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9.

Topography, Geology and Soils

9.1 Introduction
This Chapter of the ESIA presents details on the baseline characteristics and potential impacts of the
Project on the topography, geology and topsoil resources associated with the construction, operation
and closure phases of the Öksüt Project. Details are also presented on the geotechnical nature and
slope stability of the Project Site; especially in respect the locations of the Waste Rock Dump (WRD)
and Heap Leach Facility (HLF).
The Chapter also describes the specific measures which have been implemented to “design-out” or
avoid adverse impacts and outlines the measures aimed to minimise, mitigate, offset or compensate
for those impacts which have been identified as unavoidable.
9.1.1

Objectives

The objectives of this Chapter are to:


describe the topographic and geological / seismological setting of the study area and characterise
the soils;



assess how Project activities and facilities, over the Project life-cycle, may or will impact the these
environmental parameters;



define mitigations measure, as appropriate, to ameliorate negative Project-related impacts.

9.2 Summary of Policy Context
9.2.1

Turkish Legislation and Standards

The key national legislation relevant to geological conditions in Turkey is the Regulation on the
Buildings to be Constructed on Earthquake Zones (Date: 06.03.2007 O.G. No: 26454). This
regulation stipulates design standards that must be met by structures that are built in seismically
active areas. The Earthquake Zoning Map of Turkey 1996, prepared by the Ministry of Public Works
and Settlement and approved by the Government of Turkey, defines earthquake zones across the
country. The Regulation refers to this map.
Legislation relevant to soils (and land use) includes:


Regulation on Soil Pollution Control and Point Source Contaminated Sites (the “Soil Regulation”)
originally published in the Official Gazette number 27605, dated 8 June 2010 and amended on 11
July 2013 in the Official Gazette number 28704, stating that the binding articles became effective
as of 08 June 2015. Annex I of the Soil Regulation provides parameters and limits for ingestion,
dermal contact and outdoor inhalation of soils;



The Soil Protection and Land Use Law, Number 5403, with an official gazette date of July 19, 2005
(Number: 25880);



The Meadow Law, Number 4342, with an official gazette date of February 28, 1998 (Number:
23272);



The Forest Law, Number 6831, with an official gazette date of September 8, 1956 (Number: 9402).
9.2.2

EBRD Requirements

PR3 states the requirement for projects to meet the relevant EU substantive environmental standards,
where these can be applied at the project level. Projects must also be designed to comply with
applicable national law, and will be maintained and operated in accordance with national laws and
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regulatory requirements. When host country regulations differ from the levels and measures
presented in EU requirements or other identified appropriate environmental standards, projects will be
expected to meet whichever is more stringent.
EBRD Sub-sectoral Guidelines for open pit case mining describe the need for effective topsoil
management.
9.2.3

European Union Directives

Soil is not subject to a comprehensive and coherent set of rules in the EU and existing EU policies in
areas such as agriculture, water, waste, chemicals, and prevention of industrial pollution do indirectly
contribute to the protection of soils. Relevant EU legislation includes


Water Framework Directive, Directive 2000/60/EC.



Groundwater Directive, Directive 2006/118/EC.

9.2.4

International Conventions and Treaties to Which Turkey is a Signatory

None applicable.
9.2.5

Project Standards

There are no Project Standards in relation to topography and geology.
The soil baseline characteristics were assessed against the parameters and associated limits
presented in Annex 1 of the Turkish Soil Regulation, as reproduced in Table 9-1. These limits
constitute the Project Standards for soils.
Table 9-1: Project Standards for Soils
Turkish Regulatory Limits

Measured Parameters

Units

Ingestion of soil
or dermal
contact
(mg/kg oven dry
soil)

Outdoor inhalation
of fugitive dust
(mg/kg oven dry
soil)

Extractable Metals / Major Cations
Antimony

mg/kg

31

-

Arsenic

mg/kg

0.4

471

Barium

mg/kg

15643

433702

Beryllium

mg/kg

0.1

843

Cadmium

mg/kg

70

1124

Chromium

mg/kg

235

24

Cobalt

mg/kg

23

225

Copper

mg/kg

3129

-

Lead

mg/kg

400

-

Mercury

mg/kg

23

-

Molybdenum

mg/kg

391

-

Nickel

mg/kg

1564

-

Selenium

mg/kg

391

-

Silver

mg/kg

391

-

Thallium

mg/kg

5

-
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Turkish Regulatory Limits

Measured Parameters

Units

Ingestion of soil
or dermal
contact
(mg/kg oven dry
soil)

