younger metasediments as well as
remnants of un older melasedimentary group preserved mainly as feldspathic guartrites,
amphibolites and calcareous rocks. The gneisses are very variable in composition
including the biotie gneisses, the homblende gneisses, banded gnceisses, granite gneisscs,
sheared gneisses, augen gneisses and cataclastic gneisses. There is evtdence that some of

the gneisses arc sedimentary in origin.



1.3.2. The Metasediments
These occur in north-south trending synclinal belts as lenses, which apparently have
conformable relationships with the crystalline host-rock.  The main subdivisions are the

schists and quarzites.

1.3.3. Schists

These occupy the greater part of the metasediment belts and vary in colour, texture and
outcrop. Due to their soft and friable nature, they are usually only exposed in river valleys
and excavations where they are deeply weathered, Schists grade into adjacent crystalline
gncisses. The varous schists are muscovile-quartz schists, brotite-muscovite  schists,

feldspathic schists and carbonaceous schists.

1.3.4. Quartzites
The quartzites are well foliated especrally the fissile vaneties. Massive quartzites contain
relatively few impurities and are usually grey-white in colour, while fissile varictics vary

from yellow to brown depending on relative amount of muscovite and oxide present.

1.3.5. Granitic Rocks

These are well exposed especially in the Northwest arca where extensive outcrops oceur.
Elsewhere, the granites are beneath a thick superficial cover, and only outcrop in isolated
hills or groups of insclbergs, low whalebacks and granite pavements. The granite bodies
range in size from sub-clliptical plutons not more than about 125 sq. km. in arca up to

masscs ol bathohithie dimensions and fall into two groups:

3

§ KASHIM IBR {HITM pr3RAR)



1 Elongate batholiths, discordant in part but mainly concordant, with rather
diffuse contacts
. Iiscordant, much fractured bodies including  crystalline rocks  and
metasediments with cross cutting contacts.
The rocks are all compositionally similar in that they contain guartz, microcline,
plagioclase and biotite as essential munerals, with accessory apatite and zircon. The
different types of granitic rocks are porphyroblastic biotite granite, fine to medium-grained

biotite granites, porphyroblastic hornblende granite and granodiorites.

Fine grained gramites, aplites and pegmatites occur as irregular lacies in the main granite
bodies and in some of the surrounding gneisses. Also, these form concordant or discordant
veins, lenses, pods and sheets and are particularly concentrated in the more nichly

porphyroblastic granites in the south-castern part of the arca (McCurry, 1970).

1.4  Previous Works in the Area

Although not much work on Seismic Tomography has been done on these part ol the
campus, however, Yusuf (2000) carried out a geocelectrie investigation employing vertical
clectrical sounding (VES) to corrclate the Ajayi Makinde two-clectrode method and the
conventional Schlumberger conliguration. He revealed that the study arca varies from 3-4
layers. The geometry of the bedrock undulates with varying depth of 11.5m in the central

part of the campus to 30.0m around the southern part of the campus.

Chiemeke (2005) carmed out a seismic tomography work around the Basawa mulitary
barracks, which 1s about 4km to Skm away from this study arca. He was able 1o conclude
that the tomography maodel showed a good correlation with the borchole log cited around

the survey arca by bringing out the three major layers (1op soil, weathered basement and



fresh basement). This corvelalion was doue using seismic velocitics which agree with

standard velocity values.

Ogah (1990) carried out the apphication ol beam forming techmques (o enbanee low
quality scismic refraction data al the Kubanni drainage basin. He came to the conclusion
that the beam forming techniques represented a powerful and viable method of extracting

uscful information from low quality seismic refraction rceord.

1.5 Aims and Objective ol the Present Work

The Ahmadu Bello Umiversity 1s a highly built up arca with structures standing tor over 4
to 5 decades. Most ol these structures were ereeted withoul proper geophysical studics in
the arca for engincering construction, which results i the sinking and deformation of some
ol these structures. Geophysical investigation around these sites ol visible deformations
can provide possible solution 1o this problem. The above-mentioned problems have
engendered this research work whose aim 15 to:

(a) Estimate the depth to the basement {overburden thickness).

(b) Estimatc thickness of the weathered layer.

() Dctermine the lithology within the subsurlace under investigation based on
the physical parameter measured.

{d) Determine possible fracture zones.

(e) Determine depth of water table.
(N Determine bedrock morphology.
RY
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CHAPTER TWO
PRINCIPLES AND THEORY OF SEISMIC METHQODS

2.1 Seisnic wives

Seismic waves are shott-hived parcels of clastic strain cnergy known as pulses that
propagale Irom a souree point through the Earth conlaining a wide riange ol [requency. The
propagation of scismic disturbance through a heterogencous medium is extremely complex
although 1 can be deseribed by somce cquutions by making sonme simple assumptions. It s
important to know that the strains (clastic displacements) due to the passage of these pulses
are minute except for the source cavironment, However, when a seismic disturbance has
travelled some distance away from its sourcc, it attenuates and the medium deforms
clastically o permit its passage. The particles of the medium carry out simple harmonic
motions, and the seismic energy is (ransmitted as a serics ol wave motions. This implics
that the propagating velocities ol the scismic pulsc are deterimined by the clastic modul

and density ol the matenials through which they puss.

When scismic enctgy is refeased suddenly at a point near the surface of a homogencous
medium, part of the cnergy propagates through the body of the mediam, as seismic body
waves. The remaining part of the energy, analogous to the ripples on lie switace ol a pool
of water into which a stonc has been thrown, propagates close to the surfuce as swrlace
waves (Kearcy et al, 2002).  There are basically two Lypes of seismic waves, body waves

and surface waves,

2.1.1  Seismic Body Waves
Two types of body waves can be propagated within a medium, The {irst type, is known as

a dilatational (lengitudinal, compressional or P wave), the later name is due to the foet tha



this wave s the first (primary) event on an carthquake recording. The second type is
referred to as shear (transverse, rotational or § wave) since it is usually the second event

observed on carthquake recond.

(i) Compressional (P) Waves:- arc compressional waves which have longiudinal
particle motion aligned with the propagation direction. The deformation produced by the
passage ol these waves involves change i the volume ol a matenial clement and 1s direetly
analogous to the propagation of sound wave in a Twid. They travel faster in matenals and
are shightly less than twice as fast as Secondary (S) waves and can travel through any type
ol matenal, so the P-wave is the first-arriving cnergy on a scismogram. Generally has
higher frequency than the Secondary (S) waves and Surface-waves. In air, these pressure
waves take the form of sound waves; hence they travel at the speed of sound. Typical
speeds are 330 m/s in air, 1450 nv/s in water and about 5000 mv/s in granite (the P-wave
veloeity (Vi) 1s about 5 kn/s to 7 knv/s in typical Earth’s crust; greater than about 8 kmv/s in
Earth’s mantle and core; about 1.5 kn/s in water; about 0.3 kmv/s m air). P waves are
sometimes called "primary waves”, and are not as destructive as the S waves and surface

waves that follow them.

The property of this wave can be developed i terms of the cquations of motion for an
clastic solid and the relation between stress and stram. In terms of the bulk modulus A, the
shear modulus g, and the density p, the speed of propagation tor the compressional wave 1s

given as;

10
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Equation (2.1) shows (hat P-wave can travel through solids, liquids and gases, all ol which
arc compressible. Liquids and gases do not allow shear waves to propagate through them.

Conscquently, when g = 0, and the compressional wave velocity ina fluid is given by

. [k _
(a);rf-ﬂ = - (2'2,’
2

(i)  Transverse (8) Waves:~ which are also known as secondary or shear waves induce
shearing deformation with no change in volume, the particle motion is tansverse 1o the
propagation path {as in electromagnetic waves). S waves do not prepagate through perfect
fluids because they cannot sustain shear. Secondary waves ravel slower than Pawaves in a
solid and, therefore, arrive alter the P wave. The S-wave velocity (V) about 3 knvs to 4
knvs in typical Earth’s crust; greater than abeul 4.5 knv's 11 Earth’s mantle and about 2.5

km/s to 3.0 km/s in (solid) inmer core.

The property ol this wave can also be developed in terms of the equations of motion for an
clastic solid and the relation between stress and strain. In terms of the shear modulus g,

and the density p, the speed of propagation for the transverse wave 1s given as;

i
p= = 23)
o
The only ¢lastic property that determines the velocity of the shear waves is the rigidity or
shcar modulus (u). In liquids and gascs, 1 g is zero, transverse waves cannot propagate in

them, (Lowrie, 1997).
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2.1.2  Seismic Surface Waves

They are analogous to water waves and travel just under the Earth's surface. They travel
more slowly than body waves. Because of their low frequency, long duration, and large
amplitude, they can be the most destructive type of seismic waves. The two types of
surface waves: Rayleigh waves and Love waves are distinguished from cach other by the

type of particle motion i their wavelronts.

(i) Rayleigh (R) Waves:- also known as long waves or ground roll, travels on the
surface of the Earth like water ripples. The existence of these waves was predicted by John
William Strutt, Lord Rayleigh, in 1885. They are slower than body waves and can readily
be scen during an earthquake on an open space like a parking lot where the cars move up
and down with the waves. Rayleigh waves are also dispersive and the amplitudes generally
decrease with depth i the Earth. Appearance and particle motion are similar 10 water
waves; the resulting particle motion can be regarded as a combmation of P and SV
vibrations. Depth of penetration ol the Rayleigh waves is also dependent on frequency,
with lower frequencies penetrating to greater depth. Motion 1s both i the direction of
propagation and perpendicular (in a vertical plane), and “phased™ so that the motion is
generally elliptical - either prograde or retrograde (figure 2.1). Rayleigh Waves speed (Vy)
is about 2.0 knv/s to 4.2 knv/s (i.c. 0.9194 times the speed of Secondary Wave) in the Earth
which depends on frequency ol the propagating wave and the depth of penetration of the
waves (Lowrie, 1997). The particle displacement is not confined entirely 1o the surface of
the medum. Particles below the free surface are also affected by the passage of the

Rayleigh wave. The penetration depth of the surface wave is typically taken to be the depth

12



at which the amphitude is attenuated 1o (¢ ') of its values at the surface. For Rayleigh waves

with wavelength 4 the characteristic penetration depth is about 0.4

o

&

¥

Frgure 2.1 The particle motion of a wavetront of a Rayleigh wave consists of a
Combimnation of P and SV vibration m the vertical plane.
(i)  Love (L) Waves:- they are surface waves that cause horizontal shearing of the
ground. Named after A.E.H. Love, a British mathematician who created a mathematical
model of the waves in 1911, They usually travel shightly faster than Rayleigh waves. Depth
of penetration of the Love waves is also dependent on frequency, with lower frequencics
penetrating to greater depth. They transverse perpendicular to the direction ol wave
propagation and generally parallel to the Earth’s surlace. The velocity of Love wave (V)
1s about 2.0 knvs to 4.4 kmv/s in the Earth which depends on the frequency ol the
propagating wave and the depth of penctration of the waves. In general, the Love waves
travel shightly faster than the Rayleigh waves. Love waves exist because of the Earth’s
surface. They are largest at the surface and decrease in amplitude with depth. Love waves
are dispersive, that 1s, the wave velocity 1s dependent on frequency, gencrally with fow

frequencics propagating at higher veloeity (Lowrie, 1997).



