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EXECUTIVE SUMMARY 

Introduction 

Aureus Mining Inc. (Aureus) intends to develop an open pit gold mine within its 457 km2 

mining license area. The project will consist of the construction of a gold processing plant, a 
Tailings Storage Facility (TSF), a Waste Rock Dump (WRD), a diversion channel for the 
Marvoe Creek, accommodation facilities, administrative offices and haul roads. The current 
Life of Mine (LoM) is calculated to be 8 years with an ore production and treatment rate of 
approximately 3 000 tonnes per day. It is possible that the LoM will be extended as further 
exploration activities take place within the greater license area and the possibility of an 
underground mine is examined. 

The proposed New Liberty Gold Mine (NLGM) will be situated in the Grand Cape Mount 
County of Liberia, approximately 90 km northwest of the capital, Monrovia. Land access to 
the area is achieved via 100 kilometres of tarred road and 21 kilometres of laterite road from 
Monrovia. The Marvoe Creek runs through the proposed project area and is part of the Mafa 
River System. Sinjé is the largest nearby town to the project, which is located approximately 
30 km south of the NLGM. Communities that will be directly affected by the project include 
the communities of Kinjor and Larjor.  

 

Environmental and Social Impact Assessment Update 

An Environmental Impact Assessment (EIA), in the form of an Environmental Impact 
Statement (EIS), was undertaken from Q4 2010 to Q2 2012 by Golder Associates (Ghana) 
Ltd (Golder). As part of the EIA the local environmental and social situation existing prior to 
the development of the Project was investigated and the likely positive and negative impacts 
of the Project were determined. The timing, extent, intensity and cumulative effects of these 
impacts were investigated. The EIS also identified the necessary management measures 
required to mitigate the identified impacts. These formed the basis of the Environmental 
Management Plan (EMP). 

Subsequent to the compilation of the EIS and EMP, Digby Wells Environmental (Digby 
Wells) compiled a Resettlement Action Plan (RAP) and accompanying Community 
Development Plan (CDP) for the Project during 2012/2013. 

The EIS compiled by Golder was submitted and approved by the Liberian Environmental 
Protection Agency in October 2012 and the RAP and CDP were approved in March 2013. 

Aureus finalised an optimised Definitive Feasibility Study (DFS) during Q1 2013. The focus 
of the optimisation work, was on the layout of the plant, mine design and the location of site 
infrastructure, and it also addressed risks from design, operational and environmental 
perspectives. The work conducted improved the project in terms of mining and plant designs 
and the layout of the WRD, TSF and plant. The optimisation study determined that the 
location of the TSF, WRD, mine village and plant would be better suited in new locations all 
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within the area permitted for mining. The outcome of the DFS assessment and the benefits 
for NLGM include the following: 

■ New location of the TSF – original location was north of the open pit and now is 
located south of the pit. As a result, pumping distance has been reduced; there is a 
reduced risk of TSF failure and the TSF slurry pipeline does not cross the creek 
diversion, reducing the risk of contamination of the Marvoe Creek; 

■ New ‘wrap around’ Waste Rock Dump (WRD) design reducing the distance and time 
for haulage of waste rock, thus resulting in a cost saving for NLGM and protection of 
the pit from surface water ingress; 

■ Reduction in pumping costs from the plant to the TSF as a result of the plant being 
located adjacent to the TSF; and 

■ Mine camp located closer to the plant resulting in a reduction in travel time in the 
event of an emergency (reduction from approximately 5 km to 3 km). 

Based on the optimisation work and independent review, Digby Wells was appointed by 
Aureus to undertake the additional specialist studies and update the ESIA for submission to 
the Liberian EPA. This report presents the detailed specialist studies in the areas of changed 
infrastructure positions to establish baseline conditions, updated information with respect to 
the mine plan, integrated impact assessment and EMP for the NLGM. This updated ESIA 
will be submitted to the Liberian EPA, as per the Mining Development Agreement (MDA) 
between Aureus and the Liberian Government in order for Aureus to continue construction 
and operation of the NLGM. 

In addition to compliance with Liberian Legislation, Aureus, based on the project finance 
requirements, are required to adhere to the Equator Principles. In line with these principles, 
observance to the International Finance Corporation (IFC) Performance Standards and the 
World Bank Group Environmental, Health and Safety (EHS) Guidelines is required and has 
been integrated into the work undertaken by Digby Wells. 

 

Brief Project Description 

The proposed NLGM open pit will comprise three adjacent and interconnecting pits. The 
Reserve at New Liberty is located within 220 meters of surface and is extractable by open pit 
mining methods. 

A steady state mining rate is planned, after the initial period of waste pre-stripping, with an 
annualised plant feed rate of 1.1 Mt. The annual waste mining rate is 25.9 Mt for the first 4 
years followed by 6.4 Mt for the last 4 years, which results in an average annual waste 
mining rate of 16.2 Mt over the 8 year mine life. It is planned to pre-strip an estimated 2.5 Mt 
of waste and 0.3 Mt of ore. 

The waste material will be disposed on the WRD which wraps around the pit and also as 
backfill into the Larjor pit. Mining operations will use a conventional truck and shovel method. 

Upon finalisation of the optimised DFS the following changes to the infrastructure layout 
have occurred, namely: 
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■ Moving of the processing plant to the south; 

■ WRD to be located around the pit instead of being located to the south of the pit; 

■ TSF to move to the south of the pit; 

■ Marvoe Creek River Diversion (MCRD) alignment change with a change in the 
storage dam capacity; 

■ The re-grading of the Daniels Town Public road (the 21 km gravel section of the 
road); 

■ Storage dam located to the north of the pit for water that will be utilised in the process 
operations; 

■ Village resettlement site; 

■ New mine camp; 

■ Waste Landfill area (including the location of the incinerator); 

■ Alignment of the NLGM access road; and 

■ Construction of a truck stop and an associated access road as part of the mine 
infrastructure. 

The Project includes the following key activities and components:  

■ Resettlement of the Kinjor and Larjor communities (as part of the pre-construction 
phase); 

■ Open pit gold mine and associated WRD; 

■ Topsoil stockpiles; 

■ Gold processing plant, including an associated power plant; 

■ Water dams associated with the processing plant, mainly used for water storage 
purposes; 

■ TSF; 

■ Support facilities and infrastructure at the mine site, including water, waste 
infrastructure and storage facilities; 

■ Diversion Channel (DC) of the Marvoe Creek; 

■ Staff accommodation and associated facilities such as a sewerage treatment plant;  

■ General waste landfill site, and an associated incinerator; for incineration of 
hazardous wastes; 

■ Power and water supply; 

■ Ancillary facilities and buildings, such as administrative offices, service buildings, 
laboratory, hydrocarbon storage, explosives storage;  

■ Non-paved roads and haul roads; existing and new; and 
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■ Pollution control sumps/dams. 

 

Baseline Conditions 

Baseline conditions were assessed during the Golder specialist studies and compilation of 
the EIS (Refer to Golder EIS for a detailed summary of the baseline conditions). A summary 
of the key findings associated with the updated specialist findings are detailed below: 

■ Based on surface water sampling that was conducted in March 2013, baseline As 
levels are currently above the WHO Standards for drinking water, which is 0.01 mg/l. 
The highest levels were measured downstream of Kinjor Village in the Marvoe Creek 
(0.036 mg/l); 

■ The tailings material may contain elevated levels of arsenic, and there is a potential 
risk that As containing water may be discharged at levels above naturally occurring 
levels, or above the IFC Guidelines for discharge, if not treated or managed.  This 
can be mitigated against by controlling the discharge concentration levels of As from 
the plant to the TSF and/or by containing the As on the TSF and stopping movement 
of this to the external environment at concentrations detrimental to the natural 
environment. 

■ The potential for the generation of Acid Mine Drainage (AMD) from the WRD material 
is demonstrated to be low; 

■ In terms of vegetation communities, the area can be classified as comprising of a 
mosaic of secondary and primary forest, with large areas of swamp vegetation. 
Anthropogenic impacts (typically slash and burn agriculture) have resulted in the 
formation of secondary forests ranging from 1 year to over 20 years in age. Primary 
Forest accounted for 76.5% of the study area and Secondary Forests 14.9%. Of this 
primary forest in the study area 12.4% will be affected by infrastructure placement.  
The development of an agricultural program should be undertaken to reduce this 
impact on natural resources by providing other opportunities, such as training in 
appropriate agricultural practices and keeping of domestic animals to reduce reliance 
on bush meat; 

■ The NLGM has a diverse species composition for both flora and fauna. A total of 100 
bird, 20 mammal, 8 amphibian and 5 reptile species have been identified on site. In 
terms of Species of Special concern, 13 species were identified or reported by the 
locals to occur on site and are classified as either Endangered, Near Threatened or 
Vulnerable as listed below: 

� One bird species is on the IUCN red data list, two IUCN listed mammal 
species were recorded, and eight red data species are reported by the local 
hunters.  The country has 17 IUCN listed reptile species, of which one was 
found, and the Nile soft-shelled terrapin (Trionyx triunguis) was a newly 
recorded species for Liberia as was the African Dwarf Crocodile 
(Osteolaemus tetraspis) (listed as Vulnerable by the IUCN). 
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■ Predicted Particulate Matter (PM) (modelled as PM10) concentrations were low at the 
off-site locations. The exceedances of the 24–hour mean guideline value of 50 µg/m³ 
were localised to the area between the power generating plant and open pit where 
the Run of Mine (RoM) pad will be located (north of the generator stacks). 
Exceedances of annual average values were observed from the modelling for WHO 
of 20 µg/m³ and were predicted for the area encompassed by the open pit, waste 
rock dumps and topsoil stockpiles, and south of power generation plant; 

■ Predicted PM (modelled as PM2.5) concentrations were low at the off-site locations. 
The exceedances of the 24–hour mean guideline value of 20 µg/m³ were localised to 
the open pit area where the RoM pad will be located. Exceedances of annual 
average values from the modelling were observed for WHO of 10 µg/m³ and were 
predicted for the area encompassed by the open pit, waste rock dumps and topsoil 
stockpiles; 

■ Predicted NO2 concentrations (all NOx assumed to be NO2) were elevated at the on-
site locations. Exceedances of the hourly WHO AQG values of 200 µg/m³ were only 
predicted over the power generating plant area. 

■ For the Daniels Town Public road, a number of villages are traversed, all of which fall 
within the Garwula and Gola Konneh districts. This public road is classified as a 
secondary road and has a Right of Way (RoW) of 75 feet (ft) either side of the centre 
line of the road. A large proportion of the villages and houses located along the road 
are located within the RoW, which is a concern to the safety of the local community.  
Safety measures, such as road straightening and the installation of speed bumps, will 
need to be implemented at high risk points. Road management is a government 
responsibility; 

■ There has been an increase in the populations in the villages of Kinjor as 
development of the mine has progressed, which has resulted from economic and 
employment opportunities; 

■ All the villages in the site-specific study area are dependent on natural resources 
found in their environment for sustenance. Artisanal mining is an important source of 
income for the residents of Kinjor and Larjor. Subsistence agriculture and bushmeat 
(hunting and fishing) is the usual activity in most of the villages along the road: some 
villages rely primarily on their harvests for the supply of food, and in the case that a 
surplus is available, for income. Logging camps are also reliant on agriculture, to 
varying extents. 

 

Impacts 

During the update of the ESIA, a review was undertaken of the Golder EIS completed in 
2012. The review specifically focussed on the integration of impacts determined then and 
those identified during the additional specialist studies completed by Digby Wells. The 
impacts presented in this report, therefore, address both the environmental and social 
related impacts associated with the NLGM during the construction, operational and 
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decommissioning phases of the project. The key potential impacts have been summarised 
below for the three phases of the Project. 

 

Construction Phase 

Construction activities have already commenced. A summary of the potential impacts with 
mitigation measures during the construction phase are presented below: 

■ Clearance of vegetation – areas need to be cleared for the construction of surface 
infrastructure, resulting in a loss of some biodiversity, ecosystem function and 
services. A permit to clear procedure was introduced that minimises the risk of 
unplanned clearance; 

■ Fragmentation of habitat – risk of fragmentation occurring affecting migration 
channels for faunal species, resulting in the isolation and segregation of these 
communities; 

■ Erosion from exposed surfaces – areas that are cleared will be exposed to surface 
runoff resulting in the potential for erosion to occur.  Cut - off trenches which will form 
part of the overall clean dirty water separation system have been planned. 

■ Accessibility to areas that were inaccessible – exploration paths and clearance of 
vegetation for infrastructure placement has opened up areas for loggers to gain 
access to areas that were previously inaccessible. This has resulted in logging 
activities being undertaken in these areas, which has further impacts to the 
degradation of the ecosystem; 

■ Increased ambient dust, vehicle exhaust emissions and power generation impacts – 
increased ambient dust may result from site clearing and levelling, haulage of 
material and general construction activities. Increased exhaust emissions result in 
increased NOx and PM10 levels, however these disperse rapidly. Dust suppression 
by watering of roads and areas whilst in operation will be needed if there are dry 
spells. Rainfall is high which will assist in controlling this impact; 

■ Relocation of communities – relocation of Kinjor and Larjor communities to the 
resettlement site resulting in social disruption; 

■ Increase in traffic along the Daniels Town Public Road – safety concerns as several 
villages are located within the RoW, which may be a safety risk as an increased 
number of vehicles traverse this road. Speed- speed limits are to be introduced and 
the road has been regraded; and 

■ Social benefits – there are positive impacts associated with the development of the 
NLGM. These include local employment at the mine, improved living conditions for 
the affected villages, increased markets for local entrepreneurs, improved access to 
services as well as community development opportunities. In addition, the local 
community will be trained and exposed to new business practices. 

With suitable mitigation measures implemented the impacts can be reduced in terms of 
erosion control, road safety, access to previously inaccessible areas, dust related impacts, 
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reduction in NOx emissions and preserving biodiversity and habitat on site.  Social disruption 
from the movement of the villages can be turned into a development opportunity. 

 

Operational Phase 

The impacts (without mitigation) summarised below are the major impacts anticipated during 
the operational phase of the NLGM: 

■ Possible discharge of As containing water from the mine area – if not managed 
appropriately discharge of As from the TSF could result in water being discharged to 
the external environment above the naturally occurring levels (0.036 mg/l). It must be 
noted that current natural (background) levels for As (0.036 mg/l) are above the 
recommended WHO Standards for drinking water (0.01 mg/l). It is possible to treat 
the TSF water and solids to prevent this from occurring; 

■ Power generation – release of NOx from power generation. This impact is limited to 
the plant area and the power generation plant. With regular generator maintenance, 
and tuning of the combustion equipment, reduce engine idling/start-up times and 
reduce residence time for power generation plant, this impact can be mitigated 
against; 

■ The holding dam – the impact is a reduction on flow and some impact to downstream 
users as a result of the reduction in flow during low flow conditions. However, the 
dam area should fill up quickly in the first year as its volume is only 5% of the 
catchment’s annual runoff and, thus, the impact will be short term in nature; and 

■ Social benefits – positive impacts during this phase are attributed to the social 
benefits that the Project will have in the surrounding community and nationally, which 
include local employment, increased markets for local entrepreneurs, improved 
access to services, revenue for the government and community development. 

With suitable mitigation measures it is possible to limit the discharge of As containing water, 
reduce the impact of power generation emissions, potential impacts on downstream water 
users and to enhance social benefits through the already approved community development 
plan. 

 

Decommissioning and Closure Phase 

The decommissioning phase impacts can be summarised as follows: 

■ Restoration/rehabilitation – impacts associated with this phase of the project will have 
a beneficial impact to the receiving environment through the rehabilitation process; 
and 

■ Loss of employment – loss of jobs and the dependency that the local community has 
on the mine, which may result in an array of social impacts post closure. However, it 
is expected that this impact will be mitigated by the CDP and the RAP associated on-
going projects such as the agriculture projects etc. 
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Environmental and Social Management Recommendations 

Based on the potential impacts the following mitigation measures are proposed 
/recommendations are made. The mitigation measures/recommendations presented below 
are only the main ones provided to address the impacts that are of concern: 

■ Effluent discharge: 

� Water discharged from the site into a public stream/creek should adhere to IFC 
mining guidelines and comply with the baseline quality for discharge at the 
agreed compliance points; and 

� Water discharged from the operations must not affect the water quality fitness for 
use by downstream users. 

■ Cyanide levels in the TSF to be kept within line with ICMM and International Cyanide 
Code standards. 

■ All drinking water on site and downstream should be monitored and adhere to 

� WHO Drinking water guidelines; and 

� Liberian Class 2 and 3 guidelines 

■ Treatment of tailings streams to reduce the levels of As entering the TSF from the 
plant should occur where necessary to 2 mg/l of soluble arsenic entering the TSF. If 
discharge to the TSF occurs at an As concentration of 2 mg/l the effect of the overall 
water balance is such that the As will be diluted down to concentrations below the 
natural levels in the Marvoe Creek below the mine. Arsenic levels must be measured 
at the discharge compliance point to ensure that the levels are below the IFC 
discharge guidelines;  

■ Discharge of water from the holding dam into the Marvoe Creek during the dry 
season should be kept close to the natural flow rates; by controlled discharges if 
downstream users are negatively affected; 

■ Control contamination of the groundwater from the TSF by ensuring that 
contamination will not spread from the TSF area such that it influences surrounding 
water users by installing seepage containment trenches (5 m key below the wall and 
a 5 m deep french drain type system below the TSF wall, which will lead to a sump 
and a pump below the TSF wall and treating the tailings in the plant prior to 
discharge;  

■ Mitigation measures for PM10 that can be implemented include maintenance of haul 
roads, deployment of dust suppression techniques, enclosure of crushers, reduction 
of drop heights for material and reducing the speed of transporting equipment; 

■ To mitigate against the expected impacts associated with the generation of NOx from 
the power generation plant regular generator maintenance, and tuning of the 
combustion equipment, reduce engine idling/start-up times and reduce residence 
time for power generation plant will be needed; 
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■ Development of an agricultural program to reduce the impacts of the local community 
on natural resources. The programme should focus on reducing slash and burn 
agriculture, keeping domestic animals to reduce reliance on bush meat and the 
possible establishment of woodlots; 

■ A biodiversity offset strategy should be to implemented for the NLGM project to 
compensative for loss of biodiversity, potentially resulting in an overall positive impact 
for NLGM; 

■ Assist the government in managing the safety risks along the Daniels Town public 
road; 

■ Resettle Larjor and Kinjor according to the agreed RAP; and 

■ Implement the agreed CDP. 

 

No Go Alternative  

The current land uses associated with the NLGM site largely involve subsistence agriculture, 
artisanal mining and logging operations. The No Go option would result in the continuation of 
the current land use and the impacts associated with this land use. The subsistence 
agriculture and artisanal mining activities would not provide for the longer term economic 
growth that the NLGM could offer. Thus, the economic benefits the Project will potentially 
provide would not occur.  These include: 

■ Employment opportunities for local communities; 

■ Training and development of skills in the population; 

■ Increased access to services, including health services and schools; 

■ Markets for local businesses; and 

■ Financial benefits for the Liberian Government at the local, regional and national 
levels. 

Closure Objectives and Costs 

Closure Objectives 

Closure planning is an on-going process, which begins during the planning phase of a 
mine’s development. Environmental management in mine closure and decommissioning has 
therefore shifted focus towards the idea of ‘planning for closure’ (Sassoon, 1996). Closure 
and rehabilitation planning becomes progressively more detailed through an integrated and 
systematic process Planning for mine closure and rehabilitation must be sufficiently flexible 
to allow for operational changes as well as changes in technology and/or regulatory 
requirements. 

Central to the closure plan is the development of a progressive rehabilitation plan which will 
ensure: 

■ The post-mined landscape is safe and is stable from physical, geochemical and 
ecological perspectives; 
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■ The quality of the surrounding water resources is protected; 

■ The agreed sustainable post-mining land use is established and clearly defined to the 
satisfaction of the community and government; and 

■ Success criteria are agreed with relevant stakeholders, monitored, and reported to 
stakeholders. 