Outdoor inhalation
of fugitive dust
(mg/kg oven dry
soil)

Tin

mg/kg

46929

-

Vanadium

mg/kg

548

-

Zinc

mg/kg

23464

-

Total Petroleum Hydrocarbons (Aliphatic) (EC5 - EC8)

mg/kg

4693

-

Total Petroleum Hydrocarbons (Aliphatic) (EC8> - EC16)

mg/kg

7821

-

Total Petroleum Hydrocarbons (Aliphatic) (EC16> - EC35)

mg/kg

156429

-

Total Petroleum Hydrocarbons (Aromatic) (EC5 - EC9)

mg/kg

15643

-

Total Petroleum Hydrocarbons (Aromatic) (EC9> - EC16)

mg/kg

1564

-

Total Petroleum Hydrocarbons (Aromatic) (EC16> - EC35)

mg/kg

2346

-

Aliphatic Fractions of Petroleum Hydrocarbons

Aromatic Fractions of Petroleum Hydrocarbons

9.3 Scope and Assessment Methodology
9.3.1

Spatial Scope

The spatial scope of the study area is equal to the Project Area (which is the EIA Permitted Area plus
the access road and powerline corridors). The study area is presented in Figure 9-1.
9.3.2

Temporal Scope

The temporal scope of this assessment is the full life-cycle of the Project including the planning and
development phase, construction, operation and decommissioning. Once operations cease, the mine
site and associated facilities will be decommissioned and the WRD and HLF contoured and capped.
Thereafter, the mine site will transition to a care and maintenance scenario.
9.3.3

Data Sources

Golder have produced baseline reports on Geology (Annex I) and Soils (Annex J) which summarise
secondary data and describe additional primary data collection that has been undertaken as part of
this ESIA process.
Primary Data
Additional soil sampling was conducted by Golder within the access road corridor. Soil samples were
collected and analysed from locations representing the existing soil conditions at construction areas
for the access road and close to settlement areas.
No soil sampling was undertaken as part of the national powerline EIA.
Secondary Data
As part of the Turkish EIA, soil samples were collected and analysed from eight locations and
sediment samples were taken from two locations within and to the west of the EIA Permitted Area
during the Turkish EIA process by SRK Türkiye.
Soil sampling locations as collected by SRK and Golder, are presented in Figure 9-2.
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Figure 9-1: Study Area

J339 – OMAS ESIA

Page 5 of 26

Figure 9-2: Soil Sampling Locations
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9.3.4

Impact Assessment Methodology

Professional judgement is applied to assess whether there will be any effects on the topography and
geology in the study area.
Soil impacts created by Project activities at sensitive receptors are considered when there is an
exceedance of any one of the Project Standards defined in Table 9-1 at identified sensitive receptors.
9.3.5

Assumptions and Limitations

There have been no onerous limitations to the compilation of this Topology, Geology and Soils ESIA
Chapter. As with any study of this nature, time, logistical and financial constraints do however, limit
the extent to which field work and desk-based literature reviews can be undertaken. Notwithstanding
this, it is considered that sufficient information and data has been assimilated and analysed to
facilitate a robust assessment of potential Project-related impacts as addressed in this Chapter.
The powerline national EIA lists land use types along the powerline route according to the
Environmental Zoning Plan, but does not assess impacts on soils. For the purposes of this ESIA, a
separate desktop assessment has been undertaken using secondary data of soil types.

9.4 Baseline
9.4.1

Topography

The study area is located in the Develi Mountains on a north-south trending topographic high. The
topographic relief comprises steep-sided V-shaped valleys and locally, cliffs tens of metres high
capped by flat-lying mesas and plateaus. The lands surrounding the study area have flat bottom
areas around the settlements which are generally used for agriculture. Moving closer to the study
area, elevations increase with the sloping mountain foot and steep hilly areas. The study area has
steep hilly areas in its southern parts and flattish uplands in the northern parts. Elevations in the
study area range from 1,080 m asl to 2,070 m asl. The Project’s open pits and facilities are located at
an elevation of approximately 1,800 m asl. The topographic characteristics of the study area and
surrounds are illustrated in Figure 9-3.
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Figure 9-3: Project Area and Surrounds Topographic Characteristics
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9.4.2

Geology

The following discussion is based on:


the Golder report Öksüt Topography, Geology and Seismology presented in Annex I; and



the Turkish EIA.