2.2.  Reflection and Refraction Sutveying

In seismic surveying, scismic waves are created by a controlled source and propagated
through the subsarface of the Earth. Some ol these waves return to the surlace afler
refraction or reflection al geological boundaries within the subsurface. A direct wave
travels along a straight line through the first layer [rom source to detector with the velocity
of the first medium (layer). A reflected ray is obliquely incidented at the interface and is
reflected back through the first layer to the detector, with the velocity of the first layer. A
refracied ray travels obhiquely down 1o the inferface at the veloeity ol the first layer, then
along the interface at the velocily of the second layer and then back 1o the first layer at the
velocity of the first layer. The relative proportions of energy transmitied and reflected are
deternined by the contrast in acoustic impedance Z across the mterlace. Acoustic
impedance ol a rock is the product of its density p and its compressional wave velocity v,

(le. Z = p vl

The travel-lune curves, or time-distance curves for the direct, reflected and refracted rays
arc shown in figure 2.2 below. A suitable analysis of the travel-lime curves for the
reflected and refracted ray will aid in the estimation of the depths te the various underlying
layers, the location und mapping of the subsurface interfaces. This had led to the two
indepcndent seismic surveying methods, namcly, REFLECTION SURVEVING and
REFRACTION SURVEYING methods, cach with its distinclive methodologics and ficld

of appheation. This curve appears more complex for multiple fayer modcels.
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Figure 2.2: Travel-time curve for direct, reflected and refracted rays in the case of a simple two-
layer model.

The first arnival of scisnie energy at a surface detector offset from a surface source is
always a direct ray or a refracted ray. The refracted ray at the crossover distance X .
overtakes the direct ray. Beyond this offset distance the first amival 1s always a refracted
ray. Since eritically refracted rays travel down to the interface at the eritical angle there is a
certamn distance, known as the enitical distance X, within which refracted energy will not
be returned 1o surface. At the centical distance, the travel tmes of reflected rays and
refracted rays eoincide because they follow effectively the same path. Reflected rays are
never first arnvals: they are always preceded by direet rays and, beyond the critical

distance, by refracted rays also.

The methodology of refraction and reflection surveying is determined by the above
coaaractenistics ol the travel-time curves. In refraction surveying, recording ranges are
chosen to be sufficiently large to ensure that the crossover distance is well exceeded in
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order that relracted rays may be detected as first arrivals of seismic energy. Indeed, some
type ol relraction survey considers only these first arrivals, which can be detected wath
unsophisticated freld recordimg systems. In general this approach means that the deeper the
refractor, the greater is the range over which recordings of refracted arnivals need 10 be

taken.

On the other hand, in reflection surveying, reflected phases are sought that arc never first
arrivals and are normally of very low amphitude because geological rellectors tend to have
small reflection coefficients. Accordingly, reflections are normally coneealed i scismic
records by higher amplitude events such as direet or refracted body waves and surface
waves. Reflection surveying method therefore has been capable ol distinguishing between
reflected energy and other types of synchronous noise. Recordings are normally restricted
to smali offset distances, well within the eritcal distance for the reflecting interfaces of
miain interest. Sinee reflections may always be detected at small offset distances there is, in
seneral, no necessity to increase the overall recording range 1o investigate deeper reflectors

(Kearey et al., 2002).

2.3, Seismic Reflection Method

Rellection Seismology - In reflection methods, analysis is concentrated on energy armving
alter the mitial ground motion. Specifically, the analysis concentrates on ground movement
that has been reflected from subsurface interfaces. In addition to examining the times of
arrival of these, reflection seismic processing extracts information about the subsurlace
from the amplitude and shape of the ground motion. Subsurface structures can be complex
in shape but like the refraction methods, are mterpreted in terms of boundaries separating

materials with differing elastic parameters.
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Reflection method is directed primarily at {inding the depths to rellecting surfaces and the
seismic velocities of subsurlace rock layers. A scismic signal {example an explosion} is
produced al i known place at a known tie, and the echoes reflected from the boundaries
between rock layers with different seismic velocilics and densitics are recorded and

analyzed.

Geophones are spread out in the region of suberitical reflection, within the critical distance
from the shot-point, wherce no refracted arrivals are possible, Within this distance the only
signals received arc the waves that travel directly from the shot point to the geophones and
the waves reflected at subsurface interfaces. Surface waves arc also recorded and constitute
an important disturbing noise, because they interfere with the refleeted signal. Reflection
Scismiu data are most usually acquired along profiles that cross geological structure as
nearly as possible normal 1o the strike of the structure.  The travel-times recorded at the
geophones along a profile are plotted as a two dimensional cross-section of the structitre.

Recently the three-dimensional surveying hias mostly been employed,

Several ficld procedurcs are in common use. They are distinguished by dilferent layouts of
the geophones relative to the shot point.  The most routine application ol rellection
scismology s 11 continuwous profiling, in which the geophoncs are laid out al discrete
distances along a prolile through the shot point. Adter cach shot the geophone luyout
shol pomt arc moved o a predeternined distance along the profile, and the procedure is
repeated.  Broadly speaking, there arc iwo main variations of this method, depending on
whether cach reflection point on the reflector is sampled only once (convenlional

coverage) or more lthan once {(redundant coverage).
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The most common form ol profiling method in reflection is the split-spread method
(Figure 2.3), in which geophones are spread symmetrically on either side of the shot-point.
I the reflector is flat lymg, the point of reflection of a ray recorded at any geophone 1s

below the point nudway between the shot-point and the geophone (Lowrie, 1997).

Shot pont Q Shot pomt R

x L)

cesssqesssqensnan

()
X4

A [}

Rellector

Figure 2.3; The split-spread method ol obtainimg continuous subsurface coverae ol Scismic reflector

2.3.1  Geometry of Reflection Wave Path

In scismic reflection method, since analysis 1s concentrated on ground movement that has
been reflected from subsurface mterfaces, the travel time can be inverted to estimate the
depth to these nterfaces. It is of importance that scismic reflection survey should be
carried out in arcas where veloeity varies with depth, although lateral vanation is ignored

as a first approximation, (Kcarcy ct al., 2002),

For a single horizontal reflector lving at depth # beneath a homogencous top layer of
velocity vy, the geometry of the reflected ray path is shown in the figure 2.4 below,

simple casce for a sigle horzontal reflector.
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Figure 2.4: The geometry of rellected ray path and time-distance curve for reflected rays
from a honzontal reflector.

The equations, that describe the travel time t of the reflected ray from the shot-detector

separation x are derived as follows;

> - ,
X*+4z
P = v..‘_‘ (24,
3
Rearranging equation (2.7) in a normal hyperbolic form gives
1."'."' _‘,.'
e O M= | (2.5
4:° 4z }

This implies that the travel ime-offset distance (time-distance) is a Hyperbola whose axis

of symmetry is on the time axis (see figure 2.4).
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It x = 0, cquation (2.4) becomes 1, = — which is the mtercept on the time axis of the
‘!

time-distance curve shown above (Kearey et al., 2002)

Eqguation (2.4) can also be written as:

;. Azt
I"=——+4— (2.0)
i v
i . f . ,
thus 1" =1, +— (2.7)
v
I
. 2z VP
From cquation (2.6), 1= — I+( = (2.8)
v 2z )
_ I
xV
=ofie(2)
vi,
L
Using the binomial expansion, and for small olfset-to-depth ratios, that is, — << 1.

Vi,

Equation (2.9) can be truncated to obtain.

=1, 1+ I[—'T—] (2.10)
20wt

Equation (2.10) forms the most convenient form of the time-distance equation for reflected
ray. The difference m the travel times (L 4) for retlected ray artivals at two oflscet
distances X;. Xz 15 called moveout, which is expressed as;

X =%

= (2.11)
' 2vt,

A normal moveout (NMO) is the difference in travel times AT between rellected ray at

distance x and zero affset and is given by:

20 e d



- v ;
AT =t -1, = — {2.12)

v,
Where t, 1s the ume at distance x
L \
I'his implies that; p=- - {2.13)
(2t AT)?

2.3.2  Dipping horizontal reflectors.
Ifa dip angle 1s included into the time distance equation (equation 2.4) as an unknown, the

expression above becomes;

I

(_l‘: + .4:-' +.-.I_,t.‘_’sin {)}3_

i= (2.14)

‘i‘
and in hyperbolic form;

vt x4 2zsin@) .
bk _( ._._)_-1 (2.15)

dz7cos 00 (4z cos ()
The axis of symmetry of the hyperbola is now no longer the time axis. Expanding equation

(2.15) bmomually, 1t can be truncated to obtain;

£ =p.| 14 X dx2sing (2.16)
2y,
Consider figure 2.5 below, the reflected ray path for an equal offset x updip and downdip
from a central shot pomt, is different in length, hence the two have different travel times.
Dip moveout ATy is therefore defined as the difference in travel times t, and t, for the
reflected ray from the dipping interface to receivers at equal and opposite offsets of x and
x. Thercfore, AT, =1 =t (2.17)

By using the definition of equation (2.16),

21



“y

Figure 2.5: The geometry of reflected ray path and nme-distanee curve for reflected rays from a

dippimg reflector,

2xasind
AT, = 22508
‘J'

For small angel of dip, sm@ = ¢

VAT,

2x

Therefore, 0 =

(2.18)

(2.19)

Henee, 1f' v 1s known, the dip moveout AT, may be used to compute the reflector dip 0.

J
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2.3.3. Ray paths of multiple reflections

So far single ray paths have been considered (known as primary reflector); however there
are many paths in a layered subsurface by which a ray can return to the surface alter
reflection at more than one interface. Such rays are called reverberations, multiple

reflections or simply multiples.