The development of a mining operation, including associated processing facilities and 
infrastructure, usually involves the permanent alteration of existing landforms, disturbance to 
vegetation and flora, disruption of fauna habitats, hydrological impacts and potentially some 
level of contamination. 

The Mine Closure and Rehabilitation plan should be reviewed and updated annually in 
preparation for potential events such as material changes in operating parameters, for 
example, if the operation is converted to an underground mine or other satellite deposits 
extend the life of the mine. Wherever possible and practical, closure planning and closure 
risk assessments will continue to involve relevant internal and external stakeholders. 

The Mine Closure and Rehabilitation plan will be reviewed and updated annually in 
preparation for potential events such as material changes in operating parameters, for 
example, if the operation is converted to an underground mine or other satellite deposits 
extend the life of the mine. Wherever possible and practical, closure planning and closure 
risk assessments will continue to involve relevant internal and external stakeholders. 

Activities to be carried out for the effective decommissioning and closure of the NLGM 
operation are as follows:  

■ Comprehensive characterisation of soils, overburden and mineral processing wastes 
to determine their capacity to support plant growth and their potential to have 
adverse impacts on water quality, including the following: 

� Characterisation of soils and overburden to start as early as the exploration phase 
and continue through the pre-feasibility and feasibility phases as a basis for mine 
planning (this has already been done as part of NGLM’s Environmental and 
Social Impact Assessment-ESIA). The requirement for characterisation will 
continue during the operation of the mine, particularly where the ore grade and 
mine plan change in response to altered market conditions or for other reasons; 

� Soils, overburden and wastes provides the basis for rigorous segregation and 
selective placement of materials to achieve a sustainable vegetation cover and to 
prevent impacts to surface and groundwater resources. Segregation and selective 
placement of overburden is required;  

� Establishment of sustainable ecosystems after the LoM generally requires the 
conservation and replacement of soil resources over the disturbed areas. 
Ongoing of borrow pit rehabilitation and disturbed areas will be done during the 
LoM; and 

� Classification of the waste rock types, the segregation and placement during the 
LoM, for waste rock disposal (Aureus have a programme in place to manage this); 
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■ Implementing rehabilitation measures during the operational life of the mine. Record 
and report the disturbed areas over the rehabilitated areas during the annual report 
and amend the closure plan and costs accordingly. Progressive rehabilitation will be 
done for the backfilling at the Larjor section of the pit;  

■ Ensuring that rehabilitated areas are left free draining and well vegetated (whether 
through re-planting or natural plant colonization) and the plant cover is self-
sustaining; 

■ Ensuring that the TSF, WRD and Pit are rehabilitated in such a way as to prevent 
erosion and to minimise any potential impacts emanating from them post-closure; 

■ Maintenance of all disturbed and re-vegetated areas; 

■ There will be no demolition of buildings and other infrastructure. An agreement with 
the Liberian Government has been reached, whereby liability for all permanent and 
immovable mine infrastructure, and its future maintenance, will be formally 
transferred to the Liberian government upon cessation of the mining operation; and 

■ Monitoring of key environmental variables (i.e. soils, erosion, vegetation, 
groundwater, surface water and air quality) in order to demonstrate stability of 
rehabilitated areas during the LoM and for a minimum of five years after closure or 
until such time as all areas have been successfully rehabilitated to the required 
standard. 

Costs 

The cost of closure for the New Liberty operation has been estimated at $ 7 843 838 This 
estimate includes a contingency of 15%.  

Conclusion 

The NLGM Project is being undertaken with due consideration of the biophysical, health, 
social and economic factors, as well as the relevant legislative requirements. The NLGM 
Project will have a range of positive and negative impacts on the biophysical and socio-
economic environments. 

Some of the positive impacts that have been identified as having the most potential to 
benefit the social conditions are direct local employment, local procurement, training and the 
development of local infrastructure. These impacts will start at the construction phase of the 
project but are likely to be more significant during the operational phase. Skills development 
for local employees is similarly a significant social impact during the operational phase of the 
mine. With careful management and implementation of the RAP and CDP these impacts will 
continue after the mine has closed. 

The largest impact of concern is related to the above WHO standard, baseline, surface water 
quality (elevated levels of As) and the impacts that the NLGM will have, which may impact 
on water resources if not managed correctly. The potential discharge of elevated As waters 
into the Marvoe Creek will need to managed appropriately.  Current baseline levels of As 
(0.02 mg/l average during the rainfall months and 0.038 mg/l during the dry season) are 
currently above the WHO standards for drinking water. As the mine becomes operational the 
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focus should be on ensuring that any discharge will not be above IFC Discharge Guidelines, 
thus limiting impacting on downstream users.  

The largest social impact is the relocation of communities from Kinjor and Larjor villages and 
the potential economic displacement that is associated with this. In general there are several 
positive social impacts, such as the creation of jobs, skills transfer, training, new housing, 
overall improvement of the quality of life and improved access to services which are detailed 
below. 

A major positive social impact will be the expected opportunities that will be available for 
unskilled and semi-skilled employment of the local population during the construction and 
operational phases of the project. 

In addition to this, the increase in traffic volumes will likely result in an upsurge of clients for 
some roadside businesses and community services. The growth in customer base will stem 
from the increase in the number of people travelling on the Daniels Town public road, as well 
as those migrating to the area to take advantage of the perceived economic opportunities 
offered by increasing activity along this road. As markets along the road become more active 
the Daniels Town public road’s reputation as a growing economic corridor will spread, 
resulting in additional in-migration and an even larger customer base. This scenario is 
evidenced by the expansion of Daniels Town market after the public road was re-graded. 

An influx of population into the project area will increase the demand for goods and services. 
Increases in income-earning opportunities will also increase spending potential, providing 
opportunities for supply of such services, indirectly increasing the overall wealth of the area. 

The project may provide opportunities for continued improvements in basic infrastructure 
and community development, especially in the support or provision of education, health care 
and basic services, and in providing opportunities for skills development. Such development 
will need to take into consideration the project’s impact on access to services from all 
villages, planning development to benefit the entire community with the traditional area of 
jurisdiction. As a part of this, Kinjor and Larjor villages will receive improved housing, 
business and other community facilities as described in the NLGM RAP. 

Evaluating the impacts to the biophysical and social environments, without mitigation 
measures, results in the potential for some impacts to occur, however when mitigation 
measures are implemented, as contained in the EMP of this report, these impacts can be 
reduced significantly, as demonstrated in Section 8, which contains the impact assessment 
section of this report. 

The same can be said regarding the positive impacts of the project. There are several 
positive impacts that the project will have, these include the development of skills and 
training, employment opportunities, development of local businesses and improved access 
to services.  

With the appropriate management of both the positive and negative impacts by Aureus, the 
project will result in a development that will be beneficial for both the regional and national 
economy of Liberia. The impacts need to be managed in a responsible manner, by 
implementing the EMP, and by continually monitoring the project impacts, and by adapting 
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management measures where required.  By adopting the appropriate mitigation measures 
the negative impacts are reduced to acceptable levels and the benefit from the positive 
impacts are enhanced.  
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1 INTRODUCTION 

Aureus Mining Inc. (Aureus) wholly owns Bea Mountain Mining Corporation (BMMC), a 
company registered in Liberia and which holds a Class A mining license to mine the New 
Liberty Gold Mine (NLGM) deposit within Liberia. This licence was issued in July 2009 by the 
Liberian Ministry of Land, Mines and Energy and is valid for 25 years. 

The proposed project (NLGM) will be situated in the Grand Cape Mount County of Liberia, 
approximately 90 km northwest of the capital, Monrovia. Access to the area is by 100 
kilometres of tarred road and 21 kilometres of laterite road from Monrovia (refer to Plan 1 
and Plan 2 for the Regional and Local Settings, attached in Appendix A: Plans). The Marvoe 
Creek runs through the proposed project area and is a tributary of the Mafa River. Sinjé is 
the closest large town to the project which is located approximately 30 km south of the 
project area. Communities that will be affected by the project include Kinjor and Larjor. 
NLGM has an approved Resettlement Action Plan (RAP) and Community Development Plan 
(CDP) and permit which consider the affected villages. 

1.1 Brief Project Description 

Aureus plans to develop an open pit operation within its 457 km2 mining license area. The 
project will consist of the construction of a gold processing plant, a Tailings Storage Facility 
(TSF), a Waste Rock Dump (WRD), a diversion channel for the Marvoe Creek, 
accommodation facilities, administrative offices and haul roads. The current Life of Mine 
(LoM) is calculated to be 8 years with an ore production and treatment rate of approximately 
3 000 tonnes per day. It is possible that the LoM will be extended as further exploration 
activities take place within the greater license area  and the possibility of an underground 
mine is examined. 

Golder Associates (Ghana) Ltd (Golder) undertook an Environmental Impact Assessment 
(EIA), in the form of an Environmental Impact Statement (EIS) during the last quarter of 2011 
to the second quarter of 2012. The purpose of the EIS was to investigate the local 
environmental and social situation existing prior to the development of the Project and to 
determine the likely positive and negative impacts of the Project. In addition to this, the EIS 
identified the necessary management measures required to mitigate the identified impacts 
which formed the basis of the Environmental Management Plan (EMP). 

Once the EIS was completed, Digby Wells Environmental (Digby Wells) completed a RAP 
and accompanying Community Development Plan (CDP), which was submitted to the 
Liberian Environmental Protection Agency (EPA). 

The EIS compiled by Golder was submitted and approved by the Liberian Environmental 
Protection Agency in October 2012 and the RAP and CDP were approved in March 2013. 

Subsequent to the completion of the EIS, a mine optimisation Definitive Feasibility Study 
(DFS) was conducted which identified improved positions for the plant, tailings dam and 
mine village.  The newly-identified positions are all within the area permitted for mining. The 
focus of the optimisation work was to address risks and make improvements from design, 
operational and environmental perspectives. The work conducted improved the project in 
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terms of mining and plant designs and the layout of the WRD, TSF and plant. The 
optimisation study determined that the location of the TSF, WRD, mine village and plant 
would be better suited in their new locations. 

In addition to compliance with Liberian Legislation, Aureus, based on the project finance 
requirements, plans to adhere to the Equator Principles. In line with these principles, 
observance to the International Finance Corporation (IFC) Performance Standards and the 
World Bank Group Environmental, Health and Safety (EHS) Guidelines was required. 

This report presents the findings of the detailed specialist studies for the changed 
infrastructure positions, updated information with respect to the mine plan, and an integrated 
impact assessment and EMP for the NLGM. This updated ESIA will be submitted to the 
Liberian EPA, as per the Mining Development Agreement (MDA) between Aureus and the 
Liberian Government in order for Aureus to continue construction and operation of the 
NLGM. 

The layout changes and upgrades which have been assessed as part of the ESIA update 
include the following: 

■ Moving of the processing plant to the south of the open pit; 

■ WRD to be wrapped around the pit instead of being located to the south of the pit; 

■ TSF to move to the south, adjacent to the plant; 

■ Marvoe Creek River Diversion (MCRD) alignment change with a change in the 
storage dam capacity; 

■ The upgrade of the Daniels Town Public road (the 21 km gravel section of the road); 

■ Storage dam; 

■ Incinerator 

■ Village Re-settlement site; 

■ New mine camp; 

■ Waste Landfill area (including the location of the incinerator); 

■ Re-alignment of the access road (re-alignment of the road is required as the road is 
located within the pit footprint); and 

■ Construction of a truck stop and an associated access road. 

1.2 Objectives of the ESIA Report 

Previous reviews of the EIA have detailed areas where additional information or studies 
would be helpful to ensure complete compliance with the relevant legislation and Equator 
Principles. The main objective of this ESIA report is, therefore, to update those parts of the 
EIS and ensure that the EIA and EMP sections are amended accordingly.  

The intention of this ESIA is to: 
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■ Update the background information of the Project, including details of the project 
context (Section 2); 

■ Update the proposed project activities in terms of the project location and site 
description, mining and processing, project scale, timing, duration and sequence 
(Section 2); 

■ Describe the stakeholder engagement process (SEP) that is in place at NLGM;  

■ Provide an update of the existing physical, biophysical, cultural and social 
environment of the Project area, through the completion and compilation of specialist 
studies and reports (Section 1) 

■ Amend the existing environmental impact section based on the findings of the 
specialist studies (Section 8.3); and 

■ Revise the EMP by providing management measures for the impacts identified 
during the impact assessment (Section 10). 

1.3 Terms of Reference 

Based on previous reviews of the ESIA, a number of selected study components were 
proposed in order to fill the identified gaps in the ESIA. In addition to this, selected specialist 
studies were required to identify and assess the impact of proposed changes to the surface 
infrastructure layout as well as infrastructure upgrades. The terms of reference for this ESIA 
were, therefore, to: 

■ Undertake the necessary specialist studies in order to address any gaps and/or 
limitations, as well as changes to the project as a result of the infrastructure changes. 
The studies conducted as part of the ESIA update are listed below: 

� Aquatics Assessment (Water Quality) – comparison of surface water quality 
results with aquatic ecology or fishery standards so impacts on these aspects of 
ecosystem services can be determined; 

� Flora and Fauna Impact Assessment (Terrestrial Ecology) – The study assessed 
areas of infrastructure changes with respect to flora and fauna located in these 
areas. The assessment also determined the impacts of the proposed NLGM on 
ecosystem services; 

� Ecosystem Services Assessment – This is integrated into the terrestrial ecology 
report, where the impacts to ecosystem services are discussed and assessed, 
providing practical recommendations and/or mitigation measures based on 
criteria outlined in Performance Standard 6; 

� Noise Impact Assessment – Amendment to the noise modelling was conducted, 
to evaluate noise levels as a result of the changes to the infrastructure layout of 
the mine; 

� Air Quality Impact Assessment – The assessment entailed conducting predictive 
modelling to evaluate the impacts on the closest receptors, re-evaluation of 
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impacts based on improved baseline data, assessment of dust related impacts 
on the proposed village resettlement site; 

� Greenhouse Gas Emissions Assessment – The compilation of an emissions 
inventory for the project, which included a quantification of emissions, 
recommendations for the minimisation/reduction in these emissions. This was 
conducted as per the requirements of the IFC Standards; 

� Reconnaissance Soils Survey – The assessment took into consideration the 
changes in infrastructure layout (focusing on the new TSF, Processing Plant and 
Village Resettlement site locations) in order to prescribe suitable management 
strategies for the soil located in these areas; 

� Update of Closure Plan – Update of the closure plan to include the proposed 
infrastructure changes at the proposed NLGM and alignment of the closure plan 
with respect to IFC requirements; 

� Update the current ESIA compiled by Golder with the findings of the above 
studies to ensure compliance; and 

� Revise the impact assessment and management programme based on the new 
specialist information as well as the proposed infrastructural and mine layout 
changes. 

This ESIA report has, therefore, been updated in fulfilment of the local legislative 
requirements as well as in compliance with the IFC performance standards, Equator 
Principles and World Bank standards. 

1.4 Project Background and Context 

The following section provides a brief description of the NLGM Project, as well as details of 
the project applicant/proponent (Aureus). 

1.4.1 Applicant details 

Aureus, is an established minerals development company listed on the London and Toronto 
Stock Exchanges. For the purposes of the ESIA, BMMC is referred to as the proponent as 
this company has been operating in Liberia for a number of years and the name “BMMC” is 
widely known in the country. 

The details and contact information of the mining right applicant is summarised in Table 1-1 

Table 1-1: Applicant details 

Project title: New Liberty Gold Mine 

Project applicant: Aureus Mining Inc. 

Contact person: David Reading 

Address: Aureus Mining, behind Lone Star Tower, Sincor, Monrovia, Liberia 
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Telephone no: United Kingdom Office No: +44 20 7010 7690 

E-mail address: david.reading@aureus-mining.com 

Project location: 

The Project is located within the Grand Cape Mount County of the 
Republic of Liberia, in the southwest corner of West Africa and is 
bordered by Sierra Leone, the Republic of Guinea and Cote d’Ivoire. It 
lies between longitude 7º30’ and 11º30’ west, latitude 4º18’ and 8º30’ 
north. The Project is situated within the south-western part of the 
greater Bea Mountain Mineral Development Agreement (Bea-MDA) 
property/concession area (Golder, 2012).  

Mining License : 

BMMC holds a Class A mining license issued by the Liberian Ministry 
of Land, Mines and Energy on 29 July 2009 to mine the New Liberty 
Gold Mine deposit for a period of 25 years, with the right to extend this 
license for an additional term of 25 years. The New Liberty Gold Mine 
is one of a series of deposits located within the mining license area of 
457 km2 (Golder, 2012) 

1.4.2 Company history 

Aureus is an Exploration and Development Company focused on gold projects in West 
Africa and operates in Liberia and Cameroon. 

Aureus holds its interests in the NLGM Project through its subsidiary BMMC which was 
granted the Bea Mineral Development Agreement (Bea MDA) by the government of Liberia. 
The Bea MDA came into effect on November 28, 2001 and has an initial term of twenty five 
years expiring on November 28, 2026, which may be extended for successive twenty five 
year terms upon notice to the Liberian Government and submission of feasibility study prior 
to termination of the initial or successive term (Aureus Mining Inc, March 2013). 

On July 29, 2009 Bea was granted a Class A Mining Licence (Bea Mining Licence) within the 
Bea MDA by the Government of Liberia. The Bea Mining Licence permits mining within a 
457 km2 area which encompasses the NLGM Project (Aureus Mining Inc, March 2013). 

1.4.3 Exploration and mining history 

BMMC has been exploring the project area since 1997. Between 1997 and 2009, exploration 
and resource drilling was carried out on the project site by various BMMC employees and 
drilling companies, as follows: 

■ The exploration programme commenced in 1997 with preliminary geochemical 
sampling across the artisanal workings in areas where primary rock was exposed. A 
programme of trenching over the target area was undertaken to estimate continuity 
between the proposed Larjor and Kinjor pits; 24 trench excavations were initially 
completed in June and July 1998; 
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■ In February 1999 a programme of diamond drilling was undertaken. The programme 
comprised 19 holes and intersected mineralisation at depths ranging from 20 to 30 
metres below surface;  

■ In early 2000, a second campaign of drilling was undertaken with the aim of testing 
the mineralisation at greater depth under the Kinjor and Larjor zones and to 
investigate the mineralisation in the Marvoe zone; 

■ The third diamond drilling campaign started in January 2005 and was aimed at 
closing on-strike inter-hole distances and at the same time certain selected holes 
were drilled in order to intersect the ore body at greater depth; and 

■ In 2009, the exploration drilling programme was again extended. To date 
approximately 492 exploration holes have been drilled within a 10 km radius of the 
NLGM exploration camp in order to assess the resource potential. Currently, the 
average depth is 180 m and the deepest holes were approximately 520 m below 
surface. 

1.4.4 Reserve estimate 

In May 2013, the Company announced the completion of the detailed feasibility study which 
incorporated an update to the Company’s previously announced maiden reserve for the 
NLGM Project.  The total reserve estimate of 8.5m tonnes grading 3.4 g/t (for 924k ounces) 
is comprised of 700k tonnes grading 4.4 g/t (for 99k ounces) in the proven category and 
7.8m tonnes grading 3.3 g/t (for 824k ounces) in the probable category.  The proven and 
probable ore reserves are contained within open pits of depths between 180 and 220 metres 
below surface. The reserves support an open pit operation with an average annual 
production rate of 1.1 million tonnes of ore over an eight year production life.  Plant 
production over the first four years averages 120,000 ounces per annum.  All of the reserve 
at New Liberty is located within 220 metres of surface and is extractable by open pit mining 
methods.  The ore body is still open at depth (Aureus Mining Inc, March 2013). 

