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Abstract

Ghana is the first country in the Sub-Sahara African region to reform its mining sector and has become the poster
child for such change in the developing world. Obuasi is the hub of gold mining in Ghana. The Obuasi mine is
currently operated by AngloGold Ashanti (AGA), and contributes immensely to the Gross Domestic Product
(GDP) of Ghana. Mining is however, an activity that causes disturbance to the natural habitat and threatens
biodiversity. Mining of mineral resources results in extensive soil damage, altering microbial communities and
affecting vegetation leading to destruction of vast amounts of land which needs to be reclaimed and restored.
Reclamation is the process to restore the ecological integrity of these disturbed mine land areas. Mining at the
Eaton Tuner Shaft (ETS) area has been decommissioned and this paper seeks to explain processes leading to the
sustainable design of a safe and suitable landform for the ETS as part of closure plan by reclaiming the vast land
currently in the heart of Obuasi town. This is an exploratory study employing survey methods, geotechnical
profiling and topographical survey to obtain data for the landform design and ultimate land reclamation. The
study revealed that the soils at the ETS area have an upper stratum of sandy Gravels underlain by strata of silts or
sands with average plasticity index of 14.46% and can be used as fill material with mean allowable bearing
capacity between 781KPa and 1,413KPa. For a sustainable landform design, the study recommends a gentle
slope transitions of about 2.5% and 1:2 for embankments.
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1. Introduction

Mining contributes significantly to Ghana’s economy, employing about 260,662 people (GSS, 2012) and
accounts for about 9.1% of Ghana’s GDP (GSS, 2014). Mining however, is accompanied with adverse
environmental impact including water contamination, destruction of flora and fauna, land degradation, and
mercury contamination of soils and water (Al-Hassan & Amoako, 2014; Babut et al., 2003; Bonzongo et al.,
2003; Hilson, 2002). Reclamation of mining lands has been a major challenge in recent times due to degradation
of vast lands which originally was used as nature reserve and farming purposes. Reclamation has also become
impossible as a result of illegal mining in Ghana. Rinkesh (2009), states that illegal mining tend to cause
disturbances to the natural habitat and hence threatening biodiversity.

There are also reported cases of disregard for basic safety protocols resulting in death, damage to property and to
the environment (Al-Hassan & Amoako, 2014). Exploitation of mineral resources creates a large area of
degraded lands and loss of land for agriculture that need reclamation (Hilson and Banchirigah, 2009; Aryeetey et
al., 2004; SAPRIN, 2002). Impact of mining on land environment is reflected in land-use pattern of the
respective area. This is evident by erosion, whereby the land loses its green cover or is disturbed by mining
activities causing threat to agricultural lands (Owusu-Ansah, 2012). These mining activities may occur on
abandoned lands which usually results in water pollution caused by toxic waste thus poses health problems
(Akabzaa and Darimani, 2001), serious threat to development and security (Maconachie and Binns 2007).
Abandoned mine lands referred to as post mining site reclamation and restoration is the final and crucial stage,
which requires proper planning and should not be confined necessarily towards the decommissioning phase of
the entire project. Reclamation should be progressive such that rate of restoration is more or less similar to the
rate of mining (Bhattacharya, 2005). Reclamation refers to the returning of disturbed lands to an improved state
(Skousen and Ziemkiewicz, 2012). This involves the process of creating or reconverting disturbed land to its
former or other productive uses (Powter, 2002). This is achieved by redesigning the landform and re-vegetation
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to protect the soil surface from erosion, making the land hospitable to organisms that were originally present and
using the land for industrial or infrastructural purposes (Rinkesh, 2009). Landform design is an essential part of
reclamation in developing mineral resources in accordance with the principles of ecologically sustainable
development. In most cases, direct reestablishment of trees on surface mine tailing lands is difficult, considering
the degraded soil physical conditions and severe deficiency of soil nutrients (Evans et al., 2013). But this can be
achieved by selecting plants with the ability to survive and regenerate or reproduce under severe conditions
(Madejon et al., 2006). Land reclamation, with a better landform design, can provide us with environmental and
economic benefits, for example, soil erosion prevention, atmospheric CO2 sequestration, wildlife habitat, and
fuel wood supply (Guzman et al., 2014).