Multiples generally have lower amphitudes (than primary reflection) due to loss ol energy
at reflector, They oecur generally at interfaces where there are vanations in the rellection
cocflicient. Ghost reflection occurs when rays are reflected back at the base of a weathered
layer, from buried explosive. Water layer multiples occur when a source ray is repeatedly

reflected at the scabed and sca surface.

It 1s important o identily multple reflections before iterpretation because they some tine
arrive shortly after the primary rays to mask the result. This can cause error i results

(Kearey et al., 2002).

2.4.  Seismic Refraction Method

The geophysical property that is measured in seisnic refraction s scismic velocity. In
seismic refraction surveys, the most important kinds of waves are the P-wave (a
compressional, longiudinal wave). P-waves propagate at the highest velocity ol any
seismic waves and are therelore commonly used to pick the lirst breaks ol seismic waves

that propagated through carth materials.

These waves move through the subsurface layers. The density of a layer and its clastic
properties determine the speed or velocity at which the seismic wave will travel through

the layer. The porosity, mineral composition, and water content of the layer affect both its
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density and clasticity. A list of the range in compressional wave velocities in common

geologic matenials are shown in Table 2.1 below. It can be seen from these values that the

seismic velocities for differemt types of soil and rock overlap, and so knowing the

velocities of these layers alone does not permit a umque identification of  then

composition.

Table 2.1: Compressional wave velocities

- Rucﬁ;ypb__ -
Samﬁ(lury) _
Sand (saturated)
Clay
Sandstone
Granite

walter

200 - 1000

in Larth materals

P-wave velocit yi n/s)
1500 — 2000
1000 - 2500
2000 - 6000
S500 - 6000
1400 - 1500

However. 1l this knowledge 1s combined with geologic information, it can be

mtelhigently to dentify geologic strata. In general, veloeity values are greater for:

e densc rocks than light rocks.
e older rocks than younger rocks.

e igneous rocks than sedimentary rocks.

¢ solid rocks than rocks with cracks or (ractures.

e unweathered rocks than weathered rocks.

¢ consolidated scdiments than unconsolidated sediments.

e water-saturated unconsohidated sediments than dry unconsolidated sediments.

e wel soils than dry soils.

uscd

Figure 2.6 shows a schematic view of a 24-channel scismic system in use and the

compressional wave paths through a two-layered system of soil over bedrock. A scismic
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source produces seismic waves which travels in all dircetions into the ground. However,
the scismic refraction method is concerned only with some of the waves. One of thesc
waves, (lhe direct wave) tavels parallel o the surface of the ground. A scismic scasor
{geophone) detects the direet wave as it moves along the surface layer. The time of travel
along this path is related to the distance between the sensor and the source and the material

composing the layer (Zhao and Kayal, 2000).

If'a denser Tayer with a higher velocily, such as bedrock, exists below the surluce soils,
some ol the seismic waves will be bent or refracted as they enter the bedrock. This
phenomenon is similar to the refraction of light rays when light passes from air into water
and 1s described by Snell’s law. One of these refracted waves, crossing the interface at a
critical angle, will move parallel to the top of the bedrock at the higher velocity ol the
bedrock. The seismic wave travelling along this interface will continually relcasc cnergy
back into the upper tayer by refraction. These waves may then be detected in the surface at
various distancclsa_l_'rom the source {(Figure 2.6). Beyond a certain distance (called the
critical distance), the relracted wave will arrive at a geophone beture the direct wave. This
happens even though the reltaction path is longer, because a suflicienl portion of the
wave's path occurs in the higher velocity bedrock. Measurement of these first arrival timcs
and their distances from the source permits calculation of layer velocities, thicknesses and
bedrock depth. Application of the seismic method is generally limited (o resolving three to

four laycrs. The preceding concepts are based upon the fundamental assumptions that:
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I. Scismic velocities of geologie layers must increase with depth. This requirement

is genetally met al most siles.

2

Lavers must be of sulTicient thickness to permit detection.
3. Sasnue velocities ol layers must be suthiciently difterent to permut resolution of

mdhividual Tayers.

£ .,
A Seismograph { /’
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NN . Hommer
‘Qﬁ} 2\ Source

Geophone Arroy Trigger Cable /
S e ¥, ~ . 7. PG AP TS Ty N 4 5 =5\
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Figure 2.0: Field layout ol a seismograph showing path way of direct and refracted
waves for a two-layer soil/ rock system.
Data are recorded on a seismograph and later downloaded to a computer for analysis of the
first-arrival times to the geophones from cach shot position. The scismograph 1s an
mstrument which clectronically amplifics and then displays the received scisnue signal
from the geophone. The adentification and measurement ol the arrival tme of the first
wave lrom the scisnue sourcee s obtained from its displayed presentation. The time s
measured i millisecconds, with zero tme or start of trace imtiated by the source, which

provides a trigger signal to the scismograph. The arrival time is plotted against source-to-
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geophone distance producing a tme/distance (/D) plot as shown in ligure 2.7 below.

FFrom a time/distance plot, 1t is important to know that;

4
1
Ve
~
Refracted S]up-—l N
arrivals )
“ /4
r ’ lljil"l..‘l..“l Slllp 1 Jvl
¢ arrivals
: —
X X

Figure 2.7: Travel-tnme curve for the direct and the refracted waves from a single horizontal refractor

(1) Ihe number of hine segments mdicates the number of layers.
(1) The slope ol cach line segment 1s mversely proportional to the seismic
velocity in the corresponding laver.
(ii1)  Break points in the plot (critical distance, X) arc used with the velocities to
calculate layer depth.
The primary applications of scismic refraction are for determining depth to bedrock and
bedrock structure, for mapping thickness of weathered layer, for determining depth o
waler table, for engineering purpose as well as applying correction to reflection data. The
technique has been successfully applied o mapping depth to basement ol backfilled
quarries, depth ol landfills, thickness of overburden and the topology of the bed rock.

Refraction surveys yicld data on seismic velocities of the vanous formations as well as on
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their geometry and oiten make it possible 10 adenuly formations, which are mapped.
However reflection method s used for deeper probing. The refraction method s
particularly valuable for reconnaissance m arcas were structures have a large rehel and

where there is at least one high speed marker bed overlain by lower speed formations.

L4 Geometry of Refvacted Ray Path; Planar Interfaces

Some general assumptions constdered for the ray geometry are that: the veloeity within
cach layer 1s untfonm, the veloeity mercases with depth, the subsurface is composed of a
series of layers separated by plane (possibly dipping) interfaces and ray paths are restricted

to a vertical plane contanming the profile, 1.¢., no component of the cross dip.

2.4.2  Two-laver case with horizontal interface
Consider figure 2.8 below showing the path of a ray as it travels from the shot point A

through the Earth B, C and then to the detector 1D on the carth surlace.

R )

i

-

v

B &
v,

Figure 2.8 The direct and the refracted waves through a two-layer model. Individual ray path from
source A to detector 1D as shown.

The direet ray travels horizontally through the top of the upper layer from A o D at

velocity V. The refracted ray travels down to the interface B at velocity Vi and along the
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interface between B and C at veloeity Vi And then back 1o the top D at a distance ol X
from the shot pomnt A.

The total travel time therefore along the refracted ray path ABCD s;

E =gyl FH,y (2.20)
’.m‘:_:"'_ {(2.2hH
v, cos(/
o» = —— (2.22)
"y cost)
v 2ztanl)
b = = —— (2.23)
v, v,
x—2ztand@ z
§ B et ) Some st (2.24)
v, v, cost)
L ]
X Yo A < v, |?
where siné = - (Snell’s Law) and cos#/ :[I - - '_, ]
v, v
Equation (2.24) can be expressed as
- xsin®  2zcosl
% Y
- 7= » —r
P ':J‘-‘ b (2.25)
v ;¥
! - +
v, ' (2.20)
2= 'rl. )
f = (2.27)
R

where {, 1s the intercept on the time axis of the travel time curve, whose gradient is —
“1
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Solving for refractor depth,

":"' r}

24V =W

Note, that at the crossover distance X, the travel ime of the direct rays and the relracted

rays are cqual.

A X
Lraas - LI + 2: - = l:_z‘)’
v v, 8 13

\

v, + ¥,

Thus x,, =2z (2.30)

v, ~V,

Equation (2.30) shows that the crossover distance is always greater than twice the depth to

the refractor.

2.4.3. Three layer case with horizontal interfaces

A A ) il
/s 0, Vi
+ B I V.=V,
0+
2>
C - D V> Vs

Figure 2.9 The refracted ray path through the bottom layer ot a thyee-layer model

By analogy with the previous equation (2.20), the travel-time along the refracted ray path

ABCDEY (as shown m figure 2.9 above) to an offset distance x 1s given by:
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xsinf) 2z cost), 2z, cost),
- - + + - -

: (2.31)
v, v, v,
a 2 i |', ] |
Where O = sin (— ).~ siv (—)
v, ¥,
AR R xsind,
This smplics that ==——=41, 41, (2.32)

l'.

where t;; and t; are the intercepts on the time axis of the travel time curve for rays
critically refracted at the upper interface and lower interface respectively (Kearey et al.,

2002).

244, Dipping-layer case with planar interfaces

{
(oA o s o e s v - o TROCIDEOGHE R aia-— Tap
Slop= 1/ vy, Slop = 1/ vay
S~ o
ile==" ' -
' Slop- 1/ v,
Slop 1/ v,

Figure 2.10: Travel-time curves for o refracted ray arviving from s dipping vefractor in the forward and
reverse direction along o refracton profile hne
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The ray ABCD {figure 2. 10 above) (rom the shot-point A strikes the interlaee at the critical
angle 0 at 1B, runs as a head wave with velocity vy along the dipping interface and the ray
eerging at C eventually reaches o geophone at the end of the profile at 1D, During reverse
shooting, the ray From the shot-point at D to a geophone at A transverses the same path in
the reverse direction, However the -y curves are different for the ap dip and down dip
shots. Let dy and d, be the perpendicular distances from the points 1) and A to (he interiace

(B respectively. For the down-dip shot at A the travel time to distance x is given by:

Ly = (—M+£C— {Dobrin, 1970) (2.33)

Y vy

= Lsin(0+ 1)+ (2.34)

v,

{

where 1, 1s the intercept time for the down dip shot:

[ = -23005() (2.35)
v,

In the same process analysis for shooting at e up dip is analogous and is given as;

1, = Zsin{0 - )+’ (2.36)

?
i

i . . . .
where ¢ is the imtereept time for the up-dip shot:

2h,
/= ZLcost (2.37)

¥
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The perpendicular distance by to the intertace comes from the mtereept time (' as stated
above. Therelore;

'y (2.38)
2cost)
A similar expression is obtained for by in terms of 1, The depth d,, at the up dip and down
dip dy are;

1, h _
d; = and o, = —"— respectively.
cosd/ cosf/

2.5.  FElevation and Weathering Corrections for Refraction and Reflection Data

Refraction times must be corrected for clevation and changes in the thickness ol the
weathered layer. The former correction removes dilterences in travel times duc only to
variations in the surface clevation of the shots and detector stations.  The weathering
correction removes  differences o travel times  through the near surface zone of

unconsolidated, low speed sediments, which may vary i thickness from place to place.