1.4.5 Resource estimate 

A mineral resource estimate (MRE) was undertaken by AMC in accordance with the 
requirements of NI 43-101.  The MRE incorporates all the results from drilling as at April 4, 
2012, being 438 holes for 65,276 metres and was calculated on the basis of a 1.0 g/t cut-off 
grade. The total resource estimate is comprised of 651,000 tonnes grading 4.77 g/t (for 
100,000 ounces) in the measured category, 9,145,000 tonnes grading 3.55 g/t (for 
1,043,000 ounces) in the indicated category, and 5,730,000 tonnes grading 3.2 g/t (for 
593,000 ounces) in the inferred category. The measured and indicated resources are 
located generally within the first 200 metres below surface. The inferred resource remains 
open at depth (Aureus Mining Inc, March 2013). 

During May 2013, the NI43-101 compliant DFS findings were realised for the NLGM which 
summarised the reserves for mining and mine production schedule, metallurgy, process 
plant design, infrastructure design, including tailings management facility, capital and 
operating cost estimates and financial modelling.  
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1.4.6 Project Motivation 

The operation of NLGM will be the first formal commercial gold mine to be developed in 
Liberia and has the potential to benefit the development of both the local and national 
economy. The proposed project will contribute directly as well as indirectly to the Liberian 
economy through fiscal contributions, employment opportunities, the development of skills 
and creation of significant support services.  

The development of the NLGM will also provide a financial injection of money from 
corporation taxes and royalties. It is estimated that US$102 million will be paid to the local 
government, based on a royalty rate of 3% of net revenue and a corporate tax rate of 30%. 

Another benefit for the proposed project will be the development and growth that will be 
experienced for local Liberian suppliers, such as the development of small business that 
would be formed as a result of the mine. The development of skills through the development 
of training programmes associated with the mining operations and direct and indirect job 
creation. 

Indirect benefits will include the upgrading and creation of support infrastructure in the area, 
transfer of skills from individuals that have been trained to aid in the development of small to 
medium businesses and providing goods and services to the mine as well as potential 
educational programmes that will be developed. 

2 PROJECT DESCRIPTION 

2.1 Summary 

The proposed project will comprise of an open pit gold mine that is expected to operate for 
approximately 8 years. It is expected that the LoM will be extended as further exploration 
activities take place within the greater license area (457 km2). 

The proposed NLGM will produce an average of 107k ounces per annum at a grade of 3.4 
g/t over the production life, with an average of 119k ounces per annum in the first 6 years of 
production. 

The open pit will comprise three adjacent and interconnecting pits. All of the Reserve at New 
Liberty is located within 180 - 220 meters of surface and is extractable by open pit mining 
methods. 

The waste material will be dumped in the Waste Rock Dump which wraps around the pit and 
also as backfill into the Larjor pit. A mining contractor will be used for all earthmoving 
activities and mining operations will use a conventional truck and shovel method. 

The Project includes all activities and physical works associated with the construction, 
operation, modification and decommissioning of the Project, including, but not limited to, the 
following key activities and components: 

■ Resettlement of the Kinjor and Larjor communities (as part of the pre-construction 
phase); 

■ Open pit gold mine and associated WRD; 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

8 

■ Topsoil stockpiles; 

■ Gold processing plant, including an associated power plant made up of eight diesel 
or heavy fuel oil generators; 

■ Water dams associated with the processing plant, mainly used for storage purposes; 

■ Tailings Storage Facility (TSF); 

■ Support facilities and infrastructure at the mine site, including water, waste 
infrastructure and storage facilities; 

■ Diversion Channel (DC) of the Marvoe Creek; 

■ Staff accommodation and associated facilities such as a sewage treatment plant. 
(The sewage will be disposed to septic tanks and the sewerage slurry will be 
disposed of at the TSF. A sewage treatment plant and system will service the 
accommodation camp and processing plant areas. The sewage treatment plant will 
comprise of an underground tank, and an aerobic treatment unit and sludge disposal 
to the TSF);  

■ General waste landfill site, and an associated incinerator; for incineration of 
hazardous wastes; 

■ Power and water supply; 

■ Ancillary facilities and buildings, such as administrative offices, service buildings, 
laboratory, hydrocarbon storage, explosives storage; 

■ Non-paved roads and haul roads; existing and new; and 

■ The key Project infrastructures are outlined in the following sections with a map of 
the proposed NLGM site. 

Refer to Plan 3 attached in Appendix A for the location of infrastructure associated with 
NLGM 

2.2 Mining Method 

Mining will be undertaken by conventional open pit methods; drilling, blasting, excavating, 
and road haulage of ore and waste. The mining area will be cleared of vegetation and topsoil 
will be removed, prior to rock excavation, and stored for rehabilitation purposes. After 
selective blasting within the planned open pit, the blasted ore and waste rock will be loaded 
onto trucks using excavators. To define the ore from the waste rock, samples will be taken 
and analysed. Waste rock will be identified as NAF (non-acid forming) and PAF (Potential 
acid forming) and will be disposed of as per engineering design at the WRD’s.  Assay results 
will be used to establish areas of ore and waste rock, which will be mined separately. The 
rock requires require blasting to fragment it prior to excavation by hydraulic diggers. Dump 
trucks will haul the rock to the primary crusher in the open pit or to the ore stockpiles.  The 
ore will be transported to the processing plant. Waste rock will be used internally to construct 
haul roads, the run of mine (ROM) pad, and the TSF starter embankment  
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2.3 Water  

As much water as possible from dewatering the mine, and decant water from the TSF will be 
recycled for use in the grinding circuit. Excess water will be discharged into the environment 
if compliance with standards can be achieved. Water not compliant with standards will be 
recycled back into the system via pollution control dams. 

2.4 Open Pit 

The NLGM open pit will form a contiguous mining area along a strike length of 2 km. The 
depth of the open pit will be approximately 220 m below surface. Water from the dewatering 
of the open pit will be pumped into the Marvoe Creek. 

2.5 Waste Rock Dump 

The predominant waste rock types consist of amphibolitic and Leucocratic Gneiss and 
Ultramafics. . To distinguish the ore from the waste rock, samples will be taken and assayed. 
Waste rock will be identified as NAF (non-acid forming) and PAF (Potential acid forming) 
waste rock and will be disposed of as per engineering design at the WRD’s.  Assay results 
will be used to mark out areas of ore and waste rock, which are mined separately. 

Originally the WRD was expected to cover a footprint area of 1.49 million m² and would have 
had a maximum height of 68 m and a minimum height of 42 m.  With the optimisation 
exercise undertaken the WRD is expected to cover a footprint of 2.24 million m2. The 
maximum height of the revised dump is 60m with most of the dump only 45m above ground 
level and with a slope of 18º. The previous design capacity of the dump was approximately 
52.3 million m3. It was located immediately south of the open pit. The WRD was redesigned 
as part of the project optimisation exercise undertaken in late 2012/ early 2013. The key 
design specifications of this revised WRD design completed by AMC Consultants are 
indicated below (AMC, 2013):  

■ The lower profile WRD wraps around the open pit area. The WRD assumes a more 
environmentally friendly design.  

■ The WRD will be constructed with an 18º degree overall slope angle to conform to 
post closure stability angles; 

■ Berm width 25-30 m – (the berm in this design is 25 m to preserve overall angle 
close to 18º); 

■ Storm water from the WRD will be diverted to a sediment pond; 

■ The WRD will be located at a 100 m stand off from side of the open pit; 

■ The ramps will be 25 m wide; 

■ The wrap-around design has a gap between the dumps to the south of Larjor which 
follows the existing course of the Marvoe Creek. This gap is for sedimentation ponds; 

■ The upper surface of the dump is profiled to shed water away from the pit catchment; 
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■ The southern edge of the southeast dump is positioned adjacent to the access road 
and at the drainage divide between the open pit catchment to the north and the 
tailings facility catchment to the south; 

■ The northern toe of the dump has been positioned to abut the dams walls 
constructed to form the water storage dam and the MCDC channel; and 

■ An allowance has been made for a culvert under the western dump to facilitate 
drainage of the western open pit catchment under the WRD to the MCDC. 

2.5.1 Management of WRD 

The following management measures have been prescribed for the WRD, namely: 

■ Proper location and operating practices will be based upon the characteristics of the 
confining strata, to ensure the movement of any potential leaching solution is 
minimized beyond the extraction area and off-site aquifers are protected. 

■ Sufficient monitoring wells should be installed to enable water quantity and quality 
monitoring. 

■ Dumps will be planned with appropriate terrace and lift height specifications based on 
the nature of the material and local geotechnical considerations to minimize erosion 
and reduce safety risks; 

■ Management of Potentially Acid Generating (PAG) wastes will be placed as per the 
NAP and PAF classification of waste rock; and 

■ Designs of the WRD have to provide for potential deterioration of geotechnical 
properties with factors of safety, stability / safety assessments of existing facilities 
and should take changes to geotechnical properties in dumps, due to chemical or 
biologically catalysed weathering, into consideration. 

2.6 Gold Processing Plant 

The plant design is based on a typical two-stage crushing process, milling and Carbon in 
Leach (CIL) (it includes primary crushing, secondary crushing and a primary ball mill with a 
secondary regrind mill). A gravity circuit will be used on the primary cyclone underflow 
stream to recover free gold from the recirculating load in the milling circuit. The gravity 
concentrate will be leached in a reactor and the gold will be recovered from the pregnant 
solution with electro-winning. The milled product will gravitate to a trash screen before 
entering a pre-leach thickener. Thickened underflow will be pumped to a pre-oxidation stage 
using a shear reactor which flows into a six stage CIL to recover the dissolved gold onto 
carbon. Loaded carbon will be stripped in the elution and the eluate will be subjected to 
electrowinning to recover the gold. Loaded cathodes will be washed and the resultant gold 
sludge will be smelted to doré in a conventional gold room. Cyanide in the CIL tailings along 
with any other impurities will be detoxified in three stages prior to discharge to the TSF 
(NI43-101, May 2013). 

In the optimised flow sheet for New Liberty, high shear oxygen addition has been added to 
the pre-oxidation tank and the leach tanks have been removed. The CIL circuit has been re-
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sized to allow for a 24 hour residence time with six stages. The optimized circuit also 
includes second stage cycloning and a regrind mill (NI43-101, May 2013). 

A high proportion of the contained gold (50%) is recoverable by gravity with the remaining 
portion recovered by CIL leach for an overall gold recovery of 93% (NI43-101, May 2013). 

The process flow sheet is well known in the gold mining industry and historically has proven 
a successful processing route for gold ore bodies in Africa (NI43-101, May 2013) (Refer to 
Figure 2-1 for the process flow diagram for the plant). 

 

Figure 2-1: Process Flow Diagram 

2.7 Power Supply 

It is envisaged that electrical power for the mine and processing infrastructure will be 
supplied by multiple diesel or heavy fuel oil generators, operating in parallel, with step up 
transformers to a reticulation voltage of 11 kV. The power plant will have an installed 
capacity of approximately 10MW. 

2.8 Tailings storage facility 

Epoch Resources (Pty) Ltd (Epoch) is an engineering company that has considerable 
experience in mining waste management and the design of TSF’s. Epoch has been 
responsible for the design of the TSF at the NLGM. The information provided below is a 
preliminary design concept for the TSF and has been provided by Epoch.The preliminary 
concept and design criteria are presented in the following sections. 
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The Tailings are a slurry of around 30% solids and will be deposited via a pipeline from the 
plant onto the TSF. The material is predominantly silt size, but also contains clay and sand 
sized particles. Immediately adjacent to the point of deposition into the pond the tailings will 
contain a higher proportion of sand, because the sand particles settle out more quickly, while 
on the other side of the pond they will contain a higher proportion of clay. Consequently, the 
physical characteristics of the tailings will vary laterally across the pond to form a tailings 
beach. The tailings have low permeability, and as they consolidate the permeability will 
reduce to the extent that they are generally less permeable than the natural soils that 
underlie the embankment. The reducing permeability means that seepage from the tailings 
mass decreases significantly with time. Following consolidation, the permeability of the 
tailings reduces by more than a factor of 10 compared with its permeability after initial 
deposition, to become generally less than 10-9 metres per second. 

The TSF has been designed to accommodate a volumetric storage capacity of 9.4 million 
dry tonnes over an 8 year LoM. The general arrangement of the TSF is shown in Figure 
2-2.The TSF has been located in a natural topographic bowl. This site only requires the 
construction of one dam wall (starter embankment – initial wall constructed and then the TSF 
will be self-raising). Therefore, the TSF design will be a valley dam TSF with a single 
embankment wall. The TSF is located downstream of the open pit and creek diversion, 
resulting in a reduced potential risk profile should a TSF failure occur. The TSF has a total 
footprint area of 78 ha, a maximum elevation of 79.5 mamsl (a maximum height of 16.5 m) 
and an average rate of rise of ±1.3 m/year above the elevation of the earth embankment 
(Epoch – 43-101 NLG, 2013).  

 

Figure 2-2 General Arrangement of the Tailings Storage Facility (Epoch – 43-101 NLG, 
2013) 

2.8.1 TSF dam preparatory works  

The preparatory work that will be associated with the TSF will comprise of several activities 
that will be undertaken, which are summarised below: 

■ Vegetation will be cleared and destumped; 

■ Topsoil will be stripped to a depth of 300 mm over the entire TSF footprint; 

■ No compaction or ripping will occur; 
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■ A box cut will be excavated to a depth of 500 mm beneath the starter wall 
embankment; 

■ A vertical curtain drain located within the compacted earth embankment wall will be 
installed; 

■ A compacted clay key below the starter wall embankment will be put into place; 

■ The wall embankment will be constructed from suitably sourced earth material within 
the vicinity of the TSF and compacted; 

■ A 5 m wide elevated toe drain located on an elevated platform will be constructed. 
The toe drain will be positioned along the inside toe of the starter wall embankment;  

■ A 3 m wide toe drain will be constructed extending the length of the inside toe of the 
starter wall embankment; 

■ The trench will be constructed around the TSF, where the seepage from the drains 
will be channelled towards a collection sump; 

■ An energy dissipater for the collection of supernatant water from the penstock outfall 
pipe as well as seepage water from the toe drains and curtain drain will be 
constructed.  The water collected here will be pumped back to the plant as plant 
make up water that will be utilised for processing; 

■ A storm water diversion channel will also be installed to divert water away from the 
TSF; 

■ The penstock will be a developed comprising a precast concrete penstock and 
pipeline; 

■ A slurry deposition pipeline will be constructed along the length of the TSF starter 
wall embankment. 

At this stage, the specified size of the penstock pipeline and the slurry delivery pipeline has 
been based on preliminary design calculations which will be confirmed in the final design. 
The TSF shall be designed to conform to the; 

■ Cyanide Code Standard of Practice; and 

■ IFC Emissions and Effluent Guidelines of the Environmental, Health, and Safety 
Guidelines –Mining. This will be achieved by implementing measures to limit 
discharges to surface waters not exceeding 0.5 mg/l WAD cyanide and 0.1 mg/l of 
Arsenic (95% of the operating time for IFC standard). 

2.8.2 Operational phase of the TSF (depositional methodology) 

The proposed methodology for deposition into the TSF will be by means of a self-raising 
upstream system above the crest of the starter wall embankment. During the initial stages of 
deposition into the TSF, slurry material must not be deposited directly on the toe drain as 
this would lead to erosion and blockage of the drain system. Tailings will be deposited into 
the valley of the TSF through open ended hosing “Spigots’”, positioned at approximately 30 
m interval off-takes. The TSF has been designed to accommodate a volumetric storage 
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capacity of 9.4 million dry tonnes over an 8.5 year Life of Mine and tailings production of 1.1 
Mt/annum. 

Deposition will continue until the tailings elevation is within 1 m of the elevation of the starter 
wall embankment. At this point the deposition technique will change from open ended to a 
self-raising paddock system. Figure 2-3 illustrates the typical construction of a day-wall 
paddock system. 

Supernatant and storm water collected on the TSF shall be decanted through vertical 
penstock inlets and a buried penstock pipeline to the energy dissipater/collection sump from 
where it shall be pumped back to the plant as make-up water or discharged. During 
commissioning and initial development of the TSF, decanting occurs through single 
temporary/intermediate penstock inlets located along the migrating path of the pool from the 
starter wall embankment up towards the final location of the pool. It is at this final location 
where both the double penstock inlets and the pool wall/wing walls shall be situated. The 
intermediate inlets are progressively sealed as the pool is relocated to an adjacent upstream 
inlet. 

 

Figure 2-3: Typical Construction of a Day-Wall Paddock System (NI43-101 Report) 

2.8.3 Work to be completed on the design of the TSF 

The design of the TSF facility is not yet fully finalised but the preliminary design has been 
completed. Geotechnical investigations pertaining to the TSF and the tailings material itself 
has been initiated, but the outcome of this work is pending.  Currently based on the 
Feasibility Study residual soil (laterite/saprolite) is the most common and typical soil 
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encountered in the area and would thus be the material used in the construction of the TSF 
facilities. This will be sourced from within the basin area and immediate surroundings. 

Planned scope of work and activities going forward: 

■ On receipt of the geotechnical laboratory and site investigation reports, the TSF 
design shall be verified, finalised and all detail design drawings shall be produced; 

■ The design shall be verified against the geochemical test results; 

■ Slope stability analysis; 

■ Design location and size of under drains; 

■ Slurry delivery and distribution piping design; 

■ Update of Bill of Quantities; 

■ Final design drawings; 

■ Compilation of an operational manual; and 

■ Site visits and tests to confirm engineering design intent has been met. 

2.9 Marvoe Creek river diversion, dams and surrounding baseline water 
quality 

2.9.1 Baseline conditions 

2.9.1.1 River flow 

Monitoring of the Marvoe Creek flow rates started in April 2011, with a second monitoring 
location downstream from the mine added to the program in November 2011.   

The difference between wet season and dry season flow is significant with a wetter than 
normal year observed during the rainy season of 2012. During 2011 dry periods were 
significantly shorter than the wet months.  Two monitoring points were established 
(monitoring point 1 and 2). The average flow rate of monitoring point 1 is 4.92 m3/s. The flow 
rate for monitoring point 2 is slightly higher at 4.97 m3/s.  This small difference in flow 
between the points indicates that tributaries flowing into the Marvoe creek do not contribute 
much to the water volume in the area where the mine will be located.   

2.9.1.2 Baseline Water Quality 

The dominant cations in the surface water are sodium (Na), potassium (K) and calcium (Ca), 
with the exception of some samples that have slightly higher magnesium (Mg) levels than 
the other samples.  The main anions in the surface water are chloride (Cl) and bicarbonate 
(HCO3).  The surface water thus is a Ca/Mg-HCO3 water type with the groundwater being 
the Na-HCO3type.  The Ca/Mg-HCO3 type water observed is common in high rainfall areas 
with high recharge.  The shallow aquifer in the project area being formed by the saprock 
layer is a typical aquifer of this region which allows recharge to be fast and frequent.  This 
can be observed during the wet season with flow normally occurring as base flow and 
interflow in the top saprolite and saprock layers as soon as water has infiltrated. 
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Based on World Health Organisation (WHO) drinking water and the Liberian Class 2 and 3 
guidelines, the following conclusions can be made on the baseline NLGM water quality.   

■ None of the samples analysed have pristine water qualities adhering to all guidelines; 

■ Most surface water samples have pH levels below the 6.5 limit for drinking water 
qualities but can still be used for agricultural, industrial and household activities; 

■ There are two samples with arsenic (As) concentrations above the recommended 
0.01 mg/L limit given by the WHO (DSW1 at 0.011 mg/L As and SWM2 at 0.036 
mg/L As) which were taken from surface water streams used for domestic water 
supply; 

■ With the exception of one sample, all the surface water samples showed elevated 
iron (Fe) concentrations above the recommended limit for drinking water standards; 

■ The Fe concentration is suspected to be from water leaching through the ferricrete 
rich soils; 

■ A number of samples have Faecal Coliform levels above the recommended limits, as 
these rivers are used for recreation and domestic purposes by the local communities; 

■ The average pH of the groundwater samples is 6.5, which is on the lower limit of the 
WHO drinking water guidelines.  Although most of the samples do not comply with 
the pH guideline values, this can be due to natural decay of vegetation in the forested 
area; and 

■ The other parameter of concern in the surface water is potassium that is above the 
recommended Liberian Class 3 guideline value for agricultural and industrial use. 