The regional geology of the study area and its surrounds is illustrated in Figure 9-4. The study area
lies on the eastern flank of the Sultan Sazlığı Basin within the eroded stratovolcano of the Develi
Volcanic Complex that was controlled and truncated by segments of the Central Anatolian Fault Zone.
The gold mineralisation is associated with a high-sulfidation epithermal, disseminated gold system
(basaltic-andesitic volcanic domes, pyroclastics and lava flows) hosted within the mid-Miocene age
andesitic volcanic dome complex of the Develi Volcanic Complex. The eroded Develi Volcanic
Complex is hosted within the Palaeozoic metamorphic basement, which was uplifted along the basin
shoulders during extension.
Seven mineralised zones have been identified and the majority of the eroded volcano is covered by
the Öksüt Gold Project Licence Area. Mineral resources have been estimated for two of these
deposits which are Keltepe and Güneytepe. The geology of the study area is illustrated in Figure 9-5.
Geological units of significance within the Öksüt open pit areas can be broadly categorised into
Pleistocene-aged Andesite, Miocene-aged Andesite and Breccia. Rock types encountered in the
geotechnical drilling program for the pit walls generally comprised Miocene-aged Andesite and
Breccia. The rocks exhibit traits that suggest they were subjected to variable alteration intensities and
oxidisation states, which affect the geotechnical character of the rock mass conditions found at depth.
Engineering geological descriptions for each geotechnical rock type are presented in Table 9-21.
North of the Keltepe Pit area, where Project facilities will be constructed, the surficial geological units
are mainly categorised as Agglomerate and Pleistocene-aged Andesite lava flow with locally
brecciated Andesite including local scree deposits on the surface. The subsurface profile is defined,
by general field observations, test pits and shallow geotechnical boreholes.
Bedrock is mainly composed of agglomerate and Pleistocene-aged andesite lava flow with locally
brecciated andesite. Local scree deposits can be observed on the surface of bedrock units. Exposed
bedrock rock outcrops are visible across most of the study area. The Andesite lava flow is the
youngest deposition sequence within the Project facility areas where it outcrops. It is generally
horizontally jointed bedrock. Strength of the Andesite can be generalised as very strong to strong
with the exception of the altered Andesite zones. The Agglomerate intercalates with the Andesite
flows and is typically less jointed than the Andesite.

1

Source: “Öksüt Project Geotechnical Pit Slope Investigation - Field Data Report”, Golder Associates, September 22, 2014.
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Figure 9-4: Geology of the Project Area Surrounds
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Figure 9-5: Geology of the OMAS Licences and their Surrounds
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Table 9-2: Engineering Geological Descriptions for Rock Types Encountered in Pit Walls
Rock Type

Description

Andesite with QuartzKaolinite and QuartzAlunite Alteration

Fine to medium grained, porphyritic and massive texture, light to dark grey and
orange grey (when oxidised), fresh to highly weathered, estimated weak to
medium strong rock strength. Generally Quartz-Kaolinite and Quartz-Alunite
alteration of rock fabric. Variability in alteration type and intensity can be observed
in these rocks.

Andesite with Argillite
Alteration

Fine grained, porphyritic texture, light to dark grey, fresh to highly weathered,
estimated weak to medium strong rock strength. Argillite alteration of rock fabric.

Andesite with Partial Silica
Alteration

Fine to medium grained, massive texture, grey-orange and orange-red, fresh to
highly weathered, estimated medium strong to strong rock strength. Partial silica
alteration of rock fabric.

Andesite with QuartzAlunite Alteration

Fine to medium grained, massive texture, cream and grey-orange, fresh to highly
weathered, estimated weak to medium strong. Quartz-Alunite alteration of rock
fabric.