It 1s necessary to correct the data on reflection records for differences in surface elevation
and for the travel time in the weathered layer. The corrections are simular in principle to
those employed in refraction work, but there are some differences in their mode of

computation (Dobrin, 1976),

2.6 Refraction Tomography
Tomography is an imaging techmgue that generates o cross-scctional picture of an object

by uilizing the object’s response to the nondestructive, probing encrgy of an external
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source. Scismic Tomography makes use of sources that generate seismic waves to probe a

geological target of interest { Tien-when and Philip, 1994),

Several tomograplic echnigues have been applied 1o scismie [est arrival ravel tinie data
profile. Fomograpliic techniques develop best-fit velocity models by iteratively conparing
different velocity structures with ebserved data 10 a degree of resoiution specilicd by (he
modeler.  Greater resolution, however, docs not imply improved accuracy. The
tomographic analyses presented in this thesis used a simulated anncaling procedure, where
a controlled Monte-Carlo inversion is used to develop a globally optimized velocily model
of the subsurface. The method uses only first arrival time data and profile gecometry as
input. No initial assumiptions of veloetty structure or layermg are required. As such, the
method is casily applied and s well suited for mvestigation of areas dominated by complex
shallow siructure, significant velocity gradients and  variable topography. Another
advantage ol Toimography is that the minimum curve ray~path in the mversion delines a
maximmun depth of investigation whereas only estimates of the investigation depth arc
possible using more- traditional methods. In cases where insufficient data cxist, any
tomoyraphic inversion may ponerate false models. Therefore, in acquiring Tomography
data shots have o be taken at cach geophone point. The first shot taken at the beginaing ol
the profife, will give only o forward travel time and no reverse, the next shot taken ot the
first geophone will give o forward travel time, but zero reverse (ravel time. The shot taken
at the sccond geophone will produce a forward travel time and a small reverse travel time.
The shot taken at the centre of the spread will produce cqual forward and reversed travel
time. Thc shot taken at the end of the protile will produce only reverse travel time with

zero forward travel time as shown in Figure 2,11, Multiple shot points along a survey



profile provides greater data coverage for analysis and aids in generating a more accurate

model

N

Distance

Forward
W G WS Tn—— ee— [{L’\L‘["\U

Figure 2.1 1: Forward and reverse travel time curve for Tomography data
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CHAPTER TIHREE

INSTRUMENTATION AND FIELD PROCEDURE

Instrumentation

The basic 24-charmel Terraloe MK6 is a self-contained multi-channcl scismograph for cosl-

effective refraction and high-resolution reflection surveys, tomography, and more. This

instrument has been designed to function in all kinds of weather condition, hence, ity

suitabtlily worldwide. Some of its extraordinary and  powerful features include (he

following:

()

(i)

(1)

(1v)

™)

(vi)

Excellent resolution that makces use of 18 bit ADC {analog/digital converter) and 3

bit IFP (instantaneous floating point) amplifier.

Fully compatible with officc computer, using Microsolt MS-DOS version 6.0, an
internal 80-280 MB hard disk, 3% inch disk drive, and use of SEG2 standard data

filc formal.

Usable with various energy sources {even the new mini-vibrators) with record

length settings from 128 (o 16384 samples in cight steps.

Fickd quality control measurcments is possible using geophone test, noise

monitoring, and a wide choice of single or multi-trace view modes,

Full control and sclection of all operating functions can be done fron two lop panel
keyboards with 28 keys. When in the office, a PC-AT keyboard and scrial mousc

can he connecled lor convenience.

Excellent results for tomography and high-resolution seismic, can be obtaincd by

varying sampling rates from 25 s 1o 2 ms in steps.
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(vit)  Possibility of displaying full sereen of records of traces, awtomatic pick of first
armvals, list of first armival times, velocity caleulation, frequency analysis ol single

lraccs.

(vii))  Low weight, only 16kg, small volume, only 0.03m’, all in a robust water casing,.

Terraloe MK6 has output port for a printer, a serial mouse, an external keyboard and
monitor. Terraloc MK6 ofters a wide range of sampling interval (258 to 2ms) and number
of records to choose. The desired values can be set up lrom the *measure menu” Figure 3.1,
It is important to note that long sampling interval gives low number of samples and
contains less information, hence difficulty in interpretation, while short sampling interval
gives high number of samples with good information for interpretation, but it occupics a

larger storage space.

Also included in the measure menu is the layout geometry screen, which allows the entry
of the exact layout geometry in three dimenstons gencerally along, across, and up or down
the profile. The coordinate system comprises X, Y and Z ficlds. Normally X is distance
along, Y is distance perpendicular to the layout and Z s height above or below the layout.

The layout geometry screen also contains the source type and receiver type option settings.

Figure 3.2 shows the “view data’ menu sereen comprising three sections; the information
window, the command window and the data window. The information window is located
at the top, and as its name implies, contains information (hike sample mtervals, trace, time
ete.) about the current record, which is displayed, on the screen.  There are three modes of
display: all traces, single trace (or zoom), and spectrum form. The command window

(located to the night of the page) consists comprised of ten command buttons; cach (except
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the last one) is preceded by a quick aceess number, The data window 1s the largest part,

located towards the left, it displays the graphical trace,
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Figure 3.2: The view data menu

Velocity calculation can be done by moving the velocenty hne (Figure 3.2) across the
screen. When the hne s vlted, the window on top displays a velocity corresponding 1o the
tilts figure. In this way, the velocity line can be moved and tilted in such a manner that it
correlates with c.g. first arrivals i a refraction record. Thus the velocities for ditferent

layers can casily be determined,

First arrival times can be picked cither automatically or manually from the data. Alrcady
existing first armvals, can easily be edited, saved to disk, rcad from disk and clearcd from

Memory.

Spectrum analysis can also be carried out using Terraloe MK6. The spectrum can be used
1o estimate cutof frequencies for the digital fillers. 1t can also be used to analyze ground

noisc lor optional setting of the analog high pass and notch filters.
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The Terraloc Mk6 software is not meant to be used as a replacement for dedicated seismic
processing, interpretation and modelling software. However, there is aiways a nced to be

able to do some digital fittering, which is also possibie with the Terraloc MKé6.

The Terraloc Mké has a software disk and a disk width sample records. Each disk installs
the content automatically. Also to be used with Terraloc Mk6 are sets of 25, 45 Hz to 100
Hz vertical geophones, Twenty-four (24) geophones are connected to the twenty-four
takeouts on the cable feeding the twenty-four channels, with the remaining one acting as

trigger geophone.

3.2  Preliminary Preparations

Although, resistivity susvey has been done around this area (main campus) there is also the
need to carry out seismic survey to justify some long time effects on erected structures.
The geology of the arca has heen well established from studies carried out around the
Kubanni river region, this can be interpolated up to the main campus area. The sinking and
cracking of student hostels has initiated the urge to carry out a detailed study over some

prone areas 10 investigate the subsurface structure of some student hostels.

Based on the above considerations the period for the fieldwork was fixed for about three
weeks. Prior to this period, negotiations and application permissions had to be granted to
enter any of the student hostels. Therefore the month of June was for the preparation of the
fieldwork. Preliminary testing of the cquipment (Terraloc Mk6) was carried out on regular
basis in front of the Physics Depariment. Having tested the equipment successfully the

final date for the fieldwork was fixed. The map of the study area was collected, and the site
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for each of the borehole to be correlated, was located. Their positions were noted, which

was used as g gutde in planning the layout geomelry of the profiles.

3.3 Testing of the Equipment

With the sophistications of the seismic equipment now, the whole cquipment has been
compacled together in bulk, Jike a mobile portable computer system. The most imporlant
instrument 1s the Terraloe Mk6 and the vertical geophones (Figure 3.1). The best results
from any cxperimental work will depend on the functionality of the equipment and weather
constrain (rain, wind), among others. To attain the best precisions from the results, the

Terraloc Mk6 was tested for thiree weeks 1o ascertain its elfectivencss and sensitivity.

The instrument was tested by making use of the Terraloc Mko keyboard which has 28 keys
divided o numerical (upper) and command (lower) keys, External PC-AT keyboard was
also used during the process of (esting the cquipment. Terraloc has a main meou bar, which
contains the file menu, measure menu and view menu. The file menuy, contains the file
manager, which cnables the copy, delete, make directory, change directory, remove
directory and format commands. Another important menu ts the “Mecasure™ menu which
contains the sampling paramcter that cnables the selection of the different sampling
intervals and number of samples. Also included in the scttings is the layout geometry that
gives the opportunity to enter geophone spacing and shot location i three dimensions. The
view menu is mainly for viewing the traces, All the (races can be vicwed af (he same time
or single trace {or zoom) and in spectrum form. Filtering, final editing and velocity

calculation is carricd out under view mentt.
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Different layout geometries, which include forward profiling, reverse profiling and split
spread profile, were explored during the period of testing. Different sampling techniques
were used to observe the effectiveness of the traces. The input of the different channels
was carefully observed. The importance of the trigger geophone whose function is to
trigger the equipment was obvious during the testing of the equipment. The equipment test
was carefully and properly carried out, to ease logistic problems in the field and to reduce

error in the data collected.

Seismograph

ABEM TERRALOC MK6

Terraloc Mk6

Greophones

Figure 3.4: Terraloc Mk6, some sets of geophones and reels



34 Factors to be considered for Field Use

The seismic line must be centre over the required information arca and overall line length
must be three 1o five times the maximum depth of interest. Geophone SPACIng requires
closer spacing of between 3 1o 15 meters wide for shallow geophysical study. Repetition of
seismic refraction lines along a traverse will reveal lateral variations. Resulting data can be
used to indicate wrends of dipping layers and to detect anomalous conditions, such as
fractures and disturbed zones. Since the presence of a dipping layer may not be known
immediately on the field, it is necessary to run both forward and reverse lines to obtain true
velocities and depths, if the geologic beds are not horizontal. A reverse line is simply a
second set of seismic measurements with the source located at the opposite end of the same

line of geophones.