2.9.1.3 Diversion and dam design 

The Marvoe Creek is the dominant drainage feature in the area. It is fed by numerous small 
tributaries and is itself a tributary of the Mafa River, which lies 5 km southwest of the Project. 
The creek diagonally bisects the site and the alignment is such that is passes through the 
proposed open pit and WRD. As a result of this, a permanent diversion channel is required 
to route the Marvoe Creek around the proposed open pit and the waste rock dump (Peens 
and Associates, June 2013). 

The Marvoe Creek diversion system will have two flood control dams/reservoirs (Dam 1 and 
Dam 2 respectively). Dam 1 will be constructed in the Marvoe Creek and Dam 2 will be 
constructed in a tributary of the Marvoe Creek. The proposed dams have a total storage 
capacity of approximately 11 million m3, of which 7 million m3 is flood storage and a 
maximum vertical height of 11 m. 

The design principle of the diversion channel is to simply mimic the existing natural 
environment of the Marvoe Creek before the existence of the mine. It is intended to create a 
system that will have an inner main channel with a floodplain where an ecosystem can 
develop over time.  We understand that the design includes recommendations for erosion 
control such as lining of the channels and flow control cross structures. 
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The typical cross-section has an inner main channel. The main channel has a bottom width 
of 20 m, a depth of 1 m and side slopes of 1:4 (Vertical:Horizontal). The main channel was 
designed to be on average 1m below existing ground level and follow the average 
longitudinal ground slopes. Where the main channel passes through cut areas, excavations 
are extended at a slope of 1:3 to 3.5 m above the main channel invert level and thereafter 
side slopes of 1:1.5. The reason for the 1:3 slopes is that on average flow, the depth of the 
100 year flood event is 3.5 m. (Peens and Associates, June 2013). 

The average velocity of the upstream section of the main channel will be between 3.0m/s 
and 4.2m/s during a 100 year flood event and in the downstream section between 2.0 m/s 
and 3.0 m/s. The shear forces in the upstream section of the main channel are between 
120N/m2 and 200 N/m2, and for the downstream section between 30 N/m2 and 120 N/m2 

(Peens and Associates, June 2013). 

2.9.1.4 Management 

In terms of management measures, continual monitoring will be implemented within the 
MCDC to monitor flow rates and water quality. It is recommended that flow rates within the 
MCDC, during the dry season be maintained as close to natural levels, through discharge 
from the holding dams and other sources (as long as the water quality discharged into the 
MCDC is permitted). Water quality monitoring will be undertaken to monitor changes in 
quality of water. 

2.9.1.4.1 Erosion management 

The new liberty creek diversion system, which includes two dam walls, two flood protection 
berms, one dam spillway with an energy dissipator and a diversion channel is part of the 
capital expenditure of the mine development.  The system was designed with two main 
objectives; namely (1) diverting the Marvoe Creek safely around the proposed open pit to 
allow uninterrupted mining activities in the pit and (2) minimising the environmental impact 
by concentrating on limiting the large scale sediment deposition downstream of the 
diversion. 

The first objective was reached by designing a system with adequate hydraulic capacity, the 
second objective was reached by selecting a channel dimension that will yield the lowest 
possible tractive forces on the channel bed and sides. 

Overview of scour 

Scour can either occur in a short time during a single major flood event or over a long time 
as a result of mean flows and frequent minor flood events. Over time a river will develop a 
main inner channel with a flood plain. The main inner channel dimensions is a function of 
resistance the in situ material can provide and the forces exerted by long term scour event 
.The occurrence of such events are too frequent to allow rehabilitation through sediment 
deposition and vegetation to grow back again. Once a river system has found its equilibrium 
for the inner channel long term scour contributes much less to the total scour in the system. 
Short term scour that is associated with a single major flood events are mostly not visible 
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after the flood event as sediment deposition cover the evidence, there is also ample time 
between these major events for vegetation to grow back into the flood plains. 

Overview of scour potential in the diversion channel 

In the case of New Liberty the slope that the diversion follows is much steeper than that of 
the Marvoe Creek and the tractive force of the water exceeds the resistance that the in situ 
soils can provide, therefore rip-rap lining is unavoidable. However the probability that the 
flood with a return period greater than 10 year will be exceeded at least once during the next 
2 years is 19% and a flood with a return period greater than 100 year is 2%. Information 
regarding return period was obtained from Hendrik Peens. If the rip-rap lining can be 
complete during the first year after the dam starts spilling these probabilities improves. 

Current constraints and proposed solutions 

DRA propose to construct the dam walls, cutting and spillway as per the design drawings. 
DRA proposes to construct the first 100 m downstream of the spillway stilling basin as per 
the drawings. The first 100m will be constructed as per drawings and the channel will be 
lined with Rip Rap and geotextile. Aureus will complete the remainder of the MCDC 
diversion lining once they obtain rip rap from mine blast rock. 

The rip-rap lining and associated geotextile filter currently account for a significant portion of 
the capital cost of the total diversion system this is due to the rate for importation of rip-rap. 
However once mining commence waste rock will be available which can be used for rip-rap 
providing it complies with the specifications. As can be seen from the risk analysis above, 
Aurues has committed to complete the lining of the diversion channel within two years after 
the dams fill up. The risk of major damage and permanent channel deformation is low.  

DRA has also suggest as a trade-off that Aureus consider utilising local unemployed labour 
to break down the waste rock to comply with specification, shape the channel and place the 
geotextile and rip-rap. This will uplift the community through skills development and enable 
them to earn a day's wage to alleviate poverty. 

Although it is not the most desirable solution to limit short term scour, the above provides 
financial relief to the project during capital expenditure and assist in poverty alleviation. DRA 
will also install the first 100m of Rip Rap and geotextile downstream of the spillway. The dam 
walls, cutting and spillway will be constructed as per the design drawings. Aureus Mining will 
complete the lining of the spillway during the first two years after the dam fills up. 

2.10 General waste landfill site 

A general waste landfill is an important part of waste management at the NLGM site. The 
volume of waste being produced will increase during the life of the mine.  Waste 
management will follow the normal hierarchy of: minimisation, then recycling where possible, 
then prevention and re-use, before disposal is considered at the NLGM general/domestic 
waste landfill site.  

A general landfill site will be commissioned at the NLGM accommodation camp. The waste 
will be compacted and backfilled as and when required. Burning of waste will be carried out 
on a scheduled basis before 6 am and after 6 pm.  The general waste landfill site will be 
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fenced and properly demarcated with proper signage boards. Waste production shall be 
minimised and waste re-use encouraged on site. 

All combustible solid wastes and all hazardous wastes (including process residues, solvents, 
old oils/hydrocarbon materials etc.) will be incinerated.  The incinerator will be located close 
to the processing plant (Golder, 2012). 

It is recommended that food waste should not be landfilled but composted. The compost can 
be sold or used in community farming programmes or during rehabilitation, there are also 
other benefits such as the use of food waste to produce biogas that can be used for cooking 
or heat generation, thus possibly resulting in reduced consumption of fossil fuels. 

2.11 Specific practices regarding waste and cyanide management 

Specific practices regarding waste management on site will include the following: 

Industrial waste will comprise items such as used lubricants, filters, tyres, batteries and 
personal protective equipment. These will be stockpiled until there are quantities adequate to 
make disposal cost effective.  This waste will then be dealt with according to their nature and 
the Aureus Waste Management Guideline and Hazardous Materials and Contamination 
Guideline: 

■ Household waste will mainly be placed in the approved NLGM landfill site; 

■ Medical waste will be incinerated in purpose-built incinerators with high burn 
temperatures, or a suitable burning facility; 

■ Properly engineered toilets will be provided at long term work sites, along with 
appropriate permanent sewage-treatment arrangements; and 

■ Aureus operations will follow the Cyanide Code principles and standards applicable 
to several aspects of cyanide use including its purchase (sourcing), transport, 
handling/storage, use, facility's decommissioning, worker safety, emergency 
response, training, and public consultation and disclosure throughout the life of the 
mine. Aureus will follow the Cn management plan submitted to EPA for approval. 

2.12 Changes to infrastructure 

2.12.1 Plant 

The new plant location is now much closer to the new TSF location which reduces pumping 
costs and therefore helps to minimise the carbon footprint of NLGM. The closer proximity of 
the open pit results in reduced haulage distances and will also reduce dust generation and 
the carbon footprint from haulage activities. The plant is now located on a 4° slope and this 
slope assists in reducing conveyor lifts and distances and, therefore power consumption. 
The close proximity of the plant to the TSF will enable plant water to be recycled during 
processing, therefore reducing pumping costs and minimising the carbon footprint.  

Reduction in reagent consumptions and optimisation of gold recovery are dependent on 
metallurgical studies which have been conducted and which continue to be.  These include 
work on improving the leach kinetics and the application of shear pre-oxidation oxygen.  Also 
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finer grinding assessments have been undertaken. The result of the additional work 
undertaken, resulted in a reduction in cyanide consumption by 66% and the CIL leach 
residence time is halved from 48 to 24 hours. This work led to the reduction in CIL tanks by 
two and the elimination of one of the larger pre-oxidation tanks, potentially reducing the 
footprint of the plant.  Reduced cyanide usage means less cyanide needs to be transported 
and less needs to be destroyed in the cyanide destruction plant resulting in numerous safety 
benefits. 

The metallurgical test work confirms an average 93% steady state recovery.  

As a result of the test work and studies conducted, the plant layout is now more optimally 
configured than it was before resulting in energy and reagent savings. 

2.12.2 Mining 

From the DFS conducted for the NLGM, an assessment was conducted on how the mining 
method could be optimised. The following findings are a result of the DFS, namely: 

■ The pit design and mining schedules have been refined to a higher level of 
confidence. As a result of the inclusion of substantial additional data, a new 
geotechnical model has been developed and pit slope design parameters have now 
been outlined in more detail with specific domains defined; 

■ Accommodating for high seasonal rainfall. Safety berms have been enhanced and 
drainage capacity and pump capacity have been improved; 

■ Revised pit designs. This results in an increase in the Mining Reserve contained gold 
ounces of approximately 1.5% and the average gold grade from 3.3 to 3.4 g/t; and 

■ Mining fleet will be new. This reduces the operating risk and has less maintenance 
requirements and standing time and should improve reliability. (The previously 
announced Feasibility Study had a mixed fleet of new and used machines), which will 
reduce the carbon, NOx and SOx footprint as new vehicles would require less 
maintenance and are more efficient. 

Mining vertical rates of advance were reviewed. These are more conservative and take into 
account the local climate and operating conditions. This will ensure less land degradation 
due to waste rock disposal. 

2.12.3 Infrastructure 

In addition to the refinement of the mining plan, the DFS also considered how infrastructure 
located around the NLGM site could be optimised and if the relocation of certain 
infrastructure items would be beneficial in terms of operational, expenditure and 
environmental remedial costs. The findings are presented below: 

■ Relocation of TSF to the south of the pit. This re-siting reduces the environmental 
risk for contamination of the MCDC, if a failure of the TSF were to occur. In addition, 
the relocation of the TSF removes the requirement to have a tailings pipe from the 
plant to the TSF that crosses the MCDC; 
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■ The TSF is located in a natural topographic bowl. This site only requires the 
construction of one dam wall. The environmental benefit is easier seepage control 
and less walls to manage for sustainable closure; 

■ Proximity of TSF to plant site will reduce pumping costs. The TSF is now closer to 
and is down-slope from the process plant, thereby reducing pumping costs and 
hence the carbon footprint; 

■ Relocation of WRD. The WRD now wraps around the pit to reduce haulage costs, 
resulting in a reduction of dust generation and footprint pollution size.  It also 
provides additional protection against the risk of flooding. The WRD now has a lower 
height profile which will reduce the rehabilitation requirements at closure. In addition 
to this, the WRD has been designed with a slope profile of 18 degrees to minimise 
the erosion of topsoil during rehabilitation and to help in reducing the visual intrusion 
that the WRD would have; and increase the aesthetic value; 

■ LiDAR survey (Light Detection and Airborne Ranging – airborne laser survey 
technique) identified a more suitable route for the MCDC. This survey facilitated the 
reduction of volume of earthworks being undertaken, thus resulting in potential 
reduction in land degradation and dust that would be generated if larger volumes of 
material had to be hauled; and 

■ The optimisation work detailed above resulted in the NLGM Project having an 
improved layout and design which has reduced the technical, environmental and 
operational risks.  
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2.12.4 Project activities 

The below table (Table 2-1) highlights the key activities associated with the NLGM from the 
construction phase, operational phase and closure and post closure phases and through to 
the rehabilitation and closure phase. 

Table 2-1: Mining Activities for New Liberty, the Construction Phase is currently 
underway 

Constructions Phase  

Recruitment, procurement and employment of local and international staff. 

Relocation of subsistence farmers, artisanal miners and Kinjor and Linjor Village. 

Clearance and stripping of vegetation – primary, secondary forests and transformed areas for the 
construction of the TSF, Waste Rock Dump, Processing Plant, Dam, Mine Camp, Village Relocation 
Site, Pit, Waste Dump, Incinerator and related exploration activities. 

Removal of topsoil for the construction of the TSF, Waste Rock Dump, Processing Plant, Dam, Mine 
Camp, Village Relocation Site, Pit, Waste Dump, Incinerator and related exploration activities. 

Compaction of laydown areas and construction areas for example the TSF and processing plant 
areas. 

Building of terraces for the construction of the processing plant. 

Development and expansion of haul roads and access routes to the mine. 
• Upgrading of the public road from Daniels Town to the mine. 
• Creating exploration paths for drilling. 
• Construction of haul and access roads to transport waste rock and material from the pit to the 

processing plant. 
• Construction of general access routes around the mine site. 
• Construction of a new access road from Jikando to the Village Resettlement site. 
• Compaction of the roads. 

Transportation of construction material to the site: 
• Material required to construct mine related infrastructure. 
• Logging of trees during the clearance of vegetation to be used to build houses and offices for 

the new mine camp and other related infrastructure. 
• Utilisation of material (soil) to construct bricks for the construction of houses for the Village 

Resettlement site. 
• Truck stop and refuelling 

Construction and the laying down of supporting infrastructure, such as pipes, power lines etc.  

Mining development: 
• Blasting of the open pit; 
• Development of the initial bench for access to the pit. 
• Stockpiling of waste rock, topsoil and subsoil and ore related material. 

Water Management Activities: 
• Construction of the TSF and the Dam. 
• Construction of the water reticulation network. 
• Construction of the Marvoe Creek diversion (associated clearing of vegetation and digging of 

the diversion trench and profiling of the trench. 
• Construction of the dam walls (stockpiling and compacting of material) 

Hydrocarbon management during construction: 
• Servicing of equipment and machinery. 
• Pumping of fuel. 

Waste management activities: 
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• Consecution of a general waste landfill site and incinerator 
• Sewage plant 

Heritage sites: 
• Demarcation and signage for these sights 
• All affected graves will be relocated 

Warehouse & cyanide storage 

Laboratory plant and environmental laboratory  

Operational Phase  

Mining and processing  related activities: 
• Blasting within the pit. 
• Stockpiling of waste rock dumps. 
• Drilling for explosive use. 
• Processing of ore at the processing plant (crushing and screening activities). 
• Electro winning and processing of Gold within the Gold Room. 
• Stockpiling of material at the Run of Mine stockpile. 
• Shaping of the Waste Rock Dump during operation. 
• Pumping of waste to the TSF and operation of the TSF Facility. 
• Use of the haul roads and access roads. 

Hydrocarbon management activities, including: 
• Hydrocarbon storage and dispensing; and 
• Storage of used oil. 

Water management activities, including: 
• Use and maintenance of pollution control dams and storm water management systems; 
• Maintenance of Marvoe Creek diversion; 
• Potential pumping of water from the Dam into the Marvoe Creek Diversion. 
• Use and operation of the dam and TSF facility. 
• Water diversion berms; 

Waste management activities, including: 
• Collection and separation of waste. 
• Management of waste facility and incinerator. 
• Clean-up of hydrocarbon spills. 

Progressive rehabilitation  

Commencement of backfilling of the first section of the pit (old location of Lajor Village). 

Decommissioning Phase  

Retrenchment of local and international work force. 

Rehabilitation activities, including: 
• Removal of certain infrastructure (Certain infrastructure will be handed over to the Liberian 

Government – processing plant, offices and accommodation facilities). 
• Construction of a bund for safety and  also to minimise clean runoff into the the pit; 
• Allowing the pit to become a pit lake- not to sterilise potential underground gold resources. 
• Shaping of the pit edges; 
• Introduction of aquatic vegetation around pit lake; 
• Rehabilitation of the TSF, using saprolite as a capping layer; 
• Encapsulation of potential reactive waste (undertaken during the operational and construction 

phase of the mine). 
• Removal of infrastructure associated with the TSF (penstock, shaping of the deposited 

tailings etc). 
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• Removal of process water pond and associated liner and contaminated soils and shaping and 
rehabilitation of area. 

• Removal and rehabilitation of the storm water pond and raw water dam (if there is a raw water 
dam). 

• Treatment/removal of any contaminated soil. 
• Rehabilitation of haul and access roads by ripping and allowing natural vegetation to 

recolonise. 
• River diversion will be a permanent feature. 
• Ripping of non-backfilled infrastructural footprint areas. 
• Establishment of vegetation. 

Environmental monitoring of decommissioning activities. 

Post-Closure  

Surface water quality monitoring 

Groundwater quality monitoring 

Reclamation monitoring 

Care and maintenance 

Post closure stream diversion monitoring 

3 LEGISLATVE REQUIREMENTS, INTERNATIONAL STANDARDS 
AND INSTITUTIONAL FRAMEWORK 

3.1 National Liberian Legislation and Policies 

This section provides a summary of relevant information in legislation, policies and plans that 
have bearing on the Project1.  

3.1.1 The Liberian Constitution (1986) Article 7 

Article 7 of Chapter II of the New Liberian Constitution of 1986 provides for full public 
participation of all citizens in the protection and management of the environment, as well as 
consultations with, and the involvement of, a cross-section of stakeholders. 

3.1.2 The Mineral Policy of Liberia (2010) 

The Mineral Policy of Liberia, introduced in 2010, is intended to provide adequate indications 
to the investment community (both national and foreign) of a competitive mineral regime in 
Liberia that is informed by international trends, adheres to international norms, is grounded 
in local conditions and is accountable to national common interests.  

                                                

1 The reader is referred to the EIS compiled by Golder Associates for a full exposition of policies, legislation and 
administration relevant to the NLGM as a whole.   
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3.1.3 Ministry of Lands, Mines and Energy 

The Ministry of Lands, Mines and Energy ensure the sustainable management and judicious 
utilisation of the country’s Lands Mines & Energy resources. There are three main 
departments: Lands, Mineral Resources and Energy. 

3.1.4 Mineral Resources Department 

The Mineral Resources Department acts as both the National Geological Survey and Mines 
Department of the Republic of Liberia, with the mandate to look after the Mining. Its two 
major operating areas are mines administration and geological and mineral investigations. 

3.1.5 National Environmental Policy (2002) 

The Liberian government has a National Environmental Policy that was approved in 
November 2002. This policy seeks to ensure the improvement of the physical environment, 
quality of life and co-ordination between economic development, growth and sustainable 
management of national resources. The following sections are relevant to the SIA: 

■ Section 4.8 , which states that the “EIA process must document, evaluate, store, 
disseminate and utilise local and traditional knowledge and practices with regard to 
environment and natural resource management”; 

■ Section 5.9-4 , which states that “mining activities should take into consideration the 
socio, cultural and economic impact of the area”; and 

■ Section 6 , which states that “stakeholder participation should be encouraged to 
involve everyone in decision-making, planning and implementation”. 