Breccia with Partial and/or
Massive Silica Alteration

Medium to coarse grained, massive and clast-supported texture, cream and
orange-brown and red-pink, fresh to moderately weathered, estimated strong to
very strong rock.

Breccia with QuartzKaolinite and QuartzAlunite Alteration

Medium to coarse grained, massive and clast supported texture, cream and
orange-grey, fresh to moderately weathered, estimated medium strong to strong
rock. Quartz-Kaolinte and Quartz-Alunite alteration of rock fabric. Variability in
alteration intensity can be observed in these rocks.

9.4.3

Seismicity

The most important fault zone in the region is the Central Anatolian Fault Zone that runs through
almost the entire Central Anatolia region from north-northeast to the south-southwest. The branches
of the fault zone have seismicity potential and are designated as Ecemiş, Erciyes and Sarız Faults are
in the Project Area. These faults have caused earthquakes with various magnitudes up to 5.1
(Richter scale). The Ecemiş Fault Zone, which is located 25 km to the southwest of the study area is
considered active and is subject to left lateral strike slip displacement. The Ecemiş fault zone, transtensional in tectonic movement, provides transfer between regional normal faults located at the
northern and the southern termination zones (Dhont et al, 1998). Such left lateral normal faults
border the Sultan Sazlığı Basin, a “pull-apart basin”, at the northern tip of the Ecemiş Fault Zone. The
basin is located approximately 5 km west of the Project Area. Other fault zones in the area include
Erciyes and Sarız Fault Zones. The fault zones are illustrated in Figure 9-6.
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Figure 9-6: Fault Zones
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The area where mining activities are planned to be conducted is situated within the 3rd Degree
Earthquake Zone according to the Turkey Earthquake Zones Map of the General Directorate of
Disaster Affairs (Figure 9-7). The calculation acceleration accepted for earthquake zones pursuant to
the Regulation on the Structures to be Built in Disaster Zones must be taken as 0.2 g for 3 rd degree
areas.
Figure 9-7: Earthquake Map of Kayseri Province (www.deprem.gov.tr)

The United States Geological Survey (USGS) developed a Seismic Hazard Map for Turkey based on
previous earthquake events. The USGS categorise peak ground acceleration (PGA) between 1.6
m/s2 and 2.4 m/s2, or 0.16 g to 0.24 g for the 475-year return period at the Öksüt Project Site. The
estimated PGA for the 2,475-year return period is estimated at 0.36 g to 0.37 g as shown on the
USGS Seismic Hazard Map (2003), presented in Figure 9-8.
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Figure 9-8: USGS Seismic Hazard Map Presenting Estimated PGA for the 2,475-Year Return
Period