Typically, velocity anomalies (low velocities) will occur as the array crosses a disturbed
soil zone such as a trench. Figure 3.4 below show a typical waveform from a single
geophone. Multichannel seismographs unlike the single channel, increase the rate ol datu
acquisition using an array of 6, 12, 24 or more geophones. All geophone signals arc
recorded simultancously after imtiation from a single hammer blow. The display of
simultaneous waveforms enables the operator to measure arrival time by noting trends in
the composite data set. This is especially useful in noisy areas. More sophisticated
mstruments commonly incorporate a considerable amount of control over gain and (iltering

of the signals, which is of great use on difficult or "noisy" sites.
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Figure 3.4: Typical seismie waveform from a single geophone. Arrow marks amival of first compressional

wave,

Since the seismic method measures ground vibration, it is mherently sensitive to noise
from a vanely of sources. Signal enhancement 1s a significant aid when working in noisy
arcas and with smaller energy sources. Enhancement capability is available in most single
and multi-channel systems. Enhancement is accomplished by adding a number of seismic
signals from repeated hammer blows. The coherent seismic signal is ncreased in direct
proportion to the number ol blows, while random noise in the seismic signal is increased
only by the square root of the number of blows. This causes the seismic signal 1o "grow"”
out of the noise level, permitting operation i noisier environments and at greater hammer-
to-geophone spacing. The overall results provide a more accurate measurcment of the first
armval tme. Depending on site conditions, a hammer is useful for obtaining seisnic data o
depths of 10 to about 40 m; while a 250 kg (500-pound) drop weight is required for depths
of 50 to 100 m. A more powerful seismic source is necessary to obtain deeper data or for

work in noisy arcas although many sources are available for meeting specialized needs.
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(1)

Quality Control

Quahty control can be achieved in several ways:

(i)

A check of the scisnuc signal and noise conditions on the mstrument display
verified the proper functioning of geophones and trigger cables and the correct
setting of the mstrument.

Background or off-site data is often required for comelation 1o known geologic
information and to establish clean background data. This information is also usctul
as a relerence for evaluating complex site conditions.

Bormmg logs should be obtained to minimize the possibility that low velocily

{hidden layers) or thin beds will semam undetected.

Noise

Seismic signals are strongly affected by ground vibration noise; less so by geologic scatter.

In addition, the subjective pick of first arrival time can contribute a few milliseconds of

CITor

by:

. Unwanted vibrations winch affeet the seismic signal at the geophone may be caused

Strong, winds which move nearby trees:

Sounds ol anrplanes;

Surface sources, such as moving vehicles on nearby high-ways and railroads;
Ficld crews walking near geophones;

Nearby blasting or operation of heavy construction equipment,

Geologic scatter may be caused by lateral variation in layer composition or an irregular

mterface between layers, Such scatter can comphcate interpretation of the /D plot, but i

is also a valuable indicator of condition ol the site. Examples include:

Variations in the thickness of the "soil zone";
Boulders in glacial clay or till;

Zones of increased cementation in sandstone and limestone;
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* Lenses of sand in clay layers;
o Vanations i saturated water content caused by perched water tables;
e lrregular bedrock surfaces;

e Limestone contaiming numerous cavities.

3.5 Field Procedure

After assembling the equipment for the survey, a field party was constituted, made up of
the author, driver and Jabourers. The fieldwork commenced on 28" June 2006, A total
number ol 8 profiles was taken for this mvestigation. The data was collected for
tomography using the forward and reverse profiling method with a sampling interval of

250 ps. A total of 720 sample shot was recorded.

The istrument underwent some memory test before getting 1o the maim menu. A geophone
test was carried out at cach profile to check the level of noise and for any unconnected
geophone. The mstrument was then armed under the measure meny, and ready 10 receive
signals. The geophones were laid out at intervals of 5 m (in all profile) along side the reel
cable and then connected at the various takeouts on the cable. The position of the first
geophone was noted based on the direction of the forward profile and its connection 1o the
instrument. The direction of most ol the profiles was mainly East-West, duc to the
availability of profile-able lengths. With the Terraloe MK6 placed at the centre of the
spread, and all necessary connections of cablcs, trigger coil and powers made to their
appropriate channels, shots were taken on the base plate placed beside cach geophone and
the trigger geophone. For hard-ground arcas, a hittle hole is bored in the ground before

inserting the geophones. Each geophone had a good vertical contact with the ground.
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Scismie energy was sent into the ground with the aid of hammer blow; this triggered the
mstrument, which records the ground vibration. Shot was tuken st cach geophone and at
cach end of the protile, with oftset tor both the torward and the reverse profiles. The data

was saved, and the instrument was assembled and taken to the next profile.

3.6 Problems encountered on the field
The problems encountered in the field include:

(1) Hardness of the ground.

(i1)  The battery occasionally ran down alter being used for a long time, which
caused delay and incurred expenses of the ficldwork.

(111)  When taking data rcadings on a busy road, the noise ol cars and passcrshy
constituted a lot of seismiic noise, which can mask the real signal.

(iv)  Since the arca is alrcady built-up, it was dilTicult to obtain a perlect straight
profile line in some of the profiles taken and some offset extendes in to tarred

roads or close-by buildings along the profile lines.

3.7 Data Collection
The data collected at cach layout include:

(1) Date of the survey

(1) Type of layout

(1) The sampling inferval
(tv)  The number of samples
(v) The record file number

(V1) The height of the layout

All other information was stored i the memory of Terraloe MKG6.
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3.7.1 Precautions taken to ensure good result

)

(b)

(©)

()

Observation of traffic and movement within the survey area.

Betore any reading was taken, it was ensured that there was no movement ol any
kind closc to the layout, which coudd constitute noise, by obscrving the {low of
tradTie within the survey arca,

Ilacement of geophones

'The geophones were always pushed into the ground (o make good contact with
the ground. And they were placed so that thoy could maintain o vertical position
since they were vertical gcophones.

Placement of the trigger geophones

The trigger geophone was placed close to the shot pomt as much as possible in
order to have good onset time in the record,

Problem of offset

in the event of uny offsct ut the shot point or of the geophene position the

distancce was noted and updated in the record,
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CHAPTER FOUR
DATA PROCESSING AND INTERPRETATION

4.1 Introduction

All raw data collected in the fields, are impregnated with all sort of unwanted features and
to interpret such a data, rigorous mathematical deduction will be invelved, time and money
will also be incurred only to obtain a result which will not be convineing. Today as a result
of the break through in computer technology, (which has been successtully applicd i the
arca ol scisnue exploration), extensive calculations are ccononuncally feasible and data
quality ave controlled casily. Data processing has changed scisnie exploration so much
that the changes are referred to as digital revolution. Most seismic recording is now done
in digital form and most data arc now subjected to data processing belore being

imerpreted, {Telford et al., 1976).

Data Format, Processing, Interpretation and Presentation are steps necessary o obtain
desired results. First arrival times are usually measured from scismic signals in the field
and are recorded in tield logs and plots. Traveltime/distance (1/D) plots permit caleulation
of layer parameters. The results were then interpreted to yield a geologic section of the
subsuriace. The processing procedure begins with the determination of the first arrival time
10 cach geophone. The enhancement techmque was employed to aid in recognizing the first
arrivals on the display. Multi-channel scismographs can also assist in identifying this first
wave by revealing a trend in the composite received signals. Once the armval times are
determined for each geophone, the time/distance plot is constructed. Straight ine segments
are fitted 1o linear sections of the plot by least square techniques. The number of segments

and their slopes correspond to the number ol geologic layers and their velocities. These
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velocities wd certtical distances (determined by breaks in the line segmients) we used (o
caleulate the depth of the layer. Forward and reverse shot data taken can be used to provide
the true veloctties, depth, and dip ol cach Tayer in the case of dipping layers. Time/distince
plots may show abnormal slopes or breaks. Such plots reveal that the subsurface 15 not
composed of homogeneous layers of uniform thickness and velocity. Several types of
conditions are recogmizable from their charactenistic T/D plots. The degree ol geologic
scatter in the data 1s also a good indicator of subsurface conditions. Many possible pitfalls
exist m the acquisition, processing, and interpretation of scismic data. Solutions arc not
unique and all interpretations must be based on some assumptions about the site, together
with independent mformation on the geohydrological conditions at the site. Velocity
mverstons and thin bed cases may not be detected. Dipping  bedding can cause

considerable error in calculations: therefore, both forward and reverse hines must be used.

4.2 Processing of seismic tomography data

After every ficldwork follows a processing stage which was done i steps to obtain o
processed data good enough for interpretation. These different steps would be discussed.
The very first thing to do is 10 download the data from the Markb Terraloe by connecting
via a Local Area Network (LAN) cable to the computer, the data were saved m a labeled
folder named. The next stage of processing was the conversion of the raw data into the
Reflex format, using the software for the imterpretation of the raw data. A value of 5 was
set for “recciver start”™ in the “import data™ menu 120 for the “recetver end™, 0 Tor the shot
position and input format “SEG2™ were chosen. Under the plot option menu the scaling
factor was set to 20 and the clipping factor was set to 10, the “plotoption™ was set to

wigglemode, the imported data was stored with a name under “filename”. The importation
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was done by clicking “convert to Reflex”, and the data converted to Reflex format and

stored under the folder *“RAWDATA™,

4.2.1  ¥iltering

The next stage ol processing was the application of filtering processes. But before the
filtering, the monitor screen had to be spitted into two (the primary and the sccondary
window), by clicking “honzontal sphit”™ from the “plotoption”™ menu. on the menu bar. The
sccondary window contams the raw data, while the primary window holds the processed

data.

The first filter that was selected was the 1-D filter; under the 1-D filter menu is the
“bandpass frequency™ filter. The upper cut off frequency and the lower cut off frequency
were set to 150Hz and SHz respectively. Alterward, the “Processinglabel™ was entered
and (the processing label must be different from that of the primary file because original
and filtered datafife must not have the same filename) and cheking “Stant™ mtiated the
tiltering process. and the filtered data was placed in the primary window. To allow for the
next stage of filtering, the filiered data e the primary window was teanslerred to the
secondary window, by making use of “Change pnimary to sccondary™ button on the file

Menti.