3.1.6 National Forest Policy (2006) 

The National Forest Policy was published in 2006. The aim of the forestry policy of Liberia is 
to conserve and sustainably manage all forest areas, so that they will continue to produce a 
complete range of goods and services for the benefit of all Liberians and contribute to 
poverty alleviation in the nation, while maintaining environmental stability and fulfilling 
Liberia’s commitments under international agreements and conventions. 

3.1.7 Forest Development Authority 

The Forest Development Authority (FDA) was established in 1976. The FDA is in charge of 
the sustainable management of the forest and associated resources, including forest lands 
and wildlife. It provides medium and long term planning within the forest sector, the 
preparation and promulgation of forest policy, law and administration, the release of forest 
concession agreements, monitoring activities of timber companies and managing protected 
area programs and wildlife and national parks. 

Other FDA activities include forest conservation, educational awareness, agro-forestry 
programs, environmental awareness-raising in communities surrounding protected areas, 
and discussion of trans-border issues (such as hunting in restricted areas, which tend to 
extend into neighbouring countries). 
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3.1.8 Environmental Protection Agency Act (2003) 

To ensure the effectiveness of the National Environmental Policy, the establishment of a 
functional, independent and authoritative institutional body for the management of the 
environment was required. Thus, the EPA of Liberia was established in 2002. The Agency 
co-ordinates, monitors, supervise and consult with relevant stakeholders on all activities in 
the protection of the environment and sustainable use of natural resources. 

3.1.9 National Environmental Action Plan 

The National Environmental Action Plan, prepared every five years, provides general 
guidelines for the management and protection of the environment and natural resources of 
Liberia, well as the strategies for preventing, controlling or mitigating any negative effects. 
The Plan is linked with County Environment Action Plans and forms the basis of national 
environmental planning and implementation of development programmes.  

3.1.10 Liberia Land Commission Act (2009) 

The objective of the Act is to propose, advocate and coordinate reforms of land policy, laws 
and programs in Liberia. It does not have adjuratory or implementation role. The goal of the 
commission is to develop a comprehensive national land tenure and land use system that 
will provide equitable access to land and security of tenure so as to facilitate inclusive 
sustained growth and development, ensure peace and security and provide sustainable 
management of the environment. 

3.1.11 Liberia Extractive Industries Transparency Initiative Act (LEITI), (2009) 

This Act requires that companies involved in extracting natural resources must publish what 
they pay and Government must report on what they collect from the companies. 

3.1.12 Biodiversity Legislation and Policy 

Liberia ratified the Convention on Biological Diversity (CBD) on 8 November 2000; this acts 
as the over-arching framework for all Government legislation and policy concerning the 
conservation and sustainable use of biodiversity and the equitable sharing of its benefits. 

3.1.12.1 National Biodiversity Strategy and Action Plan (NDSAP) 

This is the key government policy with regard to biodiversity at a national level. The goals 
and objectives are developed in consonance with the guiding principles. Those relevant to 
the current project are: 

a) Liberia’s economic development must be based on sustainable use and sound 
management of renewable and non-renewable resources; 

b) Ecosystem approach should be seen as critical to comprehensive and effective 
conservation and sustainable use of biological diversity;” 

The NBSAP has an overall goal in very general terms, and six specific goals, only the first of 
which has direct relevance to the NLGM, which is: 
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“To take appropriate measures to protect critical ecosystems against harmful effects or 
destructive practices for conservation of biological diversity” and in order to meet this, 16 
objectives are elaborated, those most relevant to the project being: 

■ Manage, conserve, protect and maintain game species and agricultural biodiversity 
as well as representative samples of forest ecosystems, inland water ecosystems, 
coastal and marine ecosystems, wetlands, natural heritage sites; 

■ Develop EIA criteria for all programmes and projects that are likely to have significant 
impacts on biological diversity; 

■ Leave enclaves of natural forests on higher elevations and along waterways; and 

■ Regulate the introduction of alien species. 

3.1.13 Wildlife and National Parks Act (1988)  

This Act covers the policies and objectives, the administration, and the establishment of 
protected areas, as well as their management including plans, and prohibited acts; controls 
on hunting; and the establishment of protected species. 

3.2 Management at a local level 

3.2.1 Statutory Management Practices 

In support of the establishment of the EPA, County and District environmental committees 
have been established, which are responsible for the local delivery of national environmental 
policy and priorities. In a move towards a more bottom up approach, a key function of the 
committees is to articulate local level environmental issues to the EPA who in turn are 
charged with formulating and passing on a relevant response for local level implementation. 

In addition, the EPA is mandated to appoint environmental inspectors within districts to 
monitor the implementation of environmental standards. The power of these inspectors is 
wide ranging and includes the provision to close “any manufacturing plant, establishment or 
other activity which pollutes or is likely to pollute the environment, contrary to the provisions 
of the Act”. 

3.2.2 Traditional Management Practices 

Local level resource management is implemented through traditional systems and practices. 
At the lowest level of local administration, power and decision-making is in the hands of 
traditional tribal authorities. The highest rank is that of Paramount Chief who is responsible 
for the actions of a number of Clan Chiefs. The Paramount Chief is elected by the chiefs and 
elders but serves at the discretion of the President, who may veto the election. The 
Paramount Chief has responsibility for enforcement of tribal customs, aspects of law and 
order, collection of taxes by lower rank chiefs, and promotion of agriculture, industries, trade 
and welfare. 

Chiefs are not government employees, but retain a portion of taxes for their services and for 
local projects. Traditionally, their power is largely determined by their control (not ownership) 
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of land. The interactions between the State and its institutions with the traditional tribal 
institutions and practices are regulated by the Hinterland Laws 1949. 

3.3 International best practice 

In addition to adherence to the relevant national standards, best practice for projects in 
emerging economies is generally informed by those of the international financing 
organisations. Prime among these are those established by the International Finance 
Corporation (IFC). Over several decades the IFC has developed various guidelines, policies, 
performance standards and directives to ensure that environmental and social safeguards 
are integrated into the planning and implementation of the projects it finances. These are 
widely considered to set the international benchmark standards across a range of industries. 

The following IFC standards and guidelines have informed: 

■ The Eight Performance Standards on Social and Environmental Sustainability; 

■ Guidance Notes and reference documents; 

■ The IFC’s Environmental Health and Safety Guidelines for Mining; 

■ Guidance and standards for drinking water quality have been taken from the WHO 
standards; and 

■ The World Health Organisation Air Quality Guidelines Global Update. 

3.4 Equator Principles 

The Equator Principles (EPs) were launched in 2003 and are based on the Policy and 
Performance Standards and on the Environmental Health and Safety Guidelines set down 
by the IFC.  

■ The IFC has updated its sustainability framework, which includes the Performance 
Standards, and applied the revised standards from 1 January 2012.  

The revised IFC Performance Standards provides simple guidance on how to achieve this: 

■ The existing Equator Principles refer to the revised IFC Performance Standards from 
1 January 2012; 

■ The revised IFC Performance Standards applied (as per the EPs) to all new and 
current project finance transactions when the borrower has commissioned an 
Environmental and Social Impact Assessment (ESIA) on or after 1 January 2012; 

■ The old IFC Performance Standards can be applied to current project finance 
transactions when the borrower has commissioned an ESIA before 1 January 2012 
on the proviso that it is completed by 30 June 2012; and 

■ All new transactions after 30 June 2012 to apply the revised IFC Performance 
Standards. 
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The EPs are adopted by financial institutions and are applied where total project capital 
costs exceed US$10 million. The Equator Principles are primarily intended to provide a 
minimum standard for due diligence to support responsible risk decision-making. 

Equator Principles Financial Institutions commit to not providing loans to projects where the 
borrower will not or is unable to comply with their respective social and environmental 
policies and procedures. 

3.5 Corporate Policies 

As a local operating company of Aureus, the conduct and operations of NLGM in Liberia will 
be and are dictated by a suite of guidelines, policies and plans which set out the company’s 
commitment to the environment, sustainability and social issues.  

These are summarised in the revised environmental policy statement as: 

■ Implementation of environmental management systems that are compatible with ISO 
14001 EMS; 

■ ISO 14001 certification for all production facilities; 

■ Compliance with all relevant environmental laws and regulations and other company 
commitments; 

■ Continuous and sustainable improvement in environmental performance, taking 
advantage of systematic monitoring and aiming at pollution prevention; 

■ Development, improvement and application of low impact, environmental production 
methods taking benefit of locally available materials; 

■ Efficient use of natural resources, energy and land; 

■ Management and reduction where technically and economically feasible of the CO2 
footprint of gold production; 

■ Employment commitment and responsibility in environmental performance; 

■ Supplier and contractor awareness and respect of Aureus environment policy; and 

■ Open communication and dialogue with all stakeholders affected by Aureus Mining’s 
operations. 

Key elements of these policies are: 

■ The implementation of environmental management systems including an EMS, 
compatible to ISO 14001 system; 

■ Compliance with all relevant national environmental and community engagement 
laws and regulations and other company commitments, keeping the Company’s 
environmental impact to a minimum; and 

■ Working towards a goal of zero accidents, zero significant environmental incidents 
and social incidents and health injuries to establish and maintain a safe working 
environment. 
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To ensure that these policies and plans are delivered at the local level, Aureus is putting into 
place a management and monitoring framework which will place the onus on its national and 
international operating companies to deliver the company commitment. 

3.6 Other legislation and policy 

This relates principally to legislation and policy applicable to social, economic and 
community issues which are currently being addressed. It is anticipated that this will include 
legislation and policy relating to economic development, land tenure, labour laws, health and 
safety, and community rights, etc. 

3.6.1 Terms of the Mineral Development Agreement 

Section 16 of the MDA between the Aureus and the Government of Liberia is of relevance to 
the updated ESIA which reads “16.1 Environmental Impact Statement: The Parties 
recognize that operations may result in some pollution, contamination or other environmental 
damage to land, water and the atmosphere within the Contract Area and elsewhere. 
Accordingly, the Operator shall submit to the Minister before the commencement of 
Exploration and Production and Environmental Impact Statement (EIS) The EIS shall show 
the adverse effect operations will have on the environment and review plans to mitigate such 
effects”. 

In terms of the MDA, Golder conducted an EIS for the project to meet the requirements of 
the MDA, which was submitted and approved by the Liberian EPA and other governmental 
departments. Subsequent to this and based on the changes to the layout of infrastructure for 
the NLGM, it was recommended that an updated ESIA and associated specialist studies be 
conducted and submitted to further meet the on-going requirements of the MDA. 

3.6.2 International obligations, commitments and conventions 

Liberia is a party to a range of international conventions, a number of which have relevance 
to the project. Those of most relevance are presented in Table 3-1 below 
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Table 3-1: International Conventions under which Liberia has obligations relevant to 
the project 

Convention 

Date of 

Approval/ 

Consent 

Main obligations 

 

Relevance to Project 

Convention on Biological 

Diversity (UN,1992a) 

08-Nov-00 1. Three main goals:  

The conservation of biological 

diversity; 

2. The sustainable use of its 

components; and 

3. The fair and equitable sharing of 

the benefits from the use of 

genetic resources. 

Construction and 

0peration of the 

project should lead as far 

as possible to no net loss 

of biological resources 

including genetic 

diversity. 

Ramsar Convention on 

Wetlands of International 

Importance (UNESCO, 

1971) 

02-Nov-03 Advances conservation and wise use 

of wetlands and their resources. 

Wetlands of International 

Importance must not be 

damaged in any way - 

the wetland area of Lake 

Piso (near Robertsport), 

located approximately 30 

km south of the Project 

area, downstream, has 

been identified as a 

RAMSAR Wetland. 

Convention on 

International Trade in 

Endangered Species of 

Wild Fauna & Flora 

(Cites)(UNEP, 1979a) 

09-Jun Strictly controls trade in endangered 

species. 

Limits hunting of rare 

species. 

African Convention on 

the Conservation of 

Nature and Natural 

Resources (OAU, 1968) 

21-Sep-78 Encourage action to conserve use and 

develop soil, water, flora and fauna 

sustainably from economic nutritional 

scientific educational cultural and 

aesthetic points of view. 

Needs action to conserve 

soil and prevent erosion; 

control pollution; 

and conserve flora and 

fauna. 

United Nations 

Framework Convention 

on Climate Change (UN, 

1992b) 

2003 Requires efforts to combat global 

warming and a key tool in promoting 

sustainable development. 

Various sources of CO2 

emissions. 
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4 PROJECT ALTERNATIVES 

4.1 TSF site alternative 

A Feasibility study was undertaken by Golder which identified a preferred TSF site and 
associated design. The study identified a site north of the open pit as the preferred TSF site.  

During the optimisation DFS various aspects of the mine layout changed in terms of location 
of infrastructure, including the process plant, waste rock dumps and TSF. TSF sites located 
in the south of the site and open pit had been considered during the Feasibility Study but 
were considered less favourable with some sites appearing to extend outside of the mine 
lease area. It should be noted that the survey information used during the Feasibility Study 
was not of a high level of accuracy. For the optimisation study, a LiDAR topographic survey 
of the mine site was made available and due to this, and the changes in the mine layout, a 
more favourable TSF site was identified in the south of the mine lease area. Based on the 
DFS and additional work undertaken, the following was concluded for the new location and 
the design of the TSF: 

■ Valley dam TSF with a single embankment/starter wall incorporating significantly less 
earth fill volumes. The tailings dam is constructed as a self-raising upstream dam 
from year 2 onwards as the rate of rise is below 2.5 m/yr and typically around 
1.3m/yr. The benefit is a more stable dam, easier control of groundwater seepage 
and lass walls to close; 

■ Close proximity to and downslope of the plant, thus requiring less pumping distance 
and slurry piping; reducing NLGM carbon footprint; 

■ TSF is located downstream of the open pit and creek diversion, resulting in a 
reduced potential risk profile should a TSF failure occur; and minimise seepage 
conditions; and 

■ The slurry pipeline does not cross the creek diversion, thus the environmental risk 
due to potential pipe bursts and leakages into the creek diversion are nullified. 

4.2 Waste Rock Dump Alternative 

The redesign of the WRD was considered based on a trucking assessment that was 
conducted by AMC Consulting in 2013. The findings from the assessment noted that to save 
on haulage distance the WRD should wrap around the open pit instead of being located to 
the south of the open pit.  

The redesign of the WRD resulted in approximately a 7% less total trucking hours that will be 
required, thus resulting in an operational cost saving and minimised carbon footprint for 
Aureus. The redesign of the pit has had an additional benefit as the design took into 
consideration the hydrological benefits of having the WRD protect the pit from surface water 
ingress as well as having a design that is easier to rehabilitate. The negative impact 
associated with the redesign of the WRD has resulted in the WRD being slightly larger in 
terms of surface area when compared to the original higher and steeper gradient design. 
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4.3 Processing Plant Alternative 

The new location of the processing plant is now in much closer proximity to the new TSF 
location (located northwest of the TSF below the WRD and open pit). This has resulted in, 
and was motivated by, a reduction in pumping costs from the processing plant to the TSF. 
Thus minimising the carbon footprint and potential spillages from the pipeline. 

The plant is now located on a 4° slope which assists in reducing conveyor distances and, 
therefore, power consumption. The close proximity of the plant to the TSF and the 
incorporation of a raw water storage pond will enable plant water to be recycled during 
processing, thus optimising water use and overall natural resource conservation. 

4.4 No-Go Alternative 

Construction activities have commenced for the Project and based on the optimisation DFS 
assessment, the best suited locations for layout of site infrastructure have been determined. 
The only other alternative to consider is the No-Go Alternative. 

The current land use of the area is primarily subsistence agriculture associated with two 
small villages. The method of subsistence agriculture is particularly destructive as it is a form 
of slash and burn agriculture. Large areas are completely cleared for the development of 
cropping areas, which after a few years are abandoned and another area cleared. This 
method is rotational, with areas cleared which were cleared several years ago being 
recleared again for farming. The result is a mosaic of forest ranging from recently cleared, to 
that which was cleared over 20 years ago, as well as patches of primary forest. This 
agriculture is generally located in close proximity to villages and within the flood plains of the 
river and stream systems, sometimes extending into swamps within the area.  

Additional land use includes bush-meat hunting, the use of the forest for both timber and 
non-timber forest products (NTFPs) including medicine, food and magic. A fair amount of 
land clearing and the resultant impacts of vegetation loss have occurred as a result of the 
artisanal mining currently underway in the area demarcated as the pit for the NLGM. No 
further clearing is taking place, but the area surrounding this mining activity is the most 
disturbed of the region. 

Secondary impacts from loggers is also impacting the local environment, as access to areas 
that were previously inaccessible (exploration paths and roads) has resulted in loggers 
moving into areas resulting in larger scale impacts being experienced for the area as 
originally loggers would not have been able to access these areas. 

The No-Go option would result in the continuation of the current land use and the impacts 
associated with this land use would cause further degradation due to community activities as 
mentioned above. The continuation of subsistence agriculture would not provide for the short 
term and long term economic growth that the NLGM could offer, thus the no-go option would 
result in a lack of the following: 

■ Employment opportunities for local communities; 

■ Training and development of skills; 
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■ Increased access to services; 

■ Improved livelihood for community; and 

■ Financial benefits for the Liberian Government at the local, regional and national 
levels. 

5 STAKEHOLDER ENGAGEMENT PLAN AND GRIEVANCE 
MECHANISM 

Aureus has identified the need to develop and implement a Stakeholder Engagement Plan 
(SEP) as part of the Environmental and Social Impact Assessment (ESIA) update and to 
comply with requirements of the International Finance Corporation (IFC), and specifically 
that of Performance Standard 1 (PS1). The development and implementation of the SEP are 
not merely to adhere to requirements of international institutions, but to provide structure and 
guidance for on-going engagement with stakeholders. It aims to: 

■ Build on an understanding of previous stakeholder engagement activities undertaken 
in the project area; 

■ Identify the stakeholders, concerns and interests to be engaged with; 

■ Clarify detailed goals and objectives for engagement; 

■ Discuss various engagement mediums to be utilised; and 

■ Provide an implementation plan. 

In order to adhere to the above mentioned objectives, the SEP comprises of three main 
components which are described in further detail below. 

5.1  Strategy 

The strategy gives direction to the SEP and individual components included therein. A vision 
for SE has been proposed focussing on NLGM being a mining company recognised and 
welcomed, contributing towards social, economic and environmental development. Two long 
term goals have been defined for areas of social and environmental requirements to be 
achieved. In brief, these include attaining a formal licence to operate and a social licence to 
operate which provides the basis for development of the short term objectives to be 
formulated. Five specific objectives have been put forward in the SEP which revolves around 
inclusivity, establishing relationships, participation, internal capacity of the organisation and 
stakeholder concerns.  

5.2  Situational analysis 

The situational analysis sets out the background and context for stakeholder engagement 
and provides a basis for the Implementation Plan to be developed from. It also aims to 
create deeper understanding of the factors that need to be considered for activities that are 
related to stakeholder engagement, whether they are internal or external to Aureus. In this 
section the following components will be discussed as part of the situational analysis. 
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5.2.1 Regulatory requirements for Liberia and IFC 

The Environmental Protection and Management Law, 2002, is the Liberian regulation 
dictating activities which has an impact on the direct environment, albeit social or natural. 
Under this regulation various sections highlight the requirement for public consultations and 
also provides for an opportunity for the Environmental Protection Agency of Liberia (EPAL) 
to take the lead by means of calling for public hearings. 

The IFC prescribes a set of Performance Standards which need to be adhered to in order to 
be considered for funding opportunities. These lender requirements speak directly to 
stakeholder engagement activities and provide clear objectives and good practice 
guidelines. Performance Standard 1 is focused on Social and Environmental Assessment 
and Management Systems (PS1) while Performance Standard 5 is concerned with Land 
Acquisition and Involuntary Resettlement (PS5). 