1.1 History of Mining in Ghana

Mining in Ghana can be traced back to the 7th and 8th century AD with alluvial gold extraction and winning
activities strategically along rivers which attracted Arab traders into the country (Gavin, 2001; Hilson, 2002b).
Some of the minerals mined include gold, bauxite, manganese, diamond, salt and lime stone with gold being the
major mineral mined in commercial quantities. Akabzaa, (2001) claims that the nation was referred to as the
“Gold Coast” because gold was and is the dominant mineral extracted and contributes to more than 90% of the
minerals extracted.

Ghana is one of many countries in sub-Saharan Africa where an informal gold mining economy has been
intentionally created. It is the first country in the region to reform its mining sector, and has become the poster
child for such change in the developing world. Today, Ghana produces over 2 million ounces of gold per year.
Over the past 80 years, many foreign companies have entered the mining and quarrying industry in Ghana. Some
of the biggest players in mining include Anglo Ashanti, Golden Star, Newmont, Akola, Ghana Manganese
(Mining portal of Ghana, 2013). Ghana is currently second to South Africa in Africa in terms of gold exploration,
manganese (the third largest), aluminium and a major producer of bauxite as well as diamonds (KPMG, 2014)

AngloGold Ashanti (AGA) operates a gold mine located at Obuasi in the Ashanti Region of Ghana. This is an
open-pit and underground gold mine situated near Obuasi and a history of gold mining for over 112 years
(World’s top gold deposits, 2013). The Obuasi mine, as part of its footprint reduction programme to promote
sustainable development has decommissioned the Eaton Tuner Shaft (ETS) and stripped the area of mining
infrastructure. An integration of environmental, economic and social aspects through all phases of mineral
production from exploration through construction, operation and mine site closure is therefore essential. The
Central Business District (CBD) of Obuasi has grown closer to the decommissioned site and calls for immediate
attention.

The aim of this study is to design a landform for the reclamation of the ETS decommissioned mining area for
sustainable development of the Obuasi town. This study therefore serves as a basis for future rehabilitation and
restoration. The main objective of this assignment is to propose a design depicting a safe and suitable landform
for the ETS area that blends with the surrounding topography and intervene depressions conducive for future
land use options.

2. Study Area, Materials and Methods
2.1. Description of the Project Site

The study area (ETS) is bordered on the north by TTP, on the west by the central business district (CBD) of
Obuasi and on the south and east by the Wawasi Township which has the Kwabrafo River flowing through. The
site (Figure 1) is undulating with the maximum and minimum elevations being 235m and 205m respectively. The
ETS area with a total area of about 193,793m2, had been cleared of all mining infrastructure on the surface with
the underground shaft capped and ramp access also seal off. Some surface areas were covered with mine rock
waste. Demolishing and removal of concrete and steel structures had begun at the TTP with remnants of the past
usage such machines and ponds still present. Further, there were existing concrete slabs on various sections of
the ground at TTP. The vegetation cover at the site consists of shrubs and grasses interspersed with some. An
access road beginning at the main gate runs outside the fence wall of the ETS then across it between the ETS and
TTP. A few well defined concrete drains were also observed but they had no running water in them. Figure 1
shows the location of the project location.
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Figure 1. Location of the study Area. Source: AGA Envioromental section, Obuasi

2.2 Materials and Methods

Survey of the study area (Figure 1) was conducted beginning with site reconnaissance visits and determine spot
heights. Other methods for the study include desk studies, geotechnical profiling (trial pitting, dynamic cone

penetration tests - DCPT, laboratory testing and slope stability analysis), topographical survey, landform design
and drainage design.

