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ABSTRACT

Slope failure mlght lead to loss of lives and valuable equipment whlch would
increase overall operational cost of running a mine. The need to have stable
slopes in.open-pit mining of Nigerian tar sand deposits of Dahomey Basin,
Southwestern Nigeria is emphasized in this study. At Loda village,
Southwestern Nigeria, samples of the laterite soil and alluvial sand which
overlie the tar sand occurrence were subjected to geotechnical tests.
Computer simulation of bench face angles was carried out using SLOPE/W
Software to determlne the bench face angle(s) with the least susceptlblllty to
fallure '

Unit weight (6), cohesion (c) and angle of internal friction ()
}values for the laterite soil were 25 kN/m, 45 kPa and 41 respectlvely for
laterite. The corresponding values for the laterite soil were 18 kN/m’, OkPa
and 34°. These values were used to run the software programme to simulate
different bench face angles that could be. cut into the two lithologic units.
Factors of safety values between 3.58 and 1.73 were obtained for bench face
angles between 10° and 30° which are least susceptible to failure even when
inundation is considered. This research results have enabled us to
recommend the use of bench slope angles ranging from 10° and 30° coupled
with adequate drainage conditions which should guaranty optimum output.

Keywords Dahomey Basin, Tar-sand, Bench face angle, slope stablllty
Open—plt mine and factor of safety.

INTRODUCTION

Dahomey Basin, located in West
Africa, runs parallel to the coastal
margins of Ghana, Togo, The
Republic of Benin and
Southwestern Nigeria. It is an

extensive basin starting from

Southwestern Ghana through
Togo and the Republic of Benin, to
Southwestern Nigeria where it is
separated from the Niger Delta by
Okitipupa Ridge.
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Tar sand occurrences in
the Dahomey Basin are restricted
to the eastern portion of the basin
and are containedTar sand
occurrences in the Dahomey

. Basin are restricted to the eastern
~ portion of the basin and are

contained
: Gaps are measured intime .
and are equal to headways.

- generally in_ Upper cretaceous
- sediments. Extensive bituminous

seepages and sediments
impregnated
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with tarry oil define a narrow band
about 5 8 km wide between
latitude 6°37'N and 6°48' N
stretching from just east of ljebu-
ode town (Ogun State)to

“the banks of the tributaries of the
Siluko river at Ofosu village in Edo

State (Nigeria), approximate

_distance of 110 km (Alao and

Kazeem, 2004). . :

-A lot of work has been
carried
estimation (Adegoke et al. 1976),
physical
- characteristics (Adegoke et al.

1976). Clay mineral suits and .

exploitation options. One of the.
new recent works carried out
relate to the geotechnics of the
_Nigerian tar sand (Alao, 2004b).
 However, previous work
gave an estimate of 30° to 35° for
slope angles when mining of the
tar sand deposit commences.
This was based on
approximations and estimations
without actually carrying out
laboratory tests. Hence, the need

for exact determination of the -

~ geotechnical parameter (such as
- shear strength, unit weight and
angle of internal friction)

necessary for bench face slope
design. This paper examines the

geotechnical properties of
sediments associated which and
overlying the tar sand deposit of
southwestern Nigeria. This would
be related to finding out the bench
face angles safe for mining. Field
activities included sediment
description, identification and
collection. Also core drill data
were obtained from the Bitument
Project Implementation
Committee, an arm of the National
Agency charged with such
responsibilities.
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- Geotechnical tests were
carried out on samples obtained
and the results were utilized with
the geostudio SLOPE/W
software. _ :

Figure 1: Location of Study Area, Loda Village

2.0 LOCATIONS OF THE STUDY AREA

The study area located on
longitude 4°55'N is Loda village,
Ondo State, Southwestern
Nigeria (Figure 1) and is about
150 km from Akure, the capital city
of Ondo State, Southwestern
Nigeria. Also, it is within the 120
km long and about 5§ 6 km wide
belt of tar sand outcrop which

~ trends approximately East-West.

The stratigraphic setting of the

- study area is shown in Figure 2.

2.1 Selected Locations and
Sample Collection

The sediments associated
with, and overlying the tar sand
deposit at Loda Village,
Southwestern Nigeria were
sampled for geotechnical tests.
Lateritic soil samples and fine

. alluvial sand samples were

obtained from the study area.

- These two. lithologies were

observed to be overlying the tar
sand deposit-at the three sample

locations. These are 200m apart.
. These samples were collected
- from three different points on a .

road cut at three locations (L, L,,
L,) atLoda Village.

. Velume 7 (1) 2010



'D. A. Alao
NJTD (2010) 7(1) 8-14

Moreover, at each Iocatlon
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' samples were collected from the o

basal part of the road cut to the

t?pmnst part
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Figuro 2: Stratigraphic setting of the Dahomey
{Modifled from idowu et al. 1893).
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Figures 3a, b and o Lithologic section of three locations L, L, andi L,
*  where samples were collected.

2.1 Geotechnical Tests

The unit weight, cohesion
and angle of internal friction are
~ essential. values necessary for
factor of safety determination and

Shale
|Sandstone and| -
Shalo

shear box machine which
‘accommodates 60 mm  soil
" sample and is 20 mm high.
2.3 Computer Modelling

For the computer

* modelling the Slope/\WV software

Basin, Southwestemn Nigerda . *

was used, courtesy of Geoslope

International (Alao and Bassagi,
-2007,2009). -

Hypothetical bench
dimensions of 10 m and 20 m

“were used separately with the

same bench height of 6 m for both.

The bench face angles were
" increased from 10° to 90° and

factor of safety values were
calculated using the Morgenstern

- 'Price method of analysis.