5.2.2  Stakeholder analysis 

The approach whereby stakeholders have been identified is described in this section of the 
SEP and is mainly associated with the Environmental Impact Statement (EIS) that was 
compiled and consultations completed for the RAP. Stakeholder groups identified are 
categorised according to: 

■ National Government; 

■ County/District Authorities; 

■ Traditional Authorities; 

■ Town Authorities; 

■ Communities; 

■ Civil Society and Non-Governmental Organisations; 

■ Commerce and Industry; and 

■ International Organisations. 

A draft stakeholder database has also been developed from the Golder EIS Report and 
consultations undertaken as part of the Resettlement Action Plan (RAP). This database 
needs to be updated throughout the NLGM lifecycle. 

5.2.3 Summary of stakeholder engagement activities 

Engagement with stakeholders was undertaken as part of the EIS process and development 
for the RAP. Consultation as part of the EIS process was focused on: 

National government 

■ Environmental Protection Agency; 

■ Ministry of Lands, Mines and Energy; 

■ Forestry Development; 

■ Hydrological Service of Liberia; and 

■ Ministry of Internal Affairs. 
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Regional and district government 

■ Superintendent of Grand Cape Mount County and her representatives. 

Community stakeholders (i.e. the public, including the Chiefs, their elders and 
representatives, youth group leaders, women’s group leaders and the general population in 
each village) were consulted at the following locations: 

■ Mecca, Cape Mount County; 

■ Kinjor and Larjor Villages; 

■ Jawajei Village; and 

■ Sinje Town. 

This consultation followed a structured process by means of project announcement via a 
Background Information Documents, letter and radio advert, followed by consultation with 
stakeholders.  

Consultation undertaken for the RAP development included majority of the stakeholders 
mentioned above with focus placed on additional town authorities, district authorities, 
Ministries and civil society bodies.  

5.2.4  Key issues identified 

Key issues raised by stakeholders during the EIS update were identified and supplemented 
by interviews. These were identified by means of: 

■ Desktop review of existing reports (feasibility studies, stakeholder related documents, 
social and/or stakeholder related plans); and 

■ Interviews with local consultants. 

The summary of these issues were categorised into 10 key issues which included social 
concerns, environmental impacts and institutional challenges. Main RAP grievances and 
concerns received to date are also discussed as part of this section. 

5.3  Implementation Plan 

The implementation plan takes into consideration the background and supporting information 
provided in the situational analysis in order to devise the appropriate SE activities to be 
implemented. The implementation plan is comprised of seven components, these include: 

■ Corporate Stakeholder Engagement; 

■ SE Implementation Plan for Mine Lifecycle; 

■ SE Implementation Plan for Issues Resolution; 

■ SE Implementation Plan for the ESIA update; 

■ SE Implementation Plan for Community Development Plan; 

■ SE Implementation Plan for the RAP; and 

■ Grievance Mechanism. 
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5.3.1 Internal Enablers 

Internal enablers provide the needed organisational mechanisms required for effective 
implementation of the SEP. These include Systems, Structure, Skills and Staff. Each of 
these enablers will be implemented according to an Objective, Key Performance Indicator 
(KPI), Timeframe and using a specific engagement medium. 

5.3.2 SE Plan for Mine Lifecycle 

The mine lifecycle is defined according to six distinctive phases, namely, Exploration, Pre/ 
and Feasibility, Construction, Commissioning, Operate and Closure. Under each of these 
phases, specific SE activities need to be implemented to ensure that the mine reaches the 
two main goals. Similar to the Internal Enablers, each SE activity will be guided by an 
Objective, and aligned with required Timeframes and communication Mediums. Although the 
Exploration, Pre-feasibility and Feasibility phases of the project are already complete, the SE 
activities for these are included for completeness.  

5.3.3  SE Plan for Issues Resolution 

Stakeholder issues identified will be addressed by means of implementing SE activities. 
These activities will be aimed to either resolve issues identified or to capitalise on the 
situation, turning it into opportunity for the organisation. Each SE activity will target specific 
stakeholders, using preferred engagement mediums. 

5.3.4  Grievance Mechanism 

Stakeholder issues need to be managed proactively and follow a structured approach where 
stakeholders can raise their concerns and receive the needed feedback in a timeous 
manner. A grievance mechanism is required according to the IFC Performance Standards 1, 
2 and 4. This grievance mechanism is addressed in the RAP, the CDP and the SEP.  This 
grievance procedure consists of five main steps. 

5.3.4.1 Step 1: Lodging a grievance 

A grievance is lodged through the prescribed method i.e., Community Liaison Officers or 
suggestion boxes where it will be evaluated to ensure that the potential risk of the grievance 
is quantified. This evaluation will be completed using a measuring impact severity and 
impact magnitude matrix. The grievance will be captured in a grievance issues database. 

5.3.4.2 Step 2: Acknowledgement 

Formal acceptance of receipt of the grievance will be provided to the aggrieved party and a 
copy thereof will also be made available to this party. A reference number will be assigned. 

5.3.4.3 Step 3: Investigation 

The applicable investigation will be undertaken and where possible, grievances will be 
resolved within 30 days of receipt. 

5.3.4.4 Step 4: Resolution and signoff 

With completion of the investigation, the details thereof will be explained to the stakeholder 
and a course of action will be proposed. Should this be accepted, then the grievance will be 
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closed formally and logged on the issues database. Should the proposed outcome not be 
acceptable, then the grievance will go into mediation.  

5.3.4.5 Step 5: Mediation  

Grievances that could not be resolved would need to be investigated by a grievance 
committee. An independent arbitrator needs to be appointed to address these grievances 
which could not be resolved. 

5.3.5 SE Plan for ESIA Update   

It is proposed that stakeholders be consulted as part of the ESIA Update process because of 
IFC considerations and as such, to conduct subsequent stakeholder meetings. The ESIA 
Update Report will also be made available to the relevant stakeholders for comment (if 
required). A short Background Information Document needs to be developed describing the 
updates in the ESIA and giving a brief overview of the EIS process that was completed.  

A presentation will be developed to convey the ESIA Update details for meetings with 
Ministries and where applicable, the Superintendent and District Commissioner. This 
presentation will be printed on a full colour A1 poster set (maximum 4 pages) for community 
meetings, which will include the traditional and town authorities. All comments raised during 
these stakeholder meetings will be captured in a Comment and Response Report (CRR). 

5.3.6  SE Plan for Community Development Plan 

The SE section in the CDP provides a clear indication of what SE activities needs to be 
undertaken and who the relevant stakeholders are. As part of the Implementation Plan 
further SE activities for each of the main CDP activities are discussed and structured into a 
formal plan. In total eight CDP activities are selected for the SE implementation plan and 
these are focussed to support implementation of community development projects. Details 
around the SE objectives, stakeholder to be targeted and communication mediums to be 
implemented are also provided.  

5.3.7  SE Plan for the RAP 

SE for the RAP is focussed on the RAP implementation. Sub tasks under the RAP 
Implementation have been assigned specific SE activities, affected stakeholders and needed 
engagement mediums to be utilised. In order to provide more context, notes under the SE 
activities have been included where applicable. 
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6  DESCRIPTION OF THE RECEIVING ENVIRONMENT 

6.1 Climate and meteorology 

A description of the regional and local climate and meteorological conditions are described 
below. This information has been extracted from the Air Quality Impact Assessment 
conducted by Digby Wells, 2013 attached in Appendix B. 

6.1.1 Regional climate and meteorological 

The climate of Liberia, especially along the coast, is warm and humid year-round, and 
dominated by a dry season from November to April and by a rainy season from May to 
October. The dusty and dry Harmattan (desert wind) blow from the Sahara to the coast in 
December, a respite from the high relative humidity. Average annual precipitation in the 
project area is 3 300mm with mean annual temperatures ranging between 18° C in the 
northern highlands to 27° C along the coast. The climate is characterised by the constant 
elevated temperatures and high seasonal rainfall. High humidity is common during the wet 
season and the prevailing winds are the NE and SW monsoons, as well as the Harmattan 
which is a dust laden wind from the Sahara Desert. Tornadoes sometimes occur during the 
wet season. 

6.1.2 Project site climate and meteorology 

Site specific MM5 modelled meteorological data set for full three calendar years 
(2010 - 2012) was obtained from the Lakes Environmental Consultants in Canada to 
determine local prevailing weather conditions.  

Modelled meteorological data for the period January 2010 to December 2012 was obtained 
for a point close to the proposed NLGM area (7.009925 N, 11.135944 W). Data availability 
was 100%. 

The weather station on site was commissioned in May 2011 with the one year representative 
archive data reported in the Golder EIS Report and depicts the climate picture of the New 
Liberty mining area. This is augmented with modelled data from Lakes Environmental (2010-
2012). With the latter, trends were observed by analysing the three years available 
climatology data. 

Three-year averaged monthly maximum, minimum and average temperature values for 
NLGM are given in Table 6-1. Annual average temperatures for NLGM are given as 26.3°C. 
The average daily maximum temperatures range from 25.6°C in August and September to 
28.2°C in April and May, with daily minima ranging from 24.8°C in July and August to 26.8°C 
in May. 

The temperature observed in the NGLM area was close to the actual temperatures that have 
been recorded on site. 
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Table 6-1: Averaged monthly minimum, maximum and average temperature values 
derived from the New Liberty modelled data (2010-2012) 

Temperature 

(deg °C) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann 

Monthly Max. 26.6 27.0 27.5 28.2 28.2 27.2 25.9 25.6 25.6 26.1 26.3 26.4 26.7 

Monthly Min. 25.8 26.1 26.2 26.5 26.8 25.9 24.8 24.8 25.3 25.7 26.0 26.0 25.8 

Monthly Ave 26.2 26.6 26.9 27.4 27.6 26.6 25.4 25.1 25.5 25.9 26.2 26.2 26.3 

 

The three year annual maximum, minimum and average monthly precipitation rates for the 
NLGM are 4 856 mm, 3 339 mm and 3 842 mm respectively, as shown in Table 6-2 
(obtained from modelled data). The highest monthly maximum precipitation (672 mm) was 
observed during July. The maximum rate decreases down to 114 mm in December. The 
monthly minimum precipitation ranges between 34 mm in December to 465 in July.  

 

Table 6-2: Average Monthly Precipitation derived from the New Liberty modelled data 
(2010-2012) 

Precipitation 

(mm) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann 

Monthly Max. 152 239 453 433 456 500 672 531 569 553 182 114 4856 
Monthly Min. 82 173 351 329 375 386 465 360 381 238 164 34 3339 
Monthly Ave 126 209 404 382 416 209 539 454 474 389 176 63 3842 

The NLGM area does not have a long term evaporation record, which resulted in the use of 
modelled data. Evaporation is higher with less rainfall in the months of December, January 
and February, with rainfall exceeding evaporation for the remaining months of the year as 
seen during the months of March through to November, as shown in Figure 6-1. 

 

Figure 6-1: Monthly Evaporation (green) and Rainfall (red) extracted from the New 
LocClim database for New Liberty mine area  
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For further detail regarding the site’s climate in terms of rainfall, evaporation, temperature, 
relative humidity, wind direction and evapotranspiration, please refer to the the Air Quality 
Impact Assessment conducted by Digby Wells, 2013 attached in Appendix B. 

6.2 Topography 

Three major physiographic regions occur in Liberia. They lie parallel to the coast, extending 
landward: coastal plains, rolling hills and the dissected plateau (Golder, 2012). 

The NLGM site is located within the “rolling hills” physiographic region, some 40 km from the 
coast, where the topography is gently undulating with occasional small hills. Elevation above 
sea level at the site ranges from 50 m in the south, gradually rising via rolling topography to 
80 m in the north. A series of perennial streams segments the rolling topography. Mid-slopes 
have moderately sloping gradient (8 to 15% slope). There are however some steeper mid-
slopes of reduced length (100 m long) having moderately steep slope gradients (15 to 30% 
slope) (Golder, 2012). 

During the specialist studies, no outcrops were noted at the Project site. 

North of the Project site are two (2) prominent east-west ridges, referred to as the Bea 
Mountain and Tokani Mountain, which have an average elevation of about 300 m above 
mean sea level (Golder, 2012). 

6.3 Soils 

A soil survey was carried out in October 2011 as part of the soil study for the original ESIA. 
Soil samples were taken of diagnostic horizons from twelve selected modal soil profiles. The 
modal profiles are considered representative of the range of soil conditions across the 
Project/study area. 

In general, the soils in the Project area showed limited variation and were characterised by a 
shallow layer of topsoil that is low in organic matter content, and deficient in magnesium and 
calcium.  

An earlier review of the EIS completed by Golder, 2012 suggested that no gaps were 
identified, however Digby Wells recommended that a reconnaissance soil assessment be 
conducted for the new areas where infrastructure will be located. 

Based on this reconnaissance soil assessment, the sections below detail the soil forms that 
were identified on site for the New Village Resettlement site, plant area, TSF, Marvoe Creek 
River diversion, the open pit and WRD. Refer to Appendix D for the reconnaissance soil 
assessment. For the reconnaissance soil assessment, the soil forms (types of soil) found in 
the study area was identified using the South African soil classification system namely; Soil 
Classification: A Taxonomic System for South Africa (Soil Classification working group, 
1991). 

6.3.1 The village resettlement site 

The site is located on a flat crest type land formation and as a result the dominant soil form 
is the Clovelly soil form (3.4 ha in size). This soil form is located in the centre of the re-
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settlement site boundary starching from the north to the south. This soil form consists of 
anorthic topsoil with a well-drained yellow brown apedal subsoil. These soils are good for 
agriculture as they drain freely and have few limitations. Clovely soils are one of the main 
agricultural soils used to crop large mono crops, such as maize. The remaining soils 
surrounding the Clovelly were that of the Dresden/Glenrosa form (remaining portion of the 
10.6 ha for the site).  

The Dresden soil form consists of an orthic topsoil with a hard plinthic subsoil. The plinthic 
layer is formed by periods of extended waterlogging, where the iron and manganese within 
the soil reduce and become soluble. When the soil profile drains in the dry season the iron 
and manganese oxidise and form localized nodules.  

This soil has a low agricultural potential, this soil form has large amounts of concretions 
limiting soil nutrient holding capacity, and shows signs of waterlogged conditions. 

The Glenrosa soil form is a relatively shallow soil where the limiting layer is the weathering 
parent material which still allows some root penetration but not much. Due to their shallow 
nature they have a low capability classification in terms of crop production. 

6.3.2 Processing plant 

The processing plant site has a footprint of about 14 ha. This site had already been cleared 
by heavy machinery from NLGM and one can only assume the soil forms present. The 
assumed soils for this site were a combination of the Dresden soil form and the Glenrosa soil 
form as shown in Figure 6-2. The profiles had concretions and rocks that consisted of more 
than 50 % of the soil profile. These soils have a low agricultural potential as they are 
relatively shallow and stony, which limits the rooting depth for plant. The forest has 
developed as a result of the amount of rainfall that is attributed to the area. The trees can 
utilise the soils affectively as the large root systems can penetrate through the stony profiles. 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

43 

 

Figure 6-2: Showing the Glenrossa type soil profile with more than 50% concretions 

6.3.3 The TSF location 

The TSF is situated in a valley bottom land type and the Rensburg soil form is found in the 
bottom of the drainage line. The Rensburg soil form is usually indicative of seasonal or 
permanent “wetland” conditions. The majority of the soil matrix in this form is clays resulting 
in the potential for these soils to retain water. Normally these soils are saturated with water 
and are not suited for agricultural (not considered as arable land) purposes. 

There are some isolated patches of the Avalon and Westleigh soils where the slope is not 
too steep, with the Dresden form dominating the remaining landscape. 

The Westleigh soil form consists of an orthic topsoil with a soft plinthic subsoil. Much like the 
Dresden these soils are developed by periods of waterlogging followed by a dry season, 
however, they are not as developed as the Dresden. The plinthic characteristic has not 
become hard yet and is represented by red, black and yellow mottling within the soil matrix. 

The Avalon soil form consists of an orthic A horizon, a yellow brown apedal B horizon, and a 
soft plinthic C horizon. The A and B horizon have good internal drainage properties, 
therefore water can move freely through them, however, the plinthic C shows signs of 
mottling and localization of iron and manganese concretions as a result of a fluctuating water 
table. Anaerobic conditions occur in this zone and iron and manganese reduce and then 
later when the water table drops oxidizes into localized concretions. 

6.3.4 River diversion 

The river diversion is dominated by the Rensburg (as described above) soil in the drainage 
line, the Avalon/Westleigh on the footslopes and the Dresden/Glenrosa in the midslope. 
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6.3.5 Pit and waste rock dump sites 

This site is dominated by the disturbed artisanal sections (Figure 6-3) which was classified 
as the Witbank soil form and the Dresden/Glenrosa soil form, with isolated patches of 
Clovelly/Avalon soil on the small flat footslopes.  

The Witbank soil form is a disturbed soil and is created through anthropogenic activities, 
such as artisanal mining that has occurred in this area. 

 

Figure 6-3 showing the disturbed artisanal mining area 

6.4 Present land use 

The land use of the NLGM is primarily subsistence agriculture (slash and burn) scattered 
through the landscape amongst the primary and secondary forests that are located in the 
area. The subsistence agriculture is associated with the villages that are found in the NLGM 
site. In addition to this, artisanal mining is present and most of the mining is located in the 
section where the open pit will be positioned. There is some artisanal mining located along 
the Marvoe Creek, and this has impacted upon the natural flow of the creek, as sections of 
the creek have been dammed up.  

Large areas of forest have already been cleared for the placement of infrastructure resulting 
in exposed surfaces and a potential risk for soil erosion to occur. 
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Additional land uses include the hunting for bush meat, the use of the forest for both timber 
and non-timber forest products including medicine, food and magic.  

Loggers have access to areas that were previously inaccessible; this access is provided 
along existing exploration paths and haul roads and has resulted in larger secondary 
impacts occurring. 

Refer to Plan 4 attached in Appendix A indicating the present land use of the site. 

6.5 Surface Water 

A surface water assessment was conducted as part of the original EIS compiled by Golder. 
The section below is a summary of the assessment carried out. For further detail please 
consult the original EIS. The major findings of the 2012 assessment were as follows: 

■ The NLGM is located in a rainfall positive area, where rainfall exceeds evaporation 
by approximately 2.5m per annum; 

■ Average annual rainfall for the NLGM is estimated to be 3 300mm; 

■ The results of the water quality analysis show that the water is of good quality (with 
elevated levels of faecal coliform). However, there are some concentrations, 
particularly aluminium and iron, which are exceeding the Liberian, WHO and South 
African drinking water limits; 

■ The values of annual precipitation for wet and dry years were estimated using 
assumed site average rainfall (3 300mm) and the average standard deviation of the 
Monrovian and Port Buchanan records, and 

■ Upon completion and submission of the 2012 EIS, compiled by Golder, 
improvements in the quality of water monitoring have been implemented by Aureus. 
Digby Wells was appointed to complete water quality analysis on various samples in 
and around the NLGM site. In addition to this, Digby Wells compiled an Integrated 
Water Management Report for the NLGM, to investigate the impact that the proposed 
changes to the NLGM mine plans may have on the water management of the project. 
The Integrated Water Management Study presents the findings of the assessments 
that were undertaken for the NLGM (as attached in Appendix E). Below is a summary 
of the major findings of the Integrated Water Management Study undertaken for the 
NLGM. 

6.5.1 Water quality standards and guidelines 

Another water quality concern is the pH and Fe levels of the sampled water.  Most pH levels 
and Fe concentrations exceed the recommended effluent and drinking water standard 
ranges which could result from Fe possibly leaching from the regional soil profile Table 6-3 
presents an overview of the water quality standards described by the World Health 
organisation (WHO), the IFC EHS Guidelines and the Liberian industrial, recreational, 
irrigation and fishery standards. The standards and guidelines described below were 
considered for this assessment. 