Desk study was undertaken to review available literature on mine rehabilitation, landform design and other
related aspects of the project. The available literature provided information on some specifics associated with the
fieldwork and design criteria required for carrying out the project successfully. The relevant literature included
geology, topography, history and hydrological and topographical information. Reconnaissance survey was
undertaken in May, 2015 to familiarize with the project and understand the scope of the study. The following
were observed during the survey; demolitions of concrete structures were ongoing, the subsurface soils at some
parts of the site consist of loose gravely sand with boulders, steep embankment with slopes ranging between 600
to 900. The height also ranges between 2m to 5m, undulating topography with some vegetation cover in some
areas. Fieldwork started on the 27th of August to 30th October, 2015. Subsoil investigations were conducted to
obtain soil samples for laboratory tests. This enabled the classification of the subsurface soils and also
determination of the engineering properties of the soils for stability analysis. The approach adopted for the
investigations during the field work is presented below:

Six trial pits were excavated using a backhoe to a maximum depth of 2.5m. Four (4) of the pits were in the ETS
area and two (2) in the TTP compound. Each trial pit was logged and bulk soil samples taken, bagged and
labeled for subsequent laboratory testing. Groundwater was not encountered at the depths excavated. Typical

trial pits excavated in the ETS and the TTP are presented in Figure 2. Logs of the trial pits are presented in
Appendix A.
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Figure 2. Typical Trial Pits in the ETS and TTP Area. Source: Authors, 2015

Dynamic Cone Penetration Tests (DCPT) were conducted at selected locations at the study area to obtain the in —
situ strength (Figure 3). The purpose of the tests is to determine allowable bearing capacity of the ground
formation for infrastructure development at the project site. The German model, DIN 4094 DCP equipment with
a 10kg hammer and 900 cone angle was used for the DCP test. A total of 16 DCP tests were undertaken, twelve
tests were conducted at the ETS site and four at the TTP site. Figure 3 shows DCP tests in progress at the project
site and the locations of the tests points and trial pit locations are shown in Figure 4.

Figure 3. Dynamic Cone Penetration Tests at the Project Site. Source: Authors, 2015
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Figure 4. Location of the Trial Pits and the DCPT Points .Source: Authors, 2015

The soils obtained from the trial pits were subjected to laboratory tests in accordance with BS 1377 190. The
tests included, moisture content, specific gravity, particle size distribution, direct shear and proctor compaction.

The survey commenced on the 31st of August 2015 and was completed on Sth of October 2015. With the
assistance from AngloGold, a point of departure was identified as SLM 002 with coordinates 168673.963 N
201077.648E with height of 230.476 located near the Malaria Control Office. GPS and Total Station were used
to capture all the relevant data for map preparation. This included buildings, spot levels, existing ETS Shaft and
ramp. The Instrument employed in establishing the pillars was Real Time Kinematic (RTK) a Global Positioning
System equipment. The projection employed is the cylindrical projection (Universal Traverse Mercator, Zone 30).
The unit observed for the data collected was meters. In total, 2261 points were collated between the TTP and the
ETS locations using Sokkia total station equipment.

2.3 Landform Design

Mining, no matter how sustainable it is executed, disturb the environment and at Post-closure, there is the need
to rehabilitate the disturbed area such that it blends in with the surrounds, has minimal offsite impact and is
environmentally sustainable. This requires that hill slopes, shape and length of the mined landform be designed
to become erosionally stable (Hancock and Willgoose, 2017). Post-mining rehabilitation projects fail because the
landscape is unable to sustain functional ecosystems and/or because the export of sediments has and can affect
ecosystems downslope and downstream (Evans, 2010; Nicolau, 2003). For any mine, a reconstructed landscape
must be designed to achieve a long-term viable ecosystem while releasing sediment at a minimal rate and
geochemically compatible with the surrounding undisturbed landscape. Consequently, landform stability over the
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long term is essential for a sustainable functioning ecosystem (Hancock and Willgoose, 2017). The objectives for
designing landform cover systems include control of water erosion, chemical stabilization of acid-forming mine
drainage (through control of oxygen ingress), contaminant release control (through control of infiltration) and
providing a growth medium for vegetation establishment (O’Kane and Wels 2003). Mine landform
reconstruction should as much as possible conform to pre-existing catchment boundaries and drainage densities
(Toy and Chuse, 2005). Designing hill slopes with curvature can also restore natural patterns of water and
sediment distribution (Hancock et al., 2003). Nicolau (2003) posits that relief is a key ecological design
parameter to consider in reconstructing the landscape. Landform design involves backfilling of redundant/final
voids including ramps and mine void that have been identified as no longer needed for other strategic uses taking
into account material types and selective handling requirements as per mandated material management
implemented through the earthworks. Landform and re-profiling of mining sites are very important for
rehabilitation and regulating of mineral sites in accordance with the requirements of the minerals and mining
(Health, Safety and Technical) regulations, 2012 (LI 2182). It must be said that mining activities are only
temporary activities which are undertaken for a limited number of years, after which the land is supposed to be
reclaimed and restored for another use. According to the National Planning Policy Framework of the Department
for Communities and Local Development-UK (2014), the following are the key stages to be considered in
reclamation and restoration of mineral sites: stripping of soils and soil-making materials and either their storage
or their direct replacement (i.e. ‘restoration’) on another part of the site; storage and replacement of overburden;
achieving the landscape and landform objectives for the site, including filling operations if required, following
mineral extraction; restoration, including soil placement, relief of compaction and provision of surface features
and aftercare. These stages in effect, suggest that all holes, removal of plant-sand vegetation created as a result of
consistent excavation should be filled or replaced. Computer application software such as Autodesk AutoCAD,
ArcGIS, PDF Creator and Adobe Photoshop were used to convert the data and concepts into drawing layouts,
diagrams, 3-dimensional models and photorealistic views. Also conceptual sketches were used to have perceived
images of the landform design project which is one the fundamental approach to landscape design. The
embankment was divided into four sections (Figure 5), based on the gradient of the existing slopes and analysed
with respect to the final designed landform. The parameters considered for the stability analysis included the
shear strength, internal angle of friction and Cohesion factors (Table 1). The stability analysis was done using
SLIDE 5.0 from Rocscience Inc. The analysis utilized the Morgenstern Price limit equilibrium method.