9.4.4

Soils

EIA Permitted Area and Access Road and pipeline corridor
The following discussion is based on the Golder Öksüt Soil and Land Use Baseline, presented in
Annex J.
According to the data from General Directorate of Rural Services (KHGM), 40% of the land of the EIA
Permitted Area consists of non-calcareous brown soil and 60% of bare rocky lands. The topsoil
belongs to the non-calcareous brown soil group and is soft to slightly firm. The sub-soil has a heavier
body and is harder. Although lime has been washed out, reaction is neutral or alkali. The natural
drainage is good.
The area is generally comprised of thin overburden soil overlying andesite bedrock, with a surficial
layer of topsoil. The topsoil is generally between 0.10 m to 0.40 m thick. The subsurface conditions
encountered in the HLF area ranged in classification from low plasticity clay to silty sand, clayey sand,
well and poorly graded sand and well-graded gravel. The soils were generally characterised as dry to
moist in most locations. The gravel materials appeared to be primarily derived from intense
weathering and erosion of bedrock or colluvial materials at higher elevations, with alluvial deposits
more prevalent in and adjacent to the incised drainages and central portions of the valley. The
thickness of the alluvial and colluvial soils typically ranged from 1.2 m to 1.6 m with weathered
bedrock materials present at relatively shallow depths. Average top of bedrock depths is
approximately 1.5 m in the HLF area.
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An issue with both types of soils present in the Project Area is the thinness of the soil cover. Limefree brown soils are readily eroded by wind and settling can be observed in the central parts of
Kayseri Provence.
A map of the major soil groups in the EIA Permitted Area, access road and water pipeline corridors is
presented in Figure 9-9.
Soil samples were analysed for the range of contaminants presented in Annex 1 of the Soil
Regulation (Table 9-1). The analysis showed exceedances for arsenic and chromium. The full
results of the soil sample tests are presented in Annex J (Table 12). No visual indications of
contamination or potential contamination sources were observed at the study area during the Golder
field programme.
All soil samples have concentrations of arsenic exceeding the “Ingestion of Soil or Dermal Contact”
limit in the Soil Regulation. Exceedances range from 485% (from the soil sample “OK-1”, taken from
the access road corridor in between Yazıbası and Gömedi) to 13,375% (taken from the sediment
sample “OKSED1” near Zile).
Arsenic occurs naturally in soils, rocks, water, air, plants and animals and is commonly found as an
impurity in metal ores. Arsenic is commonly bounded to non-ferrous metal ores. The quantity of
arsenic associated with lead and copper ores may range from 2% to 3%, whereas gold ores may
contain up to 11% arsenic2. Arsenic rarely occurs as a pure element and is usually found as a
compound. The most common compounds of arsenic are arsenopyrite (FeAsS), orpiment (As2S3)
and regular (As4S4). Naturally occurring soil in most of the regions in Turkey are known to have
naturally elevated arsenic concentrations3. It is therefore considered that these arsenic exceedances
are directly related to the volcanic origin of ores of non-ferrous metals such as gold, copper and silver
which naturally occur in the area4.
All samples, except OK-1 and OK-2, have chromium concentrations exceeding the Soil Regulation
limit for “Outdoor Inhalation of Fugitive Dust”. Exceedances range from 101% (from the soil sample
“OKS06” taken near to the open pits) to 261% (from the soil sample “OKS07” taken in the valley to the
west of the EIA Permitted Area).
Chromium occurs naturally in volcanic rocks, such as those encountered in the study area (refer
Annex I, Section 1.6.1), as a mineral in combination with sulphurs of other metals (e.g. Fe, Cu, etc.) in
andesite. When in contact with atmospheric oxygen and water, sulphuric acid is formed which leads
to a rapid degradation of the andesite into clay and the concurrent release of metals. This is
considered to be a least one explanation for the high concentrations of chromium encountered in the
soils samples.
Powerline Corridor
A map of the major soil groups along the powerline corridor and its surrounds is presented in Figure
9-10. To the east of the powerline route, the topsoil belongs to the non-calcareous brown soil group
and is soft to slightly firm. Moving west, the powerline route crosses bare rock and rubble and more
non-calcareous brown soil before reaching colluvial soil as it reaches the valley bottom. The soil is
alluvial as the route passes to the southeast of Sindelhöyük, and crosses a mix of all three of these
mentioned soil types as it heads northwest along the edge of the Sultan Sazlığı wetland.
Soils Sensitivity
Overall, soils within the study area and surrounds were concluded to have a medium level of
sensitivity.

2

http://scifun.chem.wisc.edu/chemweek/arsenic/arsenic.html.
Helvacı, Cahit, “Relationships between boron and arsenic elements in nature”, Dokuz Eylül Uni., Geological Engineering
Dept., International Medical Geology Symposium, 2008.
4
http://www.mindat.org/min-1720.html & Nekrasov I.Y., Geochemistry, Mineralogy and Genesis of Gold Deposits, CRC Press,
1996.
3
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Figure 9-9: Major Soil Groups in the EIA Permitted Area, Access Road and Water pipeline corridors
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Figure 9-10: Major Soil Groups along the Powerline Corridor
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9.5 Impact Assessment
This section identifies and assesses impacts to study area topography, geology and soils for the
construction, operation and decommissioning phases of the Project.
Scoped In
Impacts on soils will predominantly occur during the construction phase as this is when soils will
predominantly be disturbed. Impacts may however, also occur during the operations phase.
Anticipated impacts include:


complete loss as a result of removal (stripping) and stockpiling (construction phase);



potential loss through erosion (wind, run-off) where vegetation is disturbed or removed
(construction and operations phases);



compaction where soils are left in situ but are subject to traffic loads (vehicular and / or
pedestrian) (operations phase);



contamination as a result of an accidental release of hydrocarbon liquid (e.g. diesel fuel) or
chemicals (operations phase).