The EPA documents indicate the following: 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

46 

■ In the Environmental Protection and Management Law of Liberia (EPA 2003) the 
Liberian government states that the agency is in place to provide clear guidelines for 
water management and environmental monitoring with regards to water quality (Part 
IV, Section 35); and 

■ The above instruction has, however, not been completed, and upon research into the 
topic no clear water quality standards for drinking water or discharge guidelines have 
been established by the Liberian government post 1987, except a recommendation 
for the use of WHO standards until new guidelines are produced. 

This is confirmed by the National Integrated Water Resources Management Policy of Liberia 
(EPA 2007) that quotes the following regarding drinking water quality: 

■ “WHO drinking water standards (guidelines) should be used until one is produced 
according to section 35 of the Environmental Protection and Management Law of the 
Republic of Liberia. Due consideration shall be given to specific local conditions and 
water use habits which may dictate a local relaxation of these standards.” (EPA, 
2007). 

Based on the above research, it is recommended that all drinking water classification should 
adhere to the Liberian drinking water standard.  

The Liberian government last issued water quality guidelines in 1987 with three classes of 
water guidelines identified: 

■ Class 1 was for drinking water, which in the New Liberty Mine Water Management 
study, will be replaced by the WHO drinking water standards as discussed; 

■ Class 2 was issued for classification of water to be used for natural and cultivated 
fisheries, public bathing places and recreational water sports; and 

■ Class 3 was issued for classification of water to be used for industrial supplies and 
irrigation of agricultural land. 

■ The Liberian drinking water guideline (Class 1) has in recent legislation been 
replaced with the WHO standards.  However Class 2 and Class 3 can still be 
applicable based on a current lack of legislation for the impact on downstream users 
besides drinking water guidelines; 

■ No guidelines for effluent discharge exist in Liberian legislation and thus: 

� Effluent discharge water quality at the point of discharge into the environment 
should adhere to IFC guidelines. 

� If discharged waters do adhere to IFC standards then it should also be ensured 
that any downstream water users do not have their water use quality 
compromised.  This can be accomplished by releasing water from the Marvoe 
Creek dam if there is insufficient dilution in the system. 

Based on the location of the effluent discharge point relative to downstream users, and 
expected dilution in the regional streams, downstream water users should not be 
compromised by mine discharges; 
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■ The main parameter of concern is As.  This chemical constituent is present in 
naturally elevated concentrations in the project area water monitoring points (surface 
water and groundwater); and 

■ The natural As conditions ranges from below the lab detection limits (<0.002 mg/l) up 
to 0.18 mg/l which is above drinking water standards (WHO) in both surface and 
groundwater samples. 

Table 6-3 : Water Quality Guidelines  

Guidelines 

Drinking water Effluent discharge 
Liberian industrial, recreational, 
irrigation and fishery standards 

WHO Drinking water 
guidelines (Gorchev & 

Ozolins, 2008) 
IFC EHS Mining 

guidelines (IFC, 2007) 

Liberian 
standards (1987) 

Class 2 

Liberian 
standards (1987) 

Class 3 

Al  0.2   - - - 

As (soluble)  0.01   - - 

As (total)  0.01   0.1 ≤ 0.05 ≤ 0.2 

BOD  50    50   - - 

Cd  0.003   0.05 ≤ 0.001 ≤ 0.01 

Cl  250     ≤ 350.0 ≤ 450.0 

COD  250   150 - - 

EC (uS/m) - - - - 

Cr (hexavalent)  -    ≤ 0.1 ≤ 0.1 

Cr (total)  0.05    0.1   ≤ 0.5 ≤ 0.8 

Cu 2 0.3 ≤ 0.1 ≤ 0.2 

CN (free)  0.07   0.1 - - 

CN (total)  0.07   1 ≤ 0.02 ≤ 0.05 

CN WAD -  0.5   - - 

Faecal Coliform 0 - 0 ≤ 5 

Escherichia coli  0   - - - 

Total Coliforms  0   - ≤ 10 ≤ 50 

Fe  0.3   2 ≤ 1.5 ≤ 2.0 

F  1.5   - ≤ 1.5 ≤ 2.0 

Hg 0.006 0.002 ≤ 0.005 ≤ 0.01 

Ni 0.07  0.5   ≤ 1.0 ≤ 0.1 

Mn 0.4 - ≤ 0.3 ≤ 0.8 

PO4 - - ≤ 0.02 ≤ 0.05 

NO3  50   - ≤ 60.00 ≤ 80.0 

NO2  3   - ≤ 0.5 ≤ 1.0 

Oil and grease - 10 - - 

Pb  0.01   0.2 ≤ 0.1 ≤ 0.1 

pH 6.5-9.5  6-9  6.0-9.0 5.5-9.0 
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Guidelines 

Drinking water Effluent discharge 
Liberian industrial, recreational, 
irrigation and fishery standards 

WHO Drinking water 
guidelines (Gorchev & 

Ozolins, 2008) 
IFC EHS Mining 

guidelines (IFC, 2007) 

Liberian 
standards (1987) 

Class 2 

Liberian 
standards (1987) 

Class 3 

Phenols  200   0.5 ≤ 0.02 ≤ 0.05 

Se  0.01    0.1   - - 

Na  200   - - - 

SO4  250   - ≤ 200 ≤ 250 

TDS 1000   ≤ 1000.00 ≤ 1200 

Temp Increase -  < 3   - - 

Total Hardness - - ≤ 300 ≤ 600 

TSS -  50   ≤ 30.0 ≤ 50 

Turbidity (NTU) 5 - - - 

Zn - 0.5 - - 

Ag - - ≤ 0.01 ≤ 0.01 

V - - ≤ 1.0 ≤ 1.0 

B  0.5 - ≤ 1.0 ≤ 1.0 

Detergents - - ≤ 2.0 ≤ 3.0 

6.5.2 Background 

The current NLGM project has numerous individual water management plans for each mine 
reticulation and waste facility. The purpose of the Integrated Water Management study was 
to refine and integrate these management plans to comply with International best practice 
and quality guidelines. 

Based on sampling of surface water and groundwater, elevated levels of As (ranging 
between 0.002 and 0.038 mg/l) were observed in the natural surface and groundwater. 

The elevated levels of As observed in the natural surface and groundwater can be attributed 
to the geology of the region. The gold located within the ore body is located within the 
schists where magnetite has been replaced with pyrrhotite; however the gold is associated 
with arsenopyrite mineralisation with arsenic also present in the weathering products and 
regional water chemistry (Golder, 2012).  The presence of arsenopyrite mineralisation, with 
arsenic also present within the weathering products and regional water chemistry, could be 
the major factor in contributing to the naturally elevated arsenic levels in the surface and 
groundwater.  

In terms of management systems that are currently in place and planned for the NLGM, 
there will be a positive water balance for NLGM (as a result of the high rainfall in the area) 
and discharge of water from the NLGM will need to be undertaken.  

Based on the various studies conducted, the following issues were noted as the main issues 
that need to be addressed in terms of water management for the NLGM, namely: 
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It is expected that the tailings material to be produced from NLGM will contain soluble 
arsenic (As) in excess of 1 mg/l.  This is expected to exceed the Liberian drinking water 
standards (0.01 mg/l) and the IFC discharge standards (0.1 mg/l), Seepage or leachate from 
the TSF will be captured in either a key below the wall or in a 5 m French drain type system 
below the TSF wall and this will lead to a sump and a pump. 

There are other inputs into the As levels such as naturally high levels associated with the 
site geology, leachate from the waste rock dumps and the pit sides. Leachate from the WRD 
and Pit will go into a pollution control sump, monitored and recycled to either the TSF or 
disposed of by discharge. 

Discharged water will require quality monitoring to ensure that the guidelines for effluent 
discharge into surface water bodies are adhered to. 

The sections below provide a brief indication of the main factors identified above (refer to the 
Integrated Water Management Study, attached in Appendix E for further detail) and some of 
the mitigation measures that can be put into place to address water management. 

6.5.3 Management of TSF, WRD and Arsenic Dilution 

6.5.3.1 Water Quality 

A site assessment was conducted in March 2013, in order to have a clear indication and site 
specific investigation of the proposed new locations of the TSF and WRD regarding the 
impacts that could be anticipated from these facilities on water resources. During the site 
visit, sampling of groundwater and surface water upstream and downstream of the NLGM 
was undertaken to establish baseline conditions and was compared with existing monitoring 
data. 

This was undertaken to assess various possible hydro-geochemical impacts on the local and 
regional groundwater and surface water quality once mining commences. 

Based on the analysis that was undertaken, the main parameter of concern was the natural 
elevated As levels. 

For a full summary of the water quality assessment that was conducted please refer 
to the Integrated Water Management Study, attached in Appendix E. 

6.5.3.2 Water Balances 

An integrated site water balance was conducted for the Project. The following infrastructure 
formed part of the water balance developed for the NLGM, namely: 

■ Large holding dam for the ponding of the Marvoe Creek upstream from the mine 
(MCD); 

■ Marvoe Creek Diversion Channel; 

■ Open pit mine; 

■ Processing plant; 

■ WRD; 
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■ Tailing Storage Facility (TSF); 

■ Mine camp and offices; 

■ Sewage Treatment Plant (STP); 

■ Storm Water Dams (SWD) - to separately divert clean and dirty water; and 

■ Pollution control /sumps/dams. 

The above infrastructure with their associated water processes and requirements consume 
water volumes at different rates.  All these water requirements, and the flow of both clean 
and dirty water, were included in the integrated environmental site water balance. 

Average monthly runoff coefficients of 0.55 for the Wet Season (May-October), 0.14 for the 
Dry Season (December – March) and 0.27 for the transition between both seasons (April 
and November) were used in the modelling processes.  These figures were based on the 
Aquaterra report. 

Each individual mine entity and process was included in the water balance with individual 
balances also based on monthly climatic data, along with dry and wet season 
concentrations.  Water balance volumes and rates are given in m3/month unless indicated 
otherwise. The major findings associated with the development of the water balance are 
summarised below: 

■ The balance for the plant is zero as a result of no water storage there; 

■ Compaction of the top weathered zone (soils and saprock) will reduce seepage but 
will not stop it and thus for water balance and water quality management purposes a 
seepage percentage needs to be calculated. A numerical TSF seepage model and 
investigation to determine more accurate seepage rates is currently on-going.  As the 
final simulated seepage results are available the water balance will be updated; 

■ Based on aquifer tests done by RPS Aquaterra (Aquaterra 2012a), the top weathered 
saprock zone has an average hydraulic conductivity (K) of 5x10-6 m/d.  Additional 
work on the hydraulic conductivity of the weathered zone has been done in 2013 and 
these results (consistent with the 2012 results) are currently being implemented in a 
TSF seepage model.  Based on this, seepage from the TSF will approximately 
equate to a daily volume of 339 569 m3 or 28.8% of the supernatant pool.  Using a 
minimum average K-value from all tests, the seepage is 496 m3/d (0.04%) and on an 
maximum average K-value 108 662 m3/d (9%); 

■ A total mine make-up water supply demand of 145 825 m3/month should be planned 
during the dry months; 

■ Potable water use for 600 people on site will be 120 m3/d (3600 m3/month);  

■ Water volumes into the TSF from rainfall and runoff during the wet season will be 
approximately 873 937 m3/month (29 131 m3/d); and 

■ Based on the findings of the water balance, a positive water balance has been 
calculated for the NLGM, which can be attributed to the high rainfall in the area. 
Discharge during the dry season is not expected, however, discharge is expected 
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during the wet season. Discharge will be required during the wetter months of the 
year, and management during these discharge periods is important as As levels 
could increase above natural concentrations and above applicable standards if 
management measures are not applied.  

6.5.3.3 Effluent discharge and arsenic dilutions 

As the concentration of As and discharge volumes will require monitoring, various discharge 
options were evaluated with water quality guidelines taken into account to allow for long-term 
water management.   Naturally high levels of As occur in the stream (0.038 mg/l during the 
dry season).  

The discharge of As from the TSF will need to be monitored and controlled where needed. 
The model simulated and calculated the expected concentrations of effluent discharged into 
the surface water systems to assess the effect on downstream users.  

Based on the analytical model, if IFC effluent discharge standards at concentrations of 0.1 
mg/l are met, downstream concentrations should be at the natural levels of 0.02 mg/L.  

WHO drinking water standards indicate a maximum allowable arsenic limit of 0.01 mg/l with 
Liberian Class 2 guidelines of 0.05 and a Class 3 limit of 0.2 mg/l. 

For water management purposes, the ideal concentration in downstream locations close to 
water users should be that of the Liberian drinking water standard. As the background 
arsenic levels in the water already exceed WHO standards, As concentrations should at 
least be on a par with the current natural levels in the surface water streams of the area.   

Currently the average As concentrations in the NLGM area surface water is 0.02 mg/l, with a 
maximum during the dry season at 0.038 mg/l and a minimum during the wet season below 
the detection limit (<0.002 mg/l).  Thus downstream concentrations as simulated in the 
model should be at least on a par with, if not better than, these original levels during the wet 
and dry seasons respectively. 

For a full summary of the As analytical model, please refer to the Integrated Water 
Management Study, attached in Appendix E. 

6.5.4 Recommendations and Mitigation 

Several mitigation measures have been provided to mitigate against the risk of As 
concentrations higher than the natural levels being discharged into the environment. These 
include: 

■ Effluent discharge should be monitored at point EDMP1 (refer to the Integrated 
Water Management Study for the location of the effluent discharge monitoring point, 
as attached in Appendix E) and this is also the compliance point at which water 
qualities should adhere to the IFC effluent guidelines for mining. 

■ All drinking water on site should be monitored and adhered to 

� WHO Drinking water guidelines where possible; 

� Liberian Class 2 and 3 guidelines. 
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■ Ensuring that effluent from the processing plant to the TSF has soluble As 
concentrations lower than 2 mg/l; 

■ Based on the water balance and general dilution from water management on site, it 
is recommended that water flowing to the TSF between December and February (dry 
months) should not be discharged; 

■ In terms of effluent discharge the following recommendations are made: 

� Based on salt and water balance calculations, the lowest level that dilution will 
allow arsenic concentrations to reach is the local maximum of 0.038 mg/l during 
the dry season; 

■ The following management measures are recommended for the TSF and WRD, 
namely: 

� Treatment of tailings to get arsenic levels down to at least 2 mg/l, before entering 
the TSF from the plant, or resort to alternative methods to ensure the effluent 
discharge complies with recommended guidelines; 

� Installation of Monitoring boreholes downstream of WRD; 

� Five (5) metre deep key below the TSF wall 

� Monitoring of groundwater and surface water qualities in and around the project 
area; 

� Instillation of a 5 m deep French drain system below the TSF wall and this will 
lead to a sump and pump; 

� Clean storm water runoff will be diverted away from ponds or infrastructure; 

� Dirty storm water control through channels and runoff diversions towards 
sedimentation ponds allowing settling of solids before discharging back into the 
surface water receptors; 

� Controlled and monitored discharge from the holding dams; and 

For the full list of recommendations provided, including the monitoring programme that 
should be implemented for NLGM, please refer to the Integrated Water Management Study 
report compiled by Digby Wells, as attached in Appendix E. 

6.6 Groundwater 

Golder, along with Aquaterra, conducted assessments on the groundwater of the project 
area and the findings were presented in the original ESIA compiled by Golder in 2012. 

The major conclusions from the studies are summarised below: 

■ The NLGM site is situated in the Archaean Man Shield terrain. Lithologies underlying 
site consist of ultramafic schist that have been highly deformed and infolded into 
sequences of granitic gneisses. The land surface has been exposed to intense 
weathering, which has resulting in thick saprolite and residual soil;  



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

53 

■ The area is characterized by faulting and folding that are believed to play a great 
influence in groundwater characterisation of the area. The largest fault is the Kinjor 
Fault Splay, which is evident from the displacement of ore zone between the Kinjor 
and Marvoe zones. Mapping has helped to define the lateral extent of this structure - 
and it appears to be constrained.  

■ It is reported that groundwater occurs in the fractured saprock and fractured ore 
body. There are perched aquifers localised in the saprolite at a shallow depth; 

■ The saprolite layer is characterised by low permeability and can also act as a 
confining layer over the saprock. The lateral extent and thickness of saprock is not 
uniform across the site. For this reason the saprock is considered to constitute a 
localised, productive aquifer; 

■ The reviewed reports suggest that the highest permeability is found in the contact 
between the fresh rock and saprock. Permeability reduces downwards into the fresh 
bedrock. Groundwater flow is expected to occur in the fractured zones and through 
interconnected fissures in the bedrock; 

■ Hydraulic conductivity ranging between 5x10-7m/s and 7x10-6m/s were calculated by 
Aquaterra (2013) from permeability tests. A hydraulic conductivity of 1 x 10-6 m/s 
was reported for fractured aquifer in the ore zone and 5 x 10-6 m/s for the saprock;  

■ Falling head permeability tests were conducted in the TSF area boreholes in 2011 - 
2012. Hydraulic conductivity values ranging between 1.9 x 10-7 m/s and 5 x 10-8 m/s 
were calculated; 

■ The depth to the water table generally ranges between 0 and 16 mbgl. Groundwater 
levels fluctuate seasonally, generally rising during the wet season and falling during 
the dry season, although a certain lag time can be expected. Apart from boundary 
conditions such as no-flow boundaries and preferential flow zones that need 
verification, the water level data confirms that the groundwater flow, generally 
emulates the surface topography and the natural drainage lines where it reports as 
base flow; 

■ The only exception was the sample obtained from the mineral exploration borehole 
KGD 146, which has elevated arsenic and iron levels which exceeded both SANS 
and WHO standards. As previously stated and in contrast to the weathered zone 
aquifer(s), naturally poorer water quality can be expected within the mineralised 
zone, especially with increasing depth which also correlates with longer residence 
times. Apart from the sample from KGD 146, which falls in the very hard category 
(scaling problems) the rest of the samples can be classified as very soft and will tend 
to be corrosive in a distribution network. The observed water quality is indicative of 
both a low sodium and salinity hazard when considering the water for irrigation 
purposes; and 

■ The area is characterised by one dominant ground water type, where the major anion 
is bicarbonate (HCO3) and calcium the dominant cation, typical of recently recharged 
groundwater from rainwater. 
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For the full details of the groundwater assessment please refer to the original ESIA, Golder 
2012. 

Additional groundwater sampling has been undertaken by NLGM and the results are 
presented below. The laboratory results along with the various water quality guidelines are 
summarised in Table 6-4, Table 6-5 and Table 6-6. 

The dominant groundwater cations are Na, Ca and to a lesser extent Mg (Figure 6-4) with 
the anion distribution clearly being a HCO3 dominated system (Figure 6-5).  These ion 
distributions correlate with some of the distributions observed in the surface water and this is 
due to high recharge and interflow in the shallow weathered aquifers.  The above mentioned 
ion distribution shows a clear groundwater facies being Na-HCO3 as indicated in the Piper 
diagram (Figure 6-6). 

The groundwater of the region is of a good quality with the following water quality 
conclusions on the regional local groundwater chemistry: 

■ The average pH of the groundwater samples is 6.5 on the lower limit of the WHO 
drinking water guidelines.  The reason that most of the samples do not comply with 
the pH guideline values of WHO can be due to natural decay of vegetation in the 
forested area; 

■ The only other problem parameter is potassium that is above the recommended 
Liberian Class 3 guideline value for agricultural and industrial use; and 

■ The As concentration in the groundwater is within the relevant guidelines. 

The monitoring points are shown on Plan 7. 

