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Abstract

Drilling performance is a critical factor for the sustainability and profitability of mining projects. The work
correlated the wave velocities of some basement complex rocks types on their in situ and laboratory determined
penetration rates in north central Nigeria. Rock samples were collected from five locations each of the four
different rocks types, namely Karmo (Granite Gnesis); Lugbe (Granodiorite); Keffi (Granodiorite Gneiss); and
Kwata (Porphyroblastic Granite Gneiss). The wave velocities (Compressional Vp and Shear Vs) and penetration
rates (In situ and laboratory) were determined using the appropriate standards. The results of the research
showed that wave velocities of the rocks correlate well with the penetration rates. It was found out that Lugbe
(Granodiorite) which has the lowest wave velocities of 2641m/s and 1637m/s of Vp and Vs respectively was
observed to have the highest penetration rate values of 3.43cm/min and 20.1cm/min for both in situ and
laboratory respectively. Conversely, Keffi (Granodiorite Gneiss) that has the highest wave velocities of 5045m/s
and 2618m/s of Vpand Vs respectively has the lowest penetration rate values of 1.88cm/min and 7.14cm/min for
both in situ and laboratory respectively. The results of the same tests conducted on the rock types from Karmo
and Kwata also show the same trend. It was observed that the higher the wave velocities of rocks, the lower the
penetration rates. The correlation between wave velocities and penetration rates were found to be strong and
their relationships were established mathematically and this will serve as a guide for investors on drill bit
performance in quarrying operations.
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INTRODUCTION mining industry. Kahraman (2010a) outlined a
The study area is a typical example of the number of factors that influence the wave velocity of
Precambrian Basement Complex of North Central rocks, such as rock types, density, grain size and
Nigeria, which consists of migmatite/migmatitic shape, porosity, anisotropy, pore water, confining
gneiss, including banded varieties; the schist belt pressure and temperature, weathering and alteration
constituted by mica schist and tremolite-schist zones, bedding planes and joint properties
(Obiora and Ukeagbu, 2009). In the investigation of (roughness, filling material, water, dip and strike).
the factors controlling insitu rock properties, Hartmut Khandelwal and Ranjith (2010) concluded that the
(2011) concluded that that crustal and mantle rocks mechanical laboratory testing of density and elastic
are very complex materials and their seismic properties of the intact rock material significantly
properties at depth are affected in a very complex improves the accuracy of interpretation of P-wave
manner by a number of lithologic and physical measurements, especially in situ conditions. A
factors. number of researchers have found that the wave
velocity is related to rock properties like density,
Rock masses undergo complex geological processes compressive  strength and Young’s modulus
and a variety of stress situations, the magnitude of (Kahraman 2001b; Yasar and Erdogan 2004;
such stress can have a significant influence on the Sharman and Singh 2008).
physical properties of the rock masses. (Bian et al.
1999 and Li et al. 2003). Adeyemo et al., (2018) also ~ When an intact rock is taken out of its original
showed that mechanical characteristics of rock have geological environment, the in situ stress are released
great influence on the drillability. According to and the physical properties of the rock block will be
Khandelwal and Ranjith (2010), measuring P and S changed. This unloading effect of rock blocks might
wave velocities is an easy and simple task which can make the P-wave velocity in intact rock samples
be carried out in the site and Lab. They added further lower than that in rock masses (Bian et al. 1999 and
that this ease of determination justified the usage of Li et al. 2003).
wave velocity over the years in geotechnical and
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P- and S-Wave velocity are controlled by the intrinsic
properties of the rocks (Mineral mode, chemical
composition, metamorphic grade, and
crystallographic preferred orientation of constituents
minerals) and by the physical environment of the
crust (temperature, pressure, porosity, fluid content
etc.) (Hartmut, 2011).

Many researchers have been able to establish the
relationship between wave velocity and uniaxial
Compressive strength. Eslami et al. (2012)
investigated strains and elastic wave velocity under
short-term uniaxial compression tests to reveal the
mechanism of cracking evolution. Najibi and Asef
(2014) observed that an increase in confining
pressure, Vp and Vs increase with an exponential
trend at low pressure, becoming linear above a
critical pressure. Sengun et al. (2011) investigated Vp
under different axial loading to reveal the effect of
axial load on the Vp and Vs of rocks. They concluded
that there is a poorly defined relationship existing
between rock wave velocity and stress.

According to Okewale and Olaleye (2013), the
prediction of the penetration rates of rock is
necessary value for the cost estimation and planning
of the project. Drilling plays a vital role in mining
and it affect the overall operational cost (Busuyi,
2009). However, many mining projects are unable to
break even, in terms of profitability. This is due
mainly to the inability to accurately predict
penetration rates of rocks using simple and
straightforward methods, leading to wrong equipment
and hit selection. Consequently, the work determined
the wave velocities and both the in situ and
laboratory penetration rates of some basement
complex rock types in some part of North Central
Nigeria and the correlation between the parameters.