The next stage of processimyg is the apphication of gain, 10 enhance the data quality. The
gain is apphied under the processing/gain menu. Clicking on gain, within the Gain window,
activates the option “manual gain (v)". A table appears on the right side for entering the
wain values together with a new window, which allows for interactively entering of the
pain values.
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On entering the wanted "Processing Label™ and clicking the “start™ command, the manual
gain processing begins. Again the processing label must be different from that of the
primary file. The manual gam (y) corrected data was plotied into the secondary window.
In order to use the filtered data set for the next desired filter step, the option “Change
Secondary To Primary” was activated having closed the gain window. The £am process

was repeated for weaker signals.

4.2.2 Picking First Arrivals

It is casicr to pick the first arrivals in a processed data than in the raw data, because the
direct and the refracted arrivals are well outlined. With the prck option activated, first
arrivals can be picked from the record. The instrument provides a choice between manual
picking, continuous pick and a semi- automatic picking using a “phase follower™. Using
manual pick, with the option “Set Pick” activated, a pick can be set with the left mouse
button. The same applies to the manual removal or change of an existing pick after
selecting the options “remove” or “change™, respectively. Here, those picks are removed or
changed which are next 1o the current cursor position. The right mouse button allows one
to toggle between the options “set™ and “change™. The manual prcking of phases is
superior to the automatic picking in respect of time consumption for small data sets and in
respect of accuracy for data sets of bad quality. For large data sets it is recommended to
have a desired phase semi-awtomatically picked first and then to check the quality of the
automatically set picks and corrects them manually if necessary. The picks can be saved
with an arbitrary name or automatically if “automaticname™ is activated and reloaded any
time using the option save and load pick. When saving the pick use the option

"RellexWin®™ and “2Dtomography™ so that the saved pick would be made avanlable during
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tomography generation. The picked values can also be manually used o plot the forward

and the reverse time curve for depth and velocity detenmination.

4.2.3. Assigning the picked travel times into layers
Enter the module “traveltime analysis 2D7, Load the wanied traveltimes that shall be
interpreted together using the option “file/ load wraveltimes™. Choose all wanted picked

files, which shall be mterpreted together making multiple choices using the shift key.

Use the oplion “Edit/ Insert ShotzeroTraveltime” in order to insert a zero traveltime at all
shot points il (his zero traveltime is not still defined. This is usctul in order to better
determine the velocitics of the uppermost layer. Boter a flename for the actually pul
together traveltimes and save them on disk. Incrcase the layer number to 1. Activate the
option “assign” in order to assign the wanted traveliimes (o layer 1. Assign the traveltimes
to layer | by using the different possibilitics. The traveltimes assigned to layer 1 will be
highlighted (default colour green), save the traveltimes. Activate the option “combine™ in
order (o do the inversion for the first layer. The inversion for the first layer only consists of

the determination ol the velocity.

Activating the option “wavefront- inversion” and a new window opens (the Modeling
window) and a model will automatically be created consisting of onc layer with the
velocitics tﬁkcn from the lincar regression analysis of the assigned traveltimes. Some
changes of the model could be elfected (c.g. remove some unwanted veloeity points).
Enter a modet Nlc name and save this model on disk and close the modeling window,
Increase the “layer number” to 2, Activate the option “assign” in order to assign the

wanted traveltimes (o layer 2. Assign the traveltimes to layer 2 by using the differcnt
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possibilitics. The traveltimes assigned (o layer 2 will be highlighted (default colour blue).
Activaic the option “combine” in order 1o do the inversion for the scecond layer, enter the
forward and the reverse shot numbers - these numbets deline the range for doing the
mversion of the aclual layer. Activate the option “generate”. When the opltion autocombine
is chosen a complete combined travellimecurve (forward and reverse) is generated and the
total forward and reverse travehimes are shown. I total forward and rcverse traveltimes
difference is more than 5 ms, activate the option “balance™ in order 10 balance the forward
and reverse traveltime branches.  Activate the option “wavefront-inversion™, a f{ile choice
window opens, in order to choosc the model file containing the f(irst layer alrcady
interpreted. The chosen model hle is shown within the modeling window, Enter the wanted
increment “DeltaX” for the wavelront inversion (e. g. 0.5), start the wavelront- inversion

using the option “start”.

The new layer boundary is plotied into the model. Extrapelate the inverted boundary to the
moadel borders using the option “hortzontal interpolate ar Extrapolate”, and do some
changes of he modcl i necessary. Save the model using the old or new filename. Close

the imodeling menuw. Repeat the previous steps tor layer 3 and so on.

4.3  Performing the refraction tomography

Activate the option “Tomo™ The “TomographyGroupBox” opens. Within this group box,
enter the neecssary (omography parameters.  Load the data using the option “load data”™.
Enter the wanted “space increment”™ (equal in x- and z-direction). Normally this increment
should be small enough in order o allow small-scaic variations with depth. It may be
sigmificantly smaller than the receiver inciement. The following options must be sct for the

refraction wmography: activaie the option “curved ray”, Sct the parameter “start curved
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ray™ Lo 1. Enter a quite large value for “max.delichange (%6)7, c.g. 200 %, Qflen it is uselul
to lorce the first iteration by activating the (option “force Literation™) (o gencrate a new
model even il the resulting residuals are larger than for the starting model. Enter a
smoothing value in x-dircetion (paramcler "average x”, c.g. 10), Activate the option “show
resull” in order to display the tomography model after iteration progess. Eater a name for

the finad model and save. Note; do not use the same name like that ol the starting model.

“Start” the tomography. The tomographic result is stored using the “normal” REFLEXW

format. Display the result within the 2D-dataanalysis. (Sandmeier, 2003).

4.4  luterpretation

The interpretation of seismic data, involves its expression in geological tcrms. When
competently carried out, it requires the [itting together of all pertinent geological and
geophysical information inlo an integrated picture that is mote complete and morce reliable
than cither sourece is likely lo give aI;t)nc_ Ideally, this integration would be accomplished
most cfficiently if' it were done by a single person highly competent both in geophysics and
geology. In actual practice, individuals with adequate training and expericence in both ficlds
are very fow and it is usually necessary for a geophysicist and a geologist to collaborale at

this stage of inlerpretation, (Dobrin, 19706)

4.4.1 Data Interpretation

The travel time curves ol the profiles were plotied for (he dircet and refracted waves, 1o
determine the velocities of the various layers. From the travel time plot i was obvious that
muost of the profiles have a dipping layer as observed i the mtercept times and i the slope

of the refractor. As a guide to the secismic Tomography, it is necessary (o deteg the
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thickness of the overburden and the depth o basement, using the following formulas
shown below.
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Where vy is the velocity of the first layer
vs 1s the velocity ol the second layer
v, 1s the eritical distance
£, 18 the mtereept time
zq 15 the perpendicular distance at the down dip end of spread
7,18 the perpendicular distance at the up dip end of spread
d, is the thickness of the overburden at the up dip side
dy 15 the thickness of the overburden at the down dip side
i, 1s the entical angle of incident

0 is the angle of dip.



From the forward and reversed travel time curve plotted for the various profiles, the
thickness of the overburden, the velocity of the overburden, and the velocity of the
refractor were determined. It is important to note that cach profile was sited with the
borehole at the center of the profile. Each site contains two profiles i.e. site | - profiles |

and 2, site 2 - profiles 3 and 4, site 3 — profiles 5 and 6, site 4 — profiles 7 and 8.

The first site is located at the Akenzua Hall (Postgraduate hostel). The Ist profile (Figure
4.1) was sited behind the Benin Block in the hostel, with the profile running in the north-
south direction. It is a slightly dipping layer. The over burden velocity was estimated to be
84 1m/s and the refractor velocity, 2087m/s. the thickness of the over burden was estimated

to be 10.06m.

Forward traveltime A

Reverse traveltime ()

TIME (ms)

0 10 20 30 40 50 60 70 80 90 100 110 120
DISTANCE (m)

Figure 4.1: Travel time plot for profile |
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The 2™ profile (Figure 4.2) is extends from Ife block through Kano block and the Akenzua
Mosque. The profile is dipping in the eastern direction of the profile line. The overburden
velocity was estimated to be 784m/s, which is an average of the forward and the reverse
profile. The up dip refractor velocity was estimated to be 2798m/s, while the down dip
refraction velocity was estimated 1o be 1876 m/s. The thickness ol the overburden at the up

dip was estimated to be 16.34m while the down dip was determined to be 7.35m.
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Figure 4.2: Travel time plot for profile 2

The second site is located at the Amina hostel (Girls hostel). The 3 Profile (Figure 4.3)
extends from block 9 through the common room into the main Mosque. in the east-west
direction. The profile has a dipping layer in the eastern direction. The overburden velocity
was estimated to be 879 m/s, an average from the forward and reverse profile. The
refractor velocity at the up dip was estimated to be 2966 m/s and at the down dip it was

estimated to be 2509 m/s. The thickness of the overburden was determined to be 14.7 m
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from the shot point (up dip) and from the down dip 8.3m. Figure 4.1 show the travel time

curves for the direct and refracted rays.
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Figure 4.3: Travel time plot for profile 3

The 4" Profile (Figure 4.4) is at the second borehole located just behind the Amina Hall
cafeteria (behind block 6 and close to the back gate entrance) it has a dipping layer, in the
eastern direction. The velocity of the overburden was estimated 1o be 935 m/s by averaging
both the forward and reversed profile. The up dip refractor velocity was estimated to be
2343 m/s, and the down dip refractor velocity was estimated to be 2094 m/s. The thickness
ol the overburden from the shot point at the up dip side was estimated at 11.22 m, and

thickness of the overburden from the shot point at on the down dip side is about 8.16 m.
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The third site was located at the Ribadw/Alexandra Hall (Girds Hostel). The 5 profile
(Figure 4.5) was focated behind Lb close to the small student Mosque where the borehole
is sited. It shows a dipping laver. The overburden velocity was estimated to be 1126mv's
and the refractor velocity was estimated to be 2641m/s. the thickness ol the overburden

was deternmuned to be 11.92m.