' the SLOPE/VW-software analytical -

tool. The tests carried out on
the samples were grain, size
analysis, density determination
and direct shear test. The grain
size analysis was carried out
using the mechanical dry sieve
method in accordance with B.S.
- 1377, (1990). The density bottle
- was used to determine the density
of the samples while the direct
shear test was carried out using
the

Nigeria Journal of Technological Development *

Groundwater levels of 1 m, 4 m
and greater than 40 m were
utilized separately for each of the
bench width used. This is
necessary due to the prominent
role inundation plays in slope
stability. (Alao and Bassagl
2009).

. 3.0RESULTANDDISCUSSION

3.1 Modelling of Bench Face Angles
Shroeder and Dickenson
(1996) observed that in order to
estimate factor of safety (which is
the measure of stability or
instability) for any slope :surface,
the ‘shear strength parameters,
slope geometry and groundwater
level must be determined level
must be determine or defined. The
Geostudio SLOPE/W was used to
model the different bench face
angles cut into the two Iithologies
overlying the tar sand deposit in
the study area. Table 1.shows a
summary of the geotechnical data

- inputted into the SLOPEIW

10

computer program.
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Table 1: Summary of data used In the Geostudio SLOPE/W Computse program
for the calculation of factors of safety values at various bench face sngles

Average unit  Average Cohesion  Average angle of
WeightValues Values intorrl friction values
(ki) (kPa) (degrees)
Layer 1- 25 45 4
Lateritic Sol
Layer2 18 o0 X
Alluvium
(Looss sand)

Also, groundwater levels
used were based on the two seasons
that exist in the study area. For the
dry season which extends from
November to April, the groundwater
level used for the modelling was 4m,
while 1m was used for the wet
season which runs ‘from May to
October. All these parameters and
conditions were
inputted and factor of safety values
were obtained for the different bench
width dimensions and bench face
angles. Diagrams showing a pass at
bench face angle determination and
how excavation might be planned for
a proposéd open pit mine at the study
areaois showninfigure 4.

2

32 61

5731". o

Figure 4 Diagram showing & psss 2t how excavation mightoccur from difersnt
bench face angles at the study arsa when mining commences.
(Modified from Bitumen Project Implementation Committes Report, 2002)

w)tadeqy
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- 40% of slope instability

However, the great influence
that groundwater level or
groundwater ,Pressure has on open
pit mine stabi |t§ is expressed in the
values obtained for_various ground
water levels used in Tables 2 and 3. it
can be observed that the factor of
safety values are high for very dee
groundwater level conditions (whic
is safer) than those of shallow
groundwater _depth conditions. In
open pit mining practice more than
risk depends
on ground water conditions in the
slope. Also ?ave a factor of safety
range of 1.2 %o 1.4 for rock slopes in
open pit mines. Thus, for soil slopes
such as those in the area higher
factor of safety values must be
proposed. ,

Consequently ugon_ this the
factor of safety values obtained from
tables 2 and 3 for bench face angles
of 10° to 30° are safer than those
above 30o0. this range is chosen to
allow for groundwater level
fluctuations due to inundation.

3.2 Recommendations .

. The two lithologic units
overlying the tar sand deposit at Loda
village were sampled with

eotechnical - tests carried out to

etermine the parameters necessary
for slope stability analysis as it relates
to future mlnmq operations on the tar
sand deposit of Soquthwestern
Nigeria, using Loda village, Ondo
State, Southwestern Nigeria, as a
case study. p o .

The crucial engineering

ﬁroblem of slope instability or stability

as been simulated to determine the
bench face angle that would be safe
for excavating the lithologies
overlying the tar’sand deposit af the
stugy area. A proposed open pit at
Loda village, Ondo State,
Southwestern Nigeria. The following
measures need {o be put in place in
the design and operation of the mine:

~ 1.Installationof piezometer in

investigative boreholes to measure
the water pressure constantly.

2. Benches must be surveyed
regularly to see if small movements
are taking place. .

3.The use of state-of-the-
monitoring equipment
extensometeris suggested.
4.Digging of wide perimeter trenches
which would help to provide good
drainage network for the flow of
surface water from rainfall and
groundwater from the subsurface in
the proposed mine.

art
like
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5. The use of submersible pumps

. . fordewatering (is recommended).
6.The need to carry out Core drilling

Tohavealargedatabasefor .
detailed and accurate calculations
- ofsafetyfactors. '

" Table2: Tabh showbg Cackors ofsafefy vakes obtained for ifferast modeta of

™ 7 = e
3 208 228 244 -

30 158 181 18
40 138 139 158

50 1,18 © 157 - 151

® 108 124 138

ki) o 12 125

& 0.03 107 113

20 [ )] 102 100

Tabls 3: Tabla showhg factors of safety vakes oblained for difarent models of
benich facs angles using a bench width of Xmetors and bench beight of 8, -

SLOPE ANGLE PRICE
DEGREES! OF ANALYS!S
. 1m| 1m L)
lovel lovol Plazomatic Lavel
. 4m)
10 . 358 42 s
2 241 - 268 212
30 73 185 218
40 168 151 185
50 152 130 182
& 149 - 142 159
L ‘098 .1 L 140
80 0.83 148 128
90 089 102 1.09

- 4.0 CONCLUSION
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- Also, the computer software was

used to model the bench face
angles that would be appropriate
for safe excavation in the tar sand
deposit.

‘However, . increasing -the

'slope angle decreases the

stability of slope although - his

- depends on the geologic structure

and soil and rock groperties :
involved. An attempt has been

‘made in the designing the best

bench face angles for excavation.
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