MATERIALS AND METHODS

a) Materials

The rock types used for the determination of the
wave velocities (Compressional, Vp and Shear, Vs)
and penetration rates (in situ and laboratory) were
granitic gneiss, granodiorite, granodiorite gneiss and
porphyroblastic granite gneiss.

Location of Study Areas

The study areas are located in Abuja, Nassarawa and
Niger states, within the North Central region of
Nigeria and depicted in Figures 1. Table 1 shows the
respective co-ordinates of the various locations.

Table 1: Location and Coordinates of Studied Areas

S/IN |[LOCATIO| STATE COORDINATES
N
1 Karmo | Abuja FCT [N 9°23'454";, E7°23'7.4"
2 Lugbe | Abuja FCT |N 8°57'30.8"; E 7°20'43.5"
3 Keffi Nassarawa [N 8° 50’ 55"; E 7°52' 25"
4 Kwata Niger [N 9°43'59.9”; E 6°2' 60"
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Fig. 1: Map showing the study area (Researcher’s
Field work)

b) Methods

1. Determination of Sonic Wave Velocities by
Ultrasonic Pulse Transmission Technique

The apparatus used for the test is the Proceq Pundit
P1-200, which consists of a Pundit Lab, two
transducers and the Pundit Link waveform display
screen (to manually locate the onset of the shear wave
echo). The procedure follows the ISRM (1989).

Determination of Penetration Rate

A Combihammer HILTI Cordless drilling machine
with a cross-pointed drilling bit of diameter 12.65mm
was used to drill both in situ and boulders in the
laboratory by applying a constant force of 980N. The
stop watch was used to time the drilling for five
minutes. The length of the hole drilled and the time
were used to calculate the penetration rate.

RESULTS AND DISCUSSION

a) Wave velocities

The results of the wave velocity tests are as shown in
Table 2. The P- and S wave velocities are 4134 m/s
and 2371 m/s for Karmo; 2641 m/s and 1637 m/s for
Lugbe; 5045 m/s and 2618 m/s for Keffi; and 4536
m/s and 2486 m/s for Kwata.

Table 2: Wave Velocities of the selected rock

samples

Location Rock Type P-Wave S-Wave
Velocity Velocity

(m/s) (m/s)

Karmo  [Granite gneiss 4134 2371

Lugbe Grano- diorite 2641 1637

Keffi Granodiorite gneiss 5045 2618

Kwata Porphyro- blastic 4536 2486

granite gneiss

b) Penetration Rate
Table 3 shows the results of both laboratory and in
situ determined penetration rates of the selected
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rocks. The laboratory and in situ penetration rates for
Karmo, Lugbe, Keffi and Kwata are 2.44 cm/min and
13.45 cm/min; 3.43 cm/min and 20.1 cm/min; 1.88
cm/min and 7.14 cm/min; and 2.32 cm/min and 8.99
cm/min respectively.

Table 3: Penetration Rates of the selected rock

samples
Location Rock Type Penetratio Penetration

n Rate Rate (In-
(Lab) situ)

(cm/min) (cm/min)
Karmo  |Granite gneiss 244 13.45
Lugbe |Granodiorite 3.43 20.1
Keffi Granodiorite gneiss 1.88 7.14
Kwata  [Porphyroblastic 2.32 8.99

granite gneiss

b) Relationship between Wave Velocities and
Penetration Rate

The relationship between the wave velocities and
penetration rates are as shown in Fig. 2 — 5. The four
equations were observed to be linear. The equations
are expressed (1), (2), (3) and (4) as follow:

Pinsiw = -0.0055Vp + 34.892 ()
Pinsi = -0.0127Vs + 41.312 )
PLas =-0.0006Vp+ 5.0919 3)
Pu =-0.0015Vs+ 5.865(4)
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Fig. 2: Correlation of Penetration rate (In-situ) and P
—Wave Velocity.
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Fig. 3: Correlation of Penetration rate (In-situ) and S
—Wave Velocity.
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Fig. 5: Correlation of Penetration rate (Lab) and S —
Wave Velocity

CONCLUSION

It was generally observed that the correlation of wave
velocity with penetration rate is strong and negative.
The higher the wave velocity, the lower the
penetration rate. The differential values observed in
the penetration rates of in-situ and laboratory are
attributable to the difference in stress acting on rock
and boulders broken from the in-situ rock masses.

The values of the wave velocities of rocks are
indication of the Uniaxial Compressive Strength and
subsequent hardness of such rocks. This knowledge is
useful in choosing the right type of explosive for the
purpose of blasting of rocks; in bits and equipment
selection in both mining and civil works.
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