It is estimated that the volume of topsoil to be stripped as part of the Project is 400,000 m 3. Stripped
topsoil will be stockpiled at site and used in the rehabilitation works after cessation of mining activities.
Project Area restoration and rehabilitation during the closure phase will see a positive impact on soils
insofar as those that are removed and stockpiled during the construction phase will be re-instated.
Further, Project features such as the WRD and HLF will be contoured and capped thereby also
enhancing the reinstatement of the pre-mining environment.
Scoped Out
In terms of impacts on topography, the only effect the Project development will have is a slight change
to the relief of the Project Site where the pits, WRD and HLF are located. These effects are
considered in Chapter 12: Landscape and Visual Impact Assessment and are therefore, not
considered further here.
In terms of impacts on the geology of the study area, the only impact that is considered to have any
potential significance is the removal of the gold ore from the ground. The implications of this are that
any geological processes currently occurring within the deposit will cease after removal of the ore.
The exposure of fresh host rock within the open pits may induce oxidation processes however, these
effects are not considered relevant given the proposed “closed loop” water management system that
will be employed during mining operations (i.e. no water from the pits will be allowed to enter the
environment). Impacts on geology are therefore, not considered further.
The Project is not anticipated to have any adverse effects on the seismicity of the region.
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9.5.1

Construction Phase Impacts and Mitigation Measures

Impact Assessment
Construction phase impacts to soils are presented below.
Impact

Soil loss: Stripping of top soils in areas where Project facilities will be located (i.e. pits,
WRD, HLF, buildings, roads, etc.).

Receptor
Sensitivity

Medium: Soils are moderately sensitive to disturbance and their occurrence within the
Project Area is locally rare.

Impact
Magnitude

Medium: The impact is certain to occur, is direct and of long duration. It is however, highly
localised.

Significance

Minor

Impact

Soil erosion: Loss of soil from areas not stripped of top soil, due to wind and water erosion.

Receptor
Sensitivity

Medium: Soils are moderately sensitive to disturbance and their occurrence within the
Project Area is locally rare.

Impact
Magnitude

Low: The impact is likely to occur, is indirect and of long duration. It is however, highly
localised.

Significance

Minor

Impact Mitigation
The mitigation to soil loss is its removal, stockpiling and eventual re-use in site rehabilitation and
restoration. A Forest Rehabilitation Project was prepared for the Project in line with the opinion given
by the General Directorate of Forestry during the Turkish EIA scoping process. The report is provided
as Attachment 10 to the Turkish EIA. It includes a requirement that the limited amount of topsoil over
the planned Keltepe and Güneytepe open pits will be scraped off and the soil will be stored in a
specific soil storage area and will be re-used at mine closure during the rehabilitation process. To
prevent dusting, the area will be regularly watered.
Management of the stockpiles will ensure that the soils are preserved in a manner where compaction
and loss of any constituent nutrients are minimised. Further, they will be protected from erosion by
wind and / or surface water run-off. Once returned to the environment, they will progressively reintegrate with the ecological functions within the Project Area (see Closure Phase Impacts below).
Topsoil in areas where stripping has not been required will be protected from wind and water erosion
by protecting, as far as practicably possible, vegetation by restricting traffic movement (vehicular and
pedestrian) to designated roads and walkways (see operation phase mitigation measures).
Residual Effects
Stockpiling of soils during the early construction phase of the Project will reduce the significance of
soil loss impacts to a negligible level. The effectiveness of the mitigation measure will be monitored
and reported. The focus of the monitoring programme will be to ensure stockpile integrity and stability
and to monitor the health of the soils.
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9.5.2

Operation Phase Impacts and Mitigation Measures

An assessment of operations phase impacts on soils is presented below.
Impact

Soil erosion: Loss of soil from areas not stripped of top soil, due to wind and water erosion,
vehicle access tracks, stockpiling of excavated materials.

Receptor
Sensitivity

Medium: Soils are moderately sensitive to disturbance and their occurrence within the
Project Area is locally rare.

Impact
Magnitude

Low: The impact is likely to occur, indirect and of a long duration. It is however, highly
localised.