(§18)



-
o

S

Forward travel-time A
Reverse travel-time @

TIME (ms)

10 20 30 40 5.0 60 70 B.O 90 160 110 120
DISTANCE (m)

Figure 4.5: Travel time plot for prafile 5

e h = . . . =

e 6" profile (Figure 4.6) was sited behind the Ld block. The profile, taken along the
cast-west direction shows a slightly dipping layer. The overburden velocity was estimated
to be 1049nvs. The velocity of the refractor was estimated at 2666 nvs. The thickness of

the overburden was determined to be 10.27m.
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Figure 4.6: T'ravel time plot for profile 6

The fourth site is located at the Suleiman Hall hostel (Male hostel). The 7" profile (Figure
4.7) extends from the transformer house through blocks SA and 6A, pointing in the east-
west direction. The overburden velocity was determined to be 930m/s, and the refractor
velocity was determined to be 2977m/s. the thickness of the overburden was determined to

be 9.44m.
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Figure 4.7: Travel time plot lor profile 7

The 8" profile (fig. 4.8) was sited beside the F's and A’s blocks, extending from the A
block common room through blocks AS, A6, A7, F6, F4 1o block F2. The profile line 1s in
the north-south direction. The overburden velocity was determined to be 1131m/s, while
the relractor velocity was deternuned to be 2212nv/s. the thickness of the overburden was

determined to be 8.94m.
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Figure 4.8: Travel time plot for profile §

Finally, from the results obtained so far, one can conclusively say that the average
thickness of the overburden within the survey areas is about 13.7 m, and that the survey

area 1s characterized by dipping layers, in the direction of West to East of the survey arca.

4.5 Interpretation of the tomography section

The Tomography section is the colour image of the earth’s structure, with cach colour
representing a range of velocity, characterized by the rainbow colours (blue, light green,
yellow, orange, red, indigo to purple colour). Each Tomography section has a colour bar
code of velocity range, corresponding with the velocities of the respective layers.

A close examination ol each of the Tomography section around each of the borchole sited

in the hostels will be discussed in detail.

The first tomographic section (Figure 4.9) located at the Akenzua hostel, indicates that, a

particular section shown in blue at the centre of the spread, starting from a depth of about
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(1.0 o 10.0m, having a velocity range of 648 nvs to 1108 nvs, represent the overburden,
which includes the top surface soil (sand clay and laterite) and has a standard velocity
range of 350 nvs 1o 1200 m/s (Table 4.9). This correlates exactly with the borchole log
(Table 4.1) that was located exactly at the center of the spread, with a hthology ol reddish
brown Top soil (between 0.0 to 5.0m) and reddish brown Sandy soil at a depth of about

5.0mto 9.0 m, as overburden layer.

The next layer which starts at a depth of about 10.0 m to a depth of about 24.0m, with a
velocity range of 1262 nvs to 2640 nv/s, represents a weathered basement which has
extended to the Fresh Basement. This fayer s made up ol saturated sand and clay. It has
a standard velocity range ol 1500 mv/s to 2000 m/s and also correlates exactly with the
borchole log (Table 4.1) which has a lithology of Grayish brown sandy clay (3.0m),
Mottled clay (5.0m) and Coarse 1o Medium grain sand {5.0m) as weathered layer (9.0m 10

22.0m).

The Fresh Basemient starts at a depth of 24.0 m basced on the high velocity rangimg from
about 2040 nvs to 3099 nv's and above. This also agrees with the borchole log, which has o
hthology of probably quartzite occurring with gneiss and fresh crystalline rock from a

depth of 22.0 m and above.

68



Z-distance (m)

X-distance (m) Vp (m's)

3 10 20 30 40 50 60 n B0 €0 100 110 . §

Figure 4.9: Tomographic Section of profile I- Akenzua Hostel.

Borehole log | - Akenzua

I'ractured Basement.
2.0m to 27.0m deep.

Reddish brown wravish brown sandy
opsoil and sandy lay. Mottled clay.
lay. 0m o 9.0m ‘oarse/Medium
sravish sand. 9.0m 1o
2.0m deep.
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Table 4.1: Lithology, Aquifer and Geologie section of borchole 1 Akenzua Hostel
(Hydro-Skill Lid., 2006)

DEPTH (m) | THICKNESS FI,ATI-ZH DEPTH | INTERPRETED | HYDROLOGICAL |

FROM | TO {in) (m) il LITHOLOGY (llg\l{!\( TERISTICOS
Reddish brown B
0.0 5.0 50 topsml.
1 Overburden Reddish brown S

5.0 9.0 4.0 0.0 9.0 sandy clay

B - - o .(i;nyi.-.h brown R

9.0 12.0 3.0 sundy clay r

12,0 17.0 S0 Muottled 1‘1:.&_5 I
o ' - i Weathered basement | Coarse to Medium

170 | 220 5.0 9.0 - 22.0 gramed sand Aquifer

Fresh Basement )
220 | 270 5.0 12-0 27.0 Fractured basement | Aquifer

The sccond layer, represented by three colours (green, vellow and red), 1s the weathered
basement, which extends from a depth of about 8.0m to a depth of about 25.0m, with
velocity range of 1161 mvs to 2176 w/s. The borehole log shows a lithology of grayish
brown sandy clay (2.0m), mottled clay (5.0m) and coarse to medium grained sand (3.0m)

as weathered basement from a depth of 8.0m to 18m.

The fresh basement is outhined in the model; it starts at a depth of 25.0 m and continues
downward. The borehole log shows a close correlates with fresh basement starting from a

depth of about 18.0m to 27.0m and above, Table 4.2
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Figure 4.10: Tomographic Section of profile 2- Akenzua Hostel

Borehole log 2 - Akenzua

Fractured Basement.
18.0m to 27.0m deep.

arayish brown sandy
lay. Mattled clay.
Coarse’ Mediom grayish
sand. 8.0m to 18.0m
leep.

Reddish brown
opsail and sandy
lay. Om 1o 8.0m
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Table 4.2: Lithology, Agquifer and Geologic Section of Borehole 2- Akenzua Hostel

(Hydro-Skill Ltd., 2006)

DEPTH (m) THICKNESS LAYER DEPTH INTERPRETED I HYDROLOGICAL
CFROM | 1O (m) (m) LITHOLOGY | CHARACTERISTICN |
Reddish brown '

00 |30 30 [ wopsoil. | -
Owverburden Reddish brown - i
30 | 80| so | 0080  |sidyclay

Grayish brown R [
80 w0 | 20 sundy clay '
Muotthed clay I
10.0 15.0 5.0 [
Weathered basement | Comse 1o Medium Aquater |
15.0 8.0 30 8.0 - 18.0 prammed sand _ -
Fresh Basement Fractured basemient Aquifer '
180 | 270 00 180 270 | - _ |

The next site is located at the Amina hostel. Figure 4.12 shows the Tomography of profile
3, which extends from block 9 into the Mosque. The blue colour in the scction represent
the overburden. It extends from 0.0m to about 10.0m, with velocity range of 661 mv/'s to
1162 m/s. This correlates with the borehole located at the center of the spread whose
lithology consists of reddish brown top soil (4.0m) and reddish brown sandy clay (3.0m) as

the overburden (7.0m thick) Table 4.3.

The next layer consisting of the green, yellow and red colour codes, start from about 10.0m
1o 22.0m, 1t has a veloeity range of 1328 nvs to 2004 mvs. This layer 1s made up ol
saturated sand, representing the weathered basement, which has extended far into the fresh

basement as shown in figurc 4.11. This correlates with the borehole, table 4.3,

Although the fresh basement 1s not continuous from a depth of about 22.0m and above, 1t
appears like an out-crop at one end of the spread. It has a velocity range is from 283 1m/s to

333 1ny's and above. This correlates with the borchole log. Table 4.3
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Figure 4.11: Tomographic Section of profile 3 - Amina Hostel

Borehole Log 1 Amina Hostel

‘ractured Basement
3.0m 10 30.0m deep.

eddish brown sravish brown sandy
opsoil and sandy slay, Fine to Medium
lay. Om to 7.0m rrain sand. Coarse
rrain sand. Medium
rrain sand. 7.0m to
3.0m deep.
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Table 4.3: Lithology, Aquifer and Geologie Scction of Borchole 1-Amina Hostel (Hydro-

Skill Lid., 2006)

DEPTH () | THICKNESS | LAVERDEPTH | INTERPRUTED | HIVDROLOGICAL
FROA | TO (m) (m) ERTHOLOGY CHARACTERISTICS |
Reddish brown |I
00 |40 40 | topsoil. - — |
Overburden Reddish brown
| 40 170 ) 30 | 2 00-70 | swdyclay S
Grayish brown
7.0 10.0 30 | sandy clay _ o
Fine to Medium Aquifer
10.0 14.0 a0 . gramed sand
Weathered basement | Coarse gramed Aquifer |
14.0 17.0 3.0 7.0 - 23.0 sand |
1 Medum gramed Aquifer —1
| 170 230 60 sand TSN —
Fresh Basement 23.0 | Fractured basement Aquifer 1
20 |00 70 | 00 R S |

The Tomographic scction (Figure 4.12) of profile 4 (starting from the block 6 1o the
cafeteria) m the Amina Hostel shows an overburden (representing the blue colour) of
mainly sandy clay up to a depth of about 6.0m at the end of the profile and about 10.0m at
the start of the profile. The velocity of the overburden is between 758nv/s to 1248nm/s. This
correlates with the borehole log (Table 4.4) with lithology of reddish brown top soil (6.0m)

and reddish brown sandy clay (2.0m) as overburden (8.0m thick).

The next layer starts from a depth of about 6.0m to 24.0m at the end ol the profile and
from 10.0m and above at the start of the profile, with velocity range of 1411nvs to
2717mv's. This weathered layer extends far into the basement (a sign of dipping layer) and
is made up of the saturated sand. This correlates with the borchole log (table 4.4) with
lithology of grayish brown sandy clay (4.0m), Fine to Medium grain sand (2.0m), Coarse
grain sand (2.0m) and Medium grain sand (9.0m), representing the weathered basement

(8.0m to 30.0m).
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The fresh basement appears like an out-crop towards the end of the profile, from a depth of
about 30.0m, with velocity range from 2880m/s to 3300m/s and above. This velocity

shows a probably of having Gneiss and Schist as basement.
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Figure 4.12: Tomographic Section of profile 4 — Amina Hostel

Borchole Log 2 — Amina Hostel

- _' =rat Z=
I ractured Basement
25 0m to 37.0m deep.

arayish brown sandy
lav, Fine to Medium
wrain sand. Coarse grain
sand. Medium grain
and. 8.0m to 25 0m

eep.

eddish brown topsoi
ind sandy clay. Om 1«
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Table 4.4: Lithology, Aquifer and Geologie Section of Borchole 2 - Amina Hostel (Hydro-

Skill Ltd., 20006)

DEPTH () | TIHCKNESS | LAYERDEPTH | INTERPRETED | HYDROLOGICAL
; TTHOLOGY | CHARACTERINTION
FROM | 10 " m | MTHobGy AT

Reddish brown
0.0 6.0 0.0 I topsoil.
Overburden Reddish brown !» B
_60 (80} 20 | 00-80 | sandyclay -
Grayish brown
5.0 120 40 8 | sandyclay -
Fine to Medim
120 L»I-I_U 2.0 l_gl';mu:d sand
i | Weathered basement Coarse gramed Aquifer

140 | 160 20 8.0 250 sand
I - - Medum grned Aquifer

6.0 250 90 sand

Fresh Basement Fractured basement Aquifer
L 250 [ v | 120  [250 370

The next site 1s the Ribadu hostel. Figure 4.13 shows the Tomographic section of the 5™
profile behind the Le block. The blue colour represent the over burden which extends from
0.0m to about 6.0m, with velocity range of 1121nv/s 1o 1439m/s. This correlate with the
borchole log (Table 4.5) located at the center of the spread, with lithology of reddish

brown top soil (2.0m) and reddish brown sandy clay (2.0m) as overburden (5.0m thick).