Table 1. Soil Parameters Used In Slope Stability Analysis

¥ (KN/m?) O (degrees) C (kN/m’)
Material Description
P Static Psegdo Static Psegdo Static Psegdo
static static Static
Embankments S?IEYT SAND/ sandy | | ¢ 128 | 325 |26 20 16
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Figure 5: Embankment Sections. Source: Authors, 2015

24 Drainage Design

Rainfall on a catchment is temporarily stored on vegetation as interception, fills natural depressions in the
landscape and it infiltrates into the soil. After these demands are satisfied, water starts flowing over the land and
this generates runoff. An effective drainage system is essential to ensure runoff from catchments does not cause
nuisance, danger and damage to people, property and the environment. During a walkover survey of the project
area, a number of drains were observed. They included a 550x350mm rectangular road side on the east of ETS,
and a 900x900mm rectangular road side on the west after the housing unit (Figure 8). The 900x900mm drain
receives flow from these households and discharges them to an end box culvert along the path of the Kwabrafo
River.

2.4.1 Hydraulics Analysis
By use of calculations evaluation of appropriate channel cross-sections and grades to permit flow at allowable
velocities is critical. The Road Design Guide, Ghana Highways Authority recommends a freeboard of 20% to
30% to cater for possible siltation which reduces the effective area of flow within a channel.

QOc=4V Using Mannings Equation,

Where; I e o
QOc = Channel discharge capacity (m?/sec) 0.= ;.-i}!" R
A = Cross sectional area of channel

V = Average velocity of flow in channel (m/sec) Where; n = Coefficient of roughness

R = Hydraulic mean depth
S = Slope of channel

2.4.2 Hydrological Analysis

Several environmental factors affect the volume of water that contributes to surface runoff. These conditions
include rainfall duration and intensity, topography, land use, vegetation coverage and soil type. Obuasi falls
within the wet semi-equatorial climatic zone with a double rainfall seasons characterized by torrential rainfall
and high humidity. The Obuasi Municipality has an undulating topography with its vegetation being
predominantly made up of degraded and semi-deciduous forests (Dickson & Benneh, 1980). The Rational
Method is a statistical method used to calculate peak discharge from a catchment. This method was used as it
provides a simplistic methodology for estimating the design peak flow rate to enable the determination of the
sizes of drainage systems. The Rational Method has a general procedure as follows: determine catchment area;
estimate time of concentration; determine design rainfall intensity; estimate runoff coefficients and compute
peak flow for catchment. The Rational Method formula is:
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Where; Q = Maximum runoff from the catchment area 5t GOR%ZS
(m?/sec)
C = Runoff coefficient Where; Where;

1= Average rainfall intensity (mm/h)