Significance

Minor

Impact

Soil compaction: Compaction of soils as a result of traffic (vehicular and pedestrian)
movement outside of designated areas and for construction access along the powerline
route.

Receptor
Sensitivity

Medium: Soils are moderately sensitive to disturbance and their occurrence within the
Project Area is locally rare.

Impact
Magnitude

Low: The impact is unlikely to occur, is direct and of a long duration. It is however, highly
localised.

Significance

Minor

Impact

Soil contamination

Receptor
Sensitivity

Medium: Soils are moderately sensitive to disturbance and their occurrence within the
Project Area is locally rare.

Impact
Magnitude

Low: The impact is unlikely to occur, is direct and of short duration. It is highly localised.

Significance

Minor

Impact Mitigation
Where soils are not removed (i.e. where there are no planned Project activities in the area), their
protection from compaction and erosion will be ensured through the implementation of traffic controls
(vehicular and pedestrian) that limit passage of vehicles and personnel to designated roads and
walkways thus avoiding disturbances to soils. These controls will also assist in preserving vegetation
within the Project Area thereby avoiding an increase in soil erosion above and beyond what occurs
naturally.
Specific measures that have been included as part of the project description to prevent erosion are
outlined in the Surface Water Management Plan, and include:


Pits:
-

Diversion and collection channels and ditching will be constructed to direct surface water
runoff from the pits as part of the surface water management plan.
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-

All drainage channels will be designed to maintain stable conditions to minimize erosion for
the estimated peak flow rates of storm drainage. Longer term ditches and channels with
unstable slopes will be concrete lined to minimize erosion.

-

A continuous pit dewatering system will be in place to keep the excavation stable and free of
water. The excavation and pit side slopes will be monitored to ensure it remains stable and
free of water.

-

Side slopes of the pit including the slope gradient and slope length will be constructed in such
to ensure it maintains the exposed surfaces erodibility as low as possible.

Roads:
-

Wire mesh, shotcrete and rock bolting for stabilising slopes where required.

-

Application of double layered bituminous surface pavement.

Water Management Infrastructure:
-

200 mm thick reinforced concrete as lining for contact and non-contact water diversion and
collection channels.

-

Pit contact water channels excavated in rock.

-

Energy dissipation structures are proposed for erosion protection at the discharge of the noncontact water channels to the environment. These structures are designed as flat channel
sections with a length sized to fully develop the hydraulic jump based on the method
described by the United States Bureau of Reclamation (USBR 1984) for hydraulic jumps on
horizontal floors. The energy dissipation structures are proposed to be lined with reinforced
concrete.

-

The culvert inlet and outlet areas will be lined with shotcrete rip rap, or granular materials to
protect the ground and road embankment surfaces from erosion.

-

The following best management practices are proposed for erosion and sediment control
during the construction of the water management infrastructure:
 Provide localized contact water management structures (sumps, channels with check
drains, filter fabric fences) to manage water from active construction or disturbed
areas to allow sediment control prior to discharge;
 Minimize the extent of the disturbed areas within each catchment area at any one
time;
 Reclaim disturbed areas as soon as possible following disturbances.



Powerline:
-

Use wide-track vehicles to reduce soil compaction and rutting.

-

Retain vegetative buffers where possible to prevent sediment from eroding into water bodies.

-

Stockpile soil excavated for tower construction and reinstate once construction complete.

-

Till compacted soil in disturbed areas and reseed if appropriate.

-

No construction activities will be undertaken within 20 m of a water body.

Soils will be protected from contamination through the implementation of the Hazardous Materials
Management Plan that includes requirements for the safe transportation, handling and storage of
potentially harmful substances. Storage tanks will be bunded and refuelling points and workshops will
be equipped with drip trays and spill response equipment.
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Residual Effects
With the appropriate application of the cited mitigation measures, the significance of compaction,
erosion and contamination impacts to soils are considered to be negligible. The effectiveness of the
mitigation measures will be monitored and reported during the Project.
9.5.3

Closure Phase Impacts and Mitigation Measures

Impact Assessment
An assessment of closure phase impacts on soils is presented below.
Impact

Soil re-instatement

Receptor
Sensitivity

Medium: Soils are moderately sensitive to disturbance and their occurrence within the
Project Area is locally rare.