The next layer (contains the green, vellow and red colours) starts from a depth ol about
6.0m to about 25.0m and has velocity range from 1545n/s to 2393n1/s. Thesce represent the
weathered basement made up of saturated sand. This correlates to a certain depth with the
borehole log whose lithology consist of Grayish brown sandy clay (3.0m), Fine to Medium
grained sand (2.0m), Coarse grained sand (5.0m) and Medium grained sand (10.0m) as

weathered basement (20,0m thick) Table 4.5,
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The third layer containing the purple colour represent the fresh basement (probably of
Gneiss or Schist), which starts from a depth of about 25.0m and above and has a velocity
range of 2393m/s to 2817m/s and above. This correlates with the borehole log with a

lithology of fractured basement Table 4.5,
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Figure 4.13: Tomographic Section of profile 5 — Ribadu Hostel

Borehole Log | — Ribadu Hostel
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Table 4.5: Lithology, Aquifer and Geologic section of Borchole 1 Ribadu Hostel (Hydro-

Skill L., 2000)

DEPTI(m) | THICKNESS | LAYER DEPTH | INTERPRETED | HYDROLOGICAL i
koM (10 ) m) | LITHOLOGY | CHARACTERISTICS
Reddish brown
0 10 3
o0 |30 | 30 ool |
| Overburden Reddish brown
3.0 - ‘\l!_}_ 20 . U:(_}“ 5.{}_ sandy clay ) - '
Crrayish brown |
5.0 5.0 RN sandy clay
N Fine to Medium - 1
80 Jwo | 20 | gramedsand | 0
Weathered Coarse grained Aquifer
100 | 150 | 50 basement 50— | gyng
25.0 Medmm gramed Aquifer
| 150 1250 wo 4 _sand — o
Fresh Basement Fractured Aguifer
| 250 40.0 150 25.0- 40.0 | basement 1

Figure 4.14 shows the Tomography of profile 6 located behind the Ld block. The blue
colour section starting from 0.0m 1o a depth of about 8.0m, with velocity range from
631nvs 1o 1106mvs, represents the overburden made up of sandy clay. This correlates
exactly with borehole log (Table 4.6) located at the center of the spread, with lithology of
reddish brown top soil (4.0m) and reddish brown sandy clay (2.0m) as overburden (6,0m

thick).

The sccond layer consisting of the green, yellow and red colours that extend from 8.0m to
18.0m with velocity range from 1264nvs o 2530m/s represent the weathered basement.
This layer is made up of the saturated sand and correlates with the borchole log whose
hithology consist of the grayish brown sandy clay (4.0m), fine to medium grained sand
(4.0m), coarse grained sand (3.0m) and medivm grained sand (3.0m) as weathered

hasement ( 14.0m thick) Table 4.0,
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The purple colour code starting from a depth of about 18.0m and above with velocity range
from 2600m/s to 3183m/s represents the fresh basement layer (mainly gneiss or schist).
This correlates with the borehole log as the fractured basement.
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Figure 4.14: Tomographic Section of profile 6 - Ribadu Hostel

Borehole Log 2 — Ribadu Hostel

eddish brown topsoil wravish brown sandy ractured Basement,
nd sandy clay. Om to clay, Fine to Medium 0.0m 1o 37.0m deep.
m deep. srain sand, Coarse grain

sand. Medium grain
sand. 6.0m to 20.0m
eep.
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Table 4.6: Lithology, Aquifer and Geologic Section of Borchole 2- Ribadu Hostel (Hydro-
Skill L., 2006)

0.0

40
[

6.0

1060
14.0

17.0

20.0

. —

DEPTH () |
FROM |

10
4.0

60
10.0
14.0

170

2000

37.0

TIICKNESS |

17.0

LAYER DEPTH
{im)

Overburden

0.0-6.0

Weathered basement
60 200

Fresh Basement 20.0
- 370

CINTERPRETED

LITHOLOGY
h_{cddish brown
topsoil.

“Reddish brown

sandy clay

Grayish brown
sandy clay .
Fine to Medim
praned sand
Coarse 1o gramed
sand
Medinm gramed
sand
Fractured
hasement

HYDROLOGICAL
CUHARACTERISTICS

]

Aquier

Aquifer

A |;1 Wer

The next site 1s located at the Suleiman Hostel. Fig. 4.15 shows a Tomography of profile 7

located close to the transformer in front of block A4 and extending in between block A5

and AG. The top blue colour section extends from 0.0m to about 12.0m, with velocity

range of 951nv's 10 1464ny/s, representing the overburden (mamly laterite and sandy clay).

The borehole log (Table 4.7) situated at the center of the spread correlates. The lithology

shows the over burden (0 to 8.0m) consisting of reddish brown top soil {5.0m) and reddish

brown sandy clay (3.0m) as overburden (8.0m thick).

The next layer starts from a depth of 12.0m to 26.0m with velocity range from 1464 1o

2984m/s represent a layer made up of saturated sand. This fayer 1s the weathered basement.

The borehole log shows a weathered basement (from 8.0m to 22.0m) consist of grayish

brown sandy clay (3.0m), finc to medium grained sand (4.0m) and coarse grained sand

{5.0m) Table 4.7,
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The next layer is the purple colour with velocity range from 2984m/s to 3660m/s and depth
from 26.0m and above representing the fresh basement. The borehole log shows a fresh

basement (from 22.0 to 37.0m) consisting ol the fractured basement Table 4.7.
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Figure 4.15: Tomographic Section of profile 7- Suleiman Hostel

Borehole Log 1-- Suleiman Hostel
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Table 4.7: Lathology, Aquifer and Geologic Section of Borehole 1
(Hydro-Skill Ltd., 2006)

FROM

DEPTH ()

CTHICKRNESS

FLAYER DETT

10 () {m)
50 | 5.0 -
Overburden
80 0 | 0080
1.0 1o
15.0 40
- | Weathered
220 7.0 basement 8.0
20
Fresh Basement
15.0 22.0-37.0

INTERPRETED
LITHOLOGY

IReddish brown
topsoll.
Reddish brown
_sandy clay
Cirayish brown
_sundy clay

Suleiman Hostel

HYDROLOGICAL |
CHARACTERISTICON

Fine to Medium
grained sand
Coarse to gramed
samd

Fractured

basement

Eig— —

Aquifer

j\;m fer

.‘\?ulfc_r -

Figure 4,16 shows the Tomography of profile 8 located beside F and A blocks, extendmng

from block ¥2 10 block AS. The blue colour starting from 0.0m 1o depth of about 6.8m

with velocity range of 1001nv/s 1o 1442nv/s represents the averburden layer consisting ol

mainly laterite and sandy clay. The borchole log sited at the center of spread, show a close

corrclation with the lithology ol reddish brown top soil (3.0m) and reddish brown sandy

clay (4.0m) representing the overburden (0.0m to 7.0m). Table 4.16

The next layer consisting ol the green, yellow and red colour starts from a depth ol about

0.8m to 26.0m with velocity range of 1442m/s to 2700m/s represemt the weathered

basement of saturated sand. The lithology of the log shows a grayish brown sandy clay

(2.0m), Fine to Medium grained sand (3.0m), Coarse grained sand (8.0m) and Medium

grained sand (5.0m), representing the weathered basement (7.0m to 25.0m).

The purple colour code starting from a depth of 26.0m and above with velocity range
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2766m/s to 3355m/s. represents the fresh basement, which is probably Schist or Gneiss.

This correlates with the log, showing fractured basement (25.0m and above).

X-distance (m)

) W0 M W 4 S0 60 7 80 % 100 10 12

1w

Z-distance (m)
®

Figure 4.16: Tomography section of profile 8 — Suleiman Hostel

Borehole Log 2 — Suleiman Hostel
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Table 4.8: Lithology, Aquifer and Geologic Section of Borehole 2- Suleiman Hostel
(Hydro-Skill Ltd., 2006)

C DEPTIH (m) THICKNESS | LAYERDEPTH | INTERPRETED | HYDROLOGICAL |
FROM | 1O (m) (m) LITHOLOGY | CHARACTERISTICS
' 1 Reddish brown | o
00 |30 30 topsoil. o
' ' - Overburden Reddish brown
o {70 (40 | 00-70  |sandyclay
Grayish brown
[ 7.0 9.0 2.0 sandy clay
i R ] .l"Illl'_ln-:\r‘]l.‘l.iullll )
9.0 12.0 3.0 gramed sand
Weathered Coarse gramed Aquitfer
12.0 200 8.0 basement 7.0 sand
e e L Medium grained A
20,0 250 5.0 sand
I Fresh Basement Fractured .-\qm. fer
250 | 310 | 12.0 | 25.0-37.0 _basement ]

Further deductions can be made from the tomography section. Close observations show
that; proliles 1, 2, 3, 4 and 8 are dipping layers in the eastern direction (with the up dip
point at the first geophone point and the down dip point a1 the last geophone position) and
profiles S and 7 are dipping layers in the western direction (with the down dip point at the
first geophone point and the up dip pomt at the last geophone position). A close
examination ol the sections shows that the weathered layer extends down inmto the fresh
basement. Some of the tomography sections show thin layers of weathered layer and this
implies that the layer cannot support the storage of water. The borehole log shows that all
the layers contain clay to about 16% to 20% except for the Akenzua Hostel were the clay
or clay mixed soil 1s above 20%, this clay layer absorbs the water and expands thereby
leaving very little amount of water for the next layer. This give recason why any borchole in
this arca cannot yicld water effectively. The cracking and sinking of buildings in the

Ribadu and Suleiman Hostels may be due to the poor foundations laid on these clayey
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