A = Catchment area (km?) L = overland | n = Manning’s roughness
The time of concentration ¢, can be computed using: sheet flow path | coefficient
length (m)

le =1, T tep B
Where; L = Channel length (m)

. . . n = Manning’s
t. = time of concentration (minutes) &

R = Hydraulic radius (m
t, = overland sheet flow time (minutes) roughnfess Y (m)
B L . coefficient
ten = travel time in channel (minutes) S = Friction slope (m/m)
S = Slope of
overland

surface (%)

3. Results and Data Analysis

3.1 Subsurface Soils

Laboratory tests on the subsurface soils from the excavated trial pits at the ETS area indicates a ground
formation which consist a ground depth of about 0.4m. This material is underlain by predominantly dense
gravelly sand with varying proportion of clay and silts. The soils at the ETS area have an average Plasticity
Index of 14.46% with average specific gravity of 2.6m. The TTP area is also made of a top soil of about 0.3m
below the ground surface; it is underlain by firm Clayey Silt with varying proportions of sand and gravel. The
TTP soils also have an average Plasticity Index of 11.14% and specific gravity of 2.5. The values of the
plasticity index indicate that, soils have low plasticity and devoid of any compressible properties. Proctor
compaction on the soils excavated from the trials pits resulted in Maximum Dry Density (MDD) between 1.65
g/cm3 and 1.7g/cm3, which means the soils from the project area can be used as fill material during the
earthworks.

3.2 In-situ Strength

The allowable bearing capacity was calculated from the DCPT penetration values using a correlation proposed
by Sower and Hedges (1966) as: ga = 44N. Where: qa = allowable bearing capacity; N = the number of blows
that drives a 100mm segment of the DCP rod into the soil. Figure 8 shows the mean allowable bearing capacity
against depth in the project area. The mean allowable bearing capacity ranges between 781KPa and 1,413 KPa
(Figure 6). The presence of waste rock fill overlying the natural ground resulted in very high values in the top
soil.
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Figure 6: Variation of Mean Bearing Capacity with Depth Source: Authors, 2015

3.3 Topographical Survey

The data captured from the fieldwork was processed and used to generate maps for the landform. Figure 7 shows
the number of elevations captured from the project site with elevations ranging from 200m to 240m.
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Figure 7. Graph of Number of Points against Elevation Source: Authors, 2015
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With computer aided design software, the existing site was modeled to show the various levels both in solid
model and wireframe model (Figure 8).

TWAWAS] TOWNSHIF

E.T.S

WIRE FRAME FIGURE OF THE EXISTING SITE

Figure 8. 3-D solid and wireframe of Existing Landform of ETS Area. Source: Authors, 2015

3.4 Design Considerations for the Proposed Landform

Relating the information obtained from the geotechnical investigations and land survey, the following approach
was used: the concept took into consideration the existing slope and drain water system such that there would be
no reverse of drainage lines in a way of ensuring the natural flow lines for run-off water. The landform also took
into account the WAWASI Township which lied low on the right side from the main entrance. This landform was
conceptualized to drain water away from the township such that the highest level (+236) will be cut to (+225)
which falls in line with the ETS Entrance from the AGA Roundabout (Figure 9). The height difference of 11m
will be used to fill a depth of 10m as shown in figure 12. The design also considered the existing form of the
TTP area such that; it’s natural slope runs and converge with the ETS at levels +219, 4218 and +215 which
maintains the natural flow of water from the two areas.
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Figure 9. Cutting the higher points to fill the lower points. Source Authors, 2015
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3.5 The Landform Design (Reclamation)

From the main entrance height (+225), the new designed spot height is gradually reduced away from the town
(Obuasi CBD) to the existing valley and drain (at the lowest level of +205) which gently enters the drainage
system of the Wawasi town at a relatively lower level in a multiple outlet as shown in figure 11. The design
eliminates any defined steep slope (sharp change in levels) to keep the landform easily accessible by cutting
higher points above 225m to fill the lower points to facilitate future development and reduce importation of fill
material from outside the study area as indicated in figure 12 cross section B-B. To achieve gentle slope for the
new design, the lower spot heights were filled by materials cut from the higher spot heights and if necessary
borrow materials from outside.
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Figure 11. Reclaimed landform design. Source Authors, 2015
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The reclaimed landform design was then modelled (Figure 13) in three dimension (3D) surface and wireframe to
show the reduced levels and filled lower levels to converge in a valley —drain toward the north (TTP) boarder.