Impact
Magnitude

Positive: The impact will occur, is direct and of a long duration. It is localised.

Significance

Positive

Impact Mitigation
Soil re-instatement will be carried out as per the Forest Rehabilitation Project, as agreed with the
General Directorate of Forestry.
Residual Impacts
Residual impacts associated with soil re-instatement are considered to be positive.
9.5.4

Summary of Impacts and Mitigation Measures

A summary of potential impacts and proposed mitigation measures as described above are
summarised in Table 9-3, Table 9-4 and Table 9-5 for the construction, operations and closure
phases, respectively.
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Table 9-3: Construction Phase Impacts and Mitigation Measures
Impact

Receptor

Receptor
Sensitivity

Impact
Categorisation

Magnitude
of Impact

Potential
Effect
Significance

Design and Mitigation Measures

Management Plans,
Policies and
Procedures

Residual
Effect
Significance

Soil loss

Soil

Medium

Direct

Medium

Minor



Soil removal and stockpiling

Forest Rehabilitation
Project
Soil Stockpile
Management
Procedures

Negligible

Soil erosion

Soil

Medium

Indirect

Low

Minor



Restrict movement of vehicles and
pedestrians to designated roads
and walkways to avoid damage to
vegetation and ensuing erosion of
soils

Transport
Management Plan
Code of Conduct

Negligible

Table 9-4: Operation Phase Impacts and Mitigation Measures
Impact

Receptor

Receptor
Sensitivity

Impact
Categorisation

Magnitude
of Impact

Potential
Effect
Significance

Design and Mitigation Measures

Management Plans,
Policies and
Procedures

Residual
Effect
Significance

Soil erosion

Soil

Medium

Indirect

Low

Minor



Restrict movement of vehicles and
pedestrians to designated roads
and walkways to avoid damage to
vegetation and ensuing erosion of
soils

Transport
Management Plan
Code of Conduct
Surface Water
Management Plan

Negligible



Project infrastructure designed as
per the Surface Water
Management Plan

Soil
compaction

Soil

Medium

Direct

Low

Minor



Restrict movement of vehicles and
pedestrians to designated roads
and walkways to avoid soil
compaction

Transport
Management Plan
Code of Conduct

Negligible

Soil

Soil

Medium

Direct

Low

Minor



Implementation of a Site Pollution

Hazardous Materials

Negligible
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Impact

Receptor

Receptor
Sensitivity

Impact
Categorisation

Magnitude
of Impact

Potential
Effect
Significance

Design and Mitigation Measures

contaminati
on

Prevention Plan

Table 9-5

Management Plans,
Policies and
Procedures

Residual
Effect
Significance

Management Plan

Closure Phase Impacts and Mitigation Measures

Impact

Receptor

Receptor
Sensitivity

Impact
Categorisation

Magnitude
of Impact

Potential
Effect
Significance

Design and Mitigation Measures

Management Plans,
Policies and
Procedures

Residual
Effect
Significance

Soil reinstatement

Soils

Medium

Direct

Positive

Positive



Forest Rehabilitation
Project
Closure Plan

Positive
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9.6 Monitoring Requirements
Table 9-6 presents the recommended monitoring regime for Project Area soil management.
Table 9-6: Soil Management Monitoring Requirements
Source Document

Monitoring Location

Parameters

Frequency

Soil Stockpile Management
Procedures

Soil stockpile(s)

Stockpile integrity
Stockpile stability
Soil health

Daily / weekly
Daily / weekly
Monthly

Transport Management
Plan
OMAS-ESMS-TMP-PLN-00

Project Site wide

Vehicular movements
Pedestrian movements

Daily

Hazardous Materials
Management Plan
OMAS-ESMS-HM-PLN-001

Workshops and
refuelling points
Chemical storage
facilities

Potential sources of
contamination (e.g. fuel
storage tanks, petrol pumps,
chemical stores)

Daily / weekly

Conceptual Mine Closure
OMAS-ESMS-CP-PLN-001

Project Site wide with a
focus on areas that
were disturbed and reinstated

Soil stability
Erosion
Vegetation regrowth

Quarterly following
completion of reinstatement works
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