LEVEL +217SLOPING
TOWARDS DRAIN

;;);\, 25

20

|
W H““HHM“
I ““ e Lol
| g
y s - 105
! AT waw
MAIN ENTRANCE <5 TOWNSHIP

(#225)

LEVEL+217SLOPING
TOWARDS DRAIN

MAIN ENTRANCE
(+225)

o Wawa

TOWNSHIP

Figure 13. 3-D Surface and wireframe Model of the New Landform. Source: Authors, 2015

3.6 Drainage Design

The ETS area was divided into three catchment zones as shown in Figure 14 with the characteristics in Table 2.

Table 2: Catchment Areas

Description Catchment Area (km?)
ETS 0.218
TTP 0.102
Embankment Slopes 0.013
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Figure 14. Catchment for Design

Using Kumasi as an adopted weather station, rainfall intensities for a 15 year return period (Road Design Guide)
was computed. A runoff coefficient, C for forest zone of 0.3 (Road Design Guide) was used in calculating the
expected runoff as presented in Table 3.

Table 3: Expected Runoff

Zone Catchment Area (sq. km) | tc (hr) Rainfall Intensity, Runoff Q (cub.
1 (mm/hr) m/sec)
ETS 0.218 2.849 44.245 0.723
TTP 0.196 2.336 53.888 0.980
Embankment Slope 0.013 0.415 142.076 0.154

A hydraulic analysis for the selected channel sections to determine the discharge capacities with n=0.015 is
presented in Table 4.

Table 4: Results of Hydraulic Analysis

Drain Type Depth (m) Width (m) S(m/m) Qc (m?¥/sec)
U — Drain 0.9 0.9 0.005 1.029
Rectangular 0.4 0.6 0.004 0.233

3.7 Stability of Slopes at the Project Site

For seismic considerations, even though Obuasi is within an area of low seismic activity in Ghana, a seismic
coefficient of 0. 15g was applied in the analysis. The minimum factor of safeties obtained for the four
embankment sections under static and seismic loading are summarized in Table 5.
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Table 5: Factors of Safety Obtained for Stability Analysis

Proposed side slopes FoS (Static) FoS (Seismic)
p p Permissible | Obtained | Permissible | Obtained

Section 1

(Slope with two embankments of slope 1:2) 1.5 349 11 2.0
Section 2

(Slope with two embankments of slope 1:2) 13 2.99 I 1.68
Section 3

Slope with three embankments of slope 1.5 3.13 1.1 1.74

p P
1:2)

Section 4

(Slope with two embankments of slope 1:2) 13 349 I 2.0

4. Conclusions and Recommendations

This landform design conforms to pre-existing catchment boundaries and drainage densities as recommended
byToy and Chuse (2005). Arising from the fieldwork and design process, the following conclusions and
recommendations have been formulated: The soils at the ETS have an upper stratum of sandy Gravels underlain
by strata of silts or sands with average plasticity index of 14.46%. Proctor compaction on the soils gave MDD
and OMC averages of 1.683g/cm3 and 19.3% respectively. The mean allowable bearing capacity ranges between
781KPa and 1,413KPa. The presence of waste rock fill overlying the natural ground resulted in very high values
in the top soil. The elevations ranged from a minimum of 200m to a maximum of 240m with steep slopes at the
south of the ETS. We recommend a designed landform which has a gentle slope transitions in the order of 2.5%.
Moreover, the excess soil should be used for filling to reduce cost of importing soil as the laboratory tests carried
out on the soil samples showed that they can be used as fill material. A slope of 1:2 for the embankments gave
satisfactory results to create erosionally stable design as affirmed by Hancock and Willgoose, (2017). For
effective runoff management, the study recommends 900x900mm U-drain to drain the ETS basin and a
400x600mm Rectangular drain at toe of the embankments. The reclaimed landform design serves as a basis for
future restoration not only for the ETS area at Obuasi but other decommissioned mine areas in Ghana for
sustainable development.
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