Figure 6-4: NLGM Groundwater cation distribution 
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Figure 6-5: NLGM Groundwater cation distribution 

Figure 6-6: NLGM Groundwater piper 
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Table 6-4: Groundwater water quality assessment (1) 

Parameter EC pH 
HCO

3 
CO
3 Cl NO2 NO3 SO4 

Ortho PO4 as 
PO4 

NH3 as 
N 

Unit 
mS/
m - mg/l 

mg/
l mg/l mg/l mg/l mg/l mg/l mg/l 

WHO 
Guidelines   

6.5-
9.5      250    3    50    250   -   

Liberian 
Class 2   

6.0-
9.0     

≤ 
350.0 

≤ 
0.5 

≤ 
60.00 

≤ 
200 ≤ 0.02   

Liberian 
Class 3   

5.5-
9.0     

≤ 
450.0 

≤ 
1.0 ≤ 80.0 

≤ 
250 ≤ 0.05   

K-408 8.7 6.5 52. <12 3.9 
<0.0

3 <0.1 1.4 <0.06 0.27 

K-195 18. 6.9 157. <12 10. 1.2 5.3 0.76 0.36 0.72 

K-159 2.7 6.2 33. <12 1.6 
<0.0

3 <0.1 
<0.0

5 <0.06 0.37 

K-201 3.4 6.3 69. <12 1.2 0.14 0.6 1.3 <0.06 0.41 

HYD-04 2. 6.2 23. <12 1.1 0.11 0.5 0.41 <0.06 0.28 

K-202 18. 7.1 183. <12 1.7 1.4 6.3 1.3 <0.06 0.22 

HYD-02 2.9 5.9 26. <12 3. 
<0.0

3 <0.1 0.52 <0.06 0.83 

K-141 13. 6.8 128. <12 2.4 0.48 2.1 5.2 0.09 0.53 

CD-07 37. 7.1 226. <12 2.6 0.2 0.9 1.1 <0.06 0.32 

CD-08 3.9 6.3 16. <12 1.2 
<0.0

3 <0.1 0.9 0.12 0.39 

PCK2 5.6 6.2 49. <12 2.9 1.8 8.1 0.48 <0.06 0.16 

Table 6-5: Groundwater water quality assessment (2) 

Parameter Mn Cr Cu Ni Cd Pb As Hg TDS 

Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

WHO 
Guidelines 0.4  0.05   2 0.07  0.003    0.01    0.01   0.006 1000 

Liberian Class 
2 ≤ 0.3 ≤ 0.5 ≤ 0.1 ≤ 1.0 ≤ 0.001 ≤ 0.1 ≤ 0.05 ≤ 0.005 

≤ 
1000.00 

Liberian Class 
3 ≤ 0.8 ≤ 0.8 ≤ 0.2 ≤ 0.1 ≤ 0.01 ≤ 0.1 ≤ 0.2 ≤ 0.01 ≤ 1200 

K-408 
<0.00

2 0.003 0.013 
<0.00

1 
<0.000

1 
<0.000

5 0.0016 
<0.000

1 132. 

K-195 
<0.00

2 0.007 0.0022 
<0.00

1 
<0.000

1 0.0018 0.015 0.0004 168. 

K-159 0.061 
<0.00

2 0.029 0.005 0.0017 
<0.000

5 0.0029 
<0.000

1 40. 

K-201 
<0.00

2 
<0.00

2 0.0027 
<0.00

1 
<0.000

1 
<0.000

5 0.0021 
<0.000

1 48. 

HYD-04 
<0.00

2 
<0.00

2 
<0.000

9 
<0.00

1 
<0.000

1 
<0.000

5 
<0.000

5 
<0.000

1 24. 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

57 

Parameter Mn Cr Cu Ni Cd Pb As Hg TDS 

Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

WHO 
Guidelines 0.4  0.05   2 0.07  0.003    0.01    0.01   0.006 1000 

Liberian Class 
2 ≤ 0.3 ≤ 0.5 ≤ 0.1 ≤ 1.0 ≤ 0.001 ≤ 0.1 ≤ 0.05 ≤ 0.005 

≤ 
1000.00 

Liberian Class 
3 ≤ 0.8 ≤ 0.8 ≤ 0.2 ≤ 0.1 ≤ 0.01 ≤ 0.1 ≤ 0.2 ≤ 0.01 ≤ 1200 

K-202 
<0.00

2 0.009 0.0012 
<0.00

1 
<0.000

1 
<0.000

5 0.0055 
<0.000

1 220. 

HYD-02 
<0.00

2 
<0.00

2 0.0019 
<0.00

1 
<0.000

1 
<0.000

5 0.0006 
<0.000

1 22. 

K-141 
<0.00

2 0.005 0.0042 0.004 
<0.000

1 
<0.000

5 0.046 
<0.000

1 130. 

CD-07 
<0.00

2 0.012 0.0054 
<0.00

1 
<0.000

1 0.0016 0.0021 
<0.000

1 236. 

CD-08 0.002 
<0.00

2 0.0015 
<0.00

1 
<0.000

1 
<0.000

5 0.0007 
<0.000

1 88. 

PCK2 0.068 
<0.00

2 
<0.000

9 
<0.00

1 0.0002 
<0.000

5 0.0006 
<0.000

1 64. 

Table 6-6: Groundwater water quality assessment (3) 

Parameter O2 (aq) Al Fe Mg  Na K U Ca 

Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

WHO Guidelines  250    0.2    0.3   -  200   -     

Liberian Class 2 - - ≤ 1.5 ≤ 1.0 - ≤ 1.0     

Liberian Class 3 - - ≤ 2.0 ≤ 1.0 - ≤ 1.0     

K-408 5.8 0.09 0.11 3.2 9.9 3.4 <0.0005 7.1 

K-195 8. <0.02 <0.05 5.6 23 5.4 0.0007 19 

K-159 <5 <0.02 <0.05 1 2.7 0.7 <0.0005 2.3 

K-201 5.3 0.02 <0.05 1.9 2.2 1.3 <0.0005 3.3 

HYD-04 <5 <0.02 <0.05 0.88 1.4 0.5 <0.0005 1.9 

K-202 6.9 <0.02 0.07 9.6 9.9 3 <0.0005 31 

HYD-02 <5 <0.02 <0.05 0.5 2 1.2 <0.0005 1.1 

K-141 6.8 <0.02 <0.05 7.4 12 3.6 0.0006 15 

CD-07 6.9 <0.02 <0.05 6.8 18 4 0.0007 38 

CD-08 <5 0.36 0.25 0.28 2.3 2.1 <0.0005 1.4 

PCK2 NA <0.02 <0.05 2.2 5.2 1.1 0.0013 6.1 

*Values highlighted in light pink are above the recommended WHO drinking water limits 

**Values highlighted in brown are above the recommend ed limits in the Liberian Class 2 guidelines 

***Values highlighted in light purple are above the r ecommended limits in the Liberian Class 3 guidelines  
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6.7 Geochemistry 

As part of the NLGM ESIA, Golder was contracted to conduct a preliminary (Phase 1) 
geochemical characterisation of the Acid Rock Drainage (ARD) and Metal Leaching (ML) 
potential of the geological and mine waste materials that would be exposed, disturbed and/or 
deposited during the proposed mining operations. The findings are detailed below: 

■ Whole Rock Elemental Composition: 

� Elements that are enriched in the waste rock materials compared to crustal 
abundance indexes are Si followed by Al, Fe, Ca and Mg. Arsenic (As) 
enrichment in the waste rock (mainly Silicified Metamorphosed Ultrabasic Suite 
(SMUS) rock units) was found. Antinomy (Sb), As, Ni, Cr, and U were found to 
exceed the crustal abundance. Elements that have the potential to be leached 
under both acidic and neutral drainage conditions due to their amphoteric 
properties include: Major Elements: Ca, Mg, Fe, Si and Al; Trace Elements: As, 
Ni, Cd, Co, Hg, Cr, Mn, Mo and U (Golder, 2012). 

■ Acid Base Accounting (ABA): 

� The paste pH of the waste rock samples is indicative of initial drainage/run-off 
quality and is relatively alkaline (9.1-10) suggesting the presence of reactive 
alkaline minerals that will likely have an influence on the drainage quality from 
the Waste Rock Dump. Despite the alkaline paste pH, amphoteric metals such 
as (Al, Zn, Pb, Sn,Cr, Be, As.Sb, B, Si, Ge, V, Ni, Co Zn and Te) can have 
increased solubility and exist as dissolved ion species at high pH levels; 

� The sulphur speciation results indicated that the sulphide sulphur content ranges 
from 0.01% to 1.55%.The sulphide content in four rock SMUS samples (WR009, 
WR024,WR044 and WR045) range from 0.62 % to 1.15% and exhibit different 
behaviour to the rest of the waste rock samples. The samples were found to 
have an Au content of 0.05g/t, 0.16g/t, 0.19g/t and 0.13g/t based on assay 
results (Aureus, 2012). These samples will not report to the low grade ore 
stockpile but to the waste rock dump. Oxide waste rock materials have a low 
ARD potential and are expected to be non-acid generating. The carbonate and 
bulk Neutralising Potential (NP) was measured to range from 5.2 to 30 kg 
CaCO3eqv/t and 0.81 to 6.3 CaCO3 eqv/t respectively, indicating that the 
samples have available NP to buffer acid generation. The aluminosilicates and 
carbonates are expected to contribute to the surplus neutralisation potential of 
the waste rock samples. Mineralogy of the waste rock samples is required to 
identify the neutralising minerals. The rate of depletion of the neutralising 
minerals needs to be confirmed by kinetic tests to determine the potential onset 
of acidity.  The potential for acid generation is very low; and 

� According to MEND (2009) classification selected sulphide zone samples (56% 
of the SMUS samples) have sulphide sulphur greater than 0.22% and NP Ratio 
(NPR is the ratio of neutralising to acid generating potential),  less than 2 and are 
classified as Potentially Acid Generating (PAG) based on the NPR. 
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In the review of the EIS compiled by Golder, it was identified that additional work was 
required with regards to ABA and leachate studies. Below is a summary of the findings of the 
additional test work that has been undertaken. 

6.7.1 Overview 

The current investigation at NLGM was focused on metal leachate from tailings and waste 
material. ARD/AMD (risk is low of AMD formation for NLGM) and metal leaching are 
widespread phenomenon affecting the quality of water at many mines in the world. To 
operate a mine in an informed, environmentally responsible manner, the metal leaching 
potential of all the materials excavated, exposed or otherwise disturbed must be predicted. 
The overall goal is to prevent metal leaching through prediction and design, avoiding long-
term mitigation and risk wherever possible. 

Methods used to predict the metal leaching potential are classified as either static or kinetic. 
Factors affecting the selection of the sampling regime and analytical method include an 
existing knowledge of the geology, costs, and length of time available to conduct the test. 

A static test determines both the total acid generating and total acid neutralizing potential of 
a sample. These tests are not intended to predict the rate of acid generation, only the 
potential to produce acid. Static tests can be conducted quickly and are inexpensive 
compared to kinetic tests. Kinetic tests are intended to mimic the processes found at mining 
sites, usually at an accelerated rate. These tests require more time and are considerably 
more expensive than static tests. Data from the tests are used to classify wastes or materials 
according to their acid generating potential. 

The following geochemical tests have been conducted: 

6.7.2 Whole rock mineralogy and general geochemistry 

The NLGM waste rock will primarily consist of minerals within the hangingwall (HW) and 
footwall (FW) sequences dominated by migmatites and gneisses which should be 
unmineralised. There are areas with potential small amounts of sulphides from the contact 
zones with the ore containing zones.  The tonnages of waste materials from within the 
mineralised zone equate to only 0.2% to 0.4%, on current design indications, of the overall 
waste rock. The waste rocks can therefore be deemed to be non-acid generating based on 
this indication.   

From the Golder reports (Golder 2012), it is indicated that the main chemical compounds 
associated with the waste rock are SiO2, Al2O3, CaO, FeO, MgO, K2O and Na2O; with lesser 
amounts of Ti2O, V2O, Cr2O and Mn2O.  Pb is also present in small amounts from the minor 
traces of galena in the mineralised zone.   

The above mentioned chemical compounds are indicative of the geological setting and 
geochemical characteristic of the region being dominated by the gneiss, schistose and 
migmatite mineralogy.   
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The following minerals are the main minerals to be stored within the WRD and will dictate 
which reactions take place to produce contaminants and metal leachate, if any (taken from 
available core logs and Golder reports): 

■ Quartz – SiO2 

■ Talc – Mg3Si4O10(OH)2 

■ Tremolite – Ca2Mg5Si8O22(OH)2 

■ Actinolite – Ca2Fe2+
5Si8O22(OH)2 

■ Magnetite – Fe2+Fe3+
2O4 

■ Chamosite - (Fe,Mg)5Al(AlSi3O10)(OH)8 

■ Feldspar – (K,Na)AlSi3O8 

■ Phlogopite – KAlMg3Si3O10(OH)2 

■ Enstatite - MgSiO3 

■ Ferrosilite - FeSiO3 

■ And in smaller quantities (<0.4% of tonnage) 

■ Pyrite - Fe2S 

■ Arsenopyrite - AsFeS 

■ Pyrrhotite – FeS 

■ Chalcopyrite – CuFeS2 

■ Niccolite – NiAs 

■ Pentlandite – (Fe, Ni)9S8 

From these above mentioned minerals with their chemical formulas given, the main ions and 
metals to be expected in any leachate will be Mg, Ca, SiO2, Fe and to a lesser extent S.  
Trace elements of Se, Ti, V, Ni, Cu, Cr and Pb can occur from small inclusions in the 
minerals at normal crustal levels.  However as in most cases in this geological setting Al and 
As are enriched. Based on the existing Golder SPLP test data it is concluded that these two 
elements may leach at levels above the natural quality water levels at site and due to small 
tonnage percentages of the As bearing minerals in the waste rock, it should be monitored 
and addressed in any further leachate tests (test work on the WRD is being undertaken and 
indicates very little to no risk for AMD formation or the potential thereof). 

In the current system hydroxide is interacting mainly with Al3+. As the system equilibrates to 
new conditions and other reactions like the weathering of pyrite and arsenopyrite increase, 
however, OH- will start to bond with As and thus form other secondary minerals.  This 
process will be used in the ferric chloride process proposed for the treatment of effluent. 

6.7.3 Acid-base accounting (ABA) 

The ABA is the most widely used static test to predict acid-mine drainage potential. The ABA 
results for the tailings sample are summarised in the Integrated Water Management Report. 
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The test consisted of six measurements:  

■ The paste pH; 

■ Sulphur speciation; 

■ Acid Neutralizing Capacity (ANC). A measurement of the capacity (if any) of the ore 
to neutralize sulphuric acid. Units are in kg H2SO4 per tonne of ore; 

■ Net Acid Generation (NAG). A measurement of the actual net acid produced by the 
ore under oxidizing conditions. The ore is oxidized by the addition of Hydrogen 
Peroxide with heat. ANC figure would have reduced the acid produced hence the 
“Net”AG; 

■ Total Acid Production Potential (TAPP). A calculated figure based on the total 
sulphur assay. (Some laboratories use only the sulphide sulphur figure); and 

■ Net Acid Production Potential (NAPP). A worst case scenario of TAPP – ANC.  

Table 6-7: ABA results of the waste rock samples 

SAMPLE ID pH 

 

Total 

Sulphur 

(%) 

ANC 

(Kg/t H 2SO4) 

NAG 

(Kg/t H 2SO4) 

TAPP 

(Kg/t H 2SO4) 

NAPP 

(Kg/t H 2SO4) 

ARD TEST001 3.41 <0.02 8.5 -4.7 <0.61 <-7.89 

ARD TEST002 3.56 <0.02 6.6 -6.3 <0.61 <-5.99 

ARD TEST003 5.11 <0.02 11.7 -5.7 <0.61 <-11.1 

ARD TEST004 3.43 <0.02 3.4 -5.4 <0.61 <-2.79 

ARD TEST005 4.41 <0.02 16.9 -7.4 <0.61 <-16.3 

ARD TEST006 3.97 <0.02 9.1 -7.1 <0.61 <-8.49 

ARD TEST007 6.23 <0.02 10.6 -7.0 <0.61 <-9.99 

ARD TEST008 6.09 <0.02 14.2 -6.9 <0.61 <-13.6 

ARD TEST009 3.52 0.05 13.0 -5.3 1.53 -11.5 

ARD TEST010 4.69 <0.02 14.3 -4.5 <0.61 <-13.7 

6.7.4 Paste pH 

The paste pH is a type of ABA used to provide a preliminary estimation on the acid 
generation potential of a rock sample. Mine waste is placed in a plastic beaker and 10 mL of 
distilled water (pH 5.33) is added to make a paste. The paste is stirred with a wooden spoon 
to wet the powder. This way, a quick measure of the relative acid-generating (pH<4) or acid-
neutralizing (pH>7) potential of the waste material can be evaluated (Price et al. 1997).  

The paste pH of the sample was found to range between acidic (3.4) and neutral (6.2). This, 
however, doesn’t necessarily mean that the samples are acid generating since paste pH 
alone is not a conclusive methodology for ABA classification. 
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6.7.5  Sulphur species 

The objective of sulphur analysis is to identify and measure the concentration of different 
sulphur species present in the samples. Sulphide minerals are the primary sources of acidity 
and leaching of trace metals and their measurement is a critical requirement for acid 
drainage chemistry prediction. 

A set of rules, which has been derived based on several of the factors calculated in ABA, 
was reported by Soregaroli and Lawrence (1998). It has been shown that for sustainable 
long-term acid generation, at least 0.3% Sulphide –Sulphur is needed.  Values below this 
can yield acidity but this is likely to be only of short-term significance.   

None of the waste rock samples have a total sulphur content of more than 0.02%. And if the 
Sulphide-S is considered (the element that produces acid), the amount will definitely be less 
than 0.02%. 

6.7.6 Total acid production potential (TAPP) 

The total acid production potential (TAPP) is less than 1.5 kg/t H2SO4 in all of the samples. 
This is in accordance with the low sulphide % and indicates that the samples are unlikely to 
generate acid.  

The NAPP is negative, indicating that the waste rock’s acid neutralizing capacity is greater 
than its ability to generate acid (ANC>TAPP).  

6.7.7 Net acid-generating test (NAG) 

The net acid generating (NAG) test is conducted by reacting the sample with hydrogen 
peroxide to assess the components released by fast mineral dissolution and oxidation 
reactions, especially sulphide oxidation and carbonate dissolution. 

This set of criteria is based on the final pH obtained in the NAG test.  These subdivisions are 
slightly arbitrary and can serve as a rough guideline but not as stand-alone criteria in 
categorising the samples.  

Table 6-8: NAG Test Results 

Final pH in NAG Test Acid-generating Potential 

> 5.5 Non-acid-generating 

3.5 to 5.5 Low risk acid-generating 

<3.5 High risk acid-generating 

 

The NAG results (refer to Table 6-8) are negative, indicating the likelihood of acid 
generation. However, it must be noted that the NAG results are conservative. 

The purpose of the leaching tests is to obtain aqueous phase concentration(s) of 
constituent(s) which are released from mine wastes. It approximates the chemical 
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composition of runoff from the mine waste piles. The Toxicity Characteristic Leaching 
Procedure (TCLP) and the Synthetic Precipitation Leaching Procedure (SPLP) are 
commonly used to assess the leachability of hazardous materials. Concentrations of the 
dissolved metals are then compared with the water quality guidelines.  

Two sets of leachate tests were conducted in this study: Synthetic Precipitation Leaching 
Procedure (SPLP) and distilled water leachate test.  

The SPLP as used by the US EPA was conducted to determine the static leaching of metals 
by extracting the metals using weak acid to evaluate the soluble constituents that can leach 
under mildly acidic environmental conditions. This was used on all 10 samples from the 
waste rock. The use of weak acid is expected to simulate mild environmental conditions 
since the use of strong acid could overestimate the leachability by dissolving metals even 
with low solubility.  

The results of the distilled water extraction are shown in Table 6-9, while the comparison 
with the SPLP extraction is shown in Table 6-10.  

6.7.8 Geochemical characterisation of tailings material 

A preliminary summary of the available tailings material test results indicate: 

■ That there is a level of arsenic (3.7 mg/L and 7.7 mg/L) entering into solution in the 
samples analysed in leach tests; 

■ The As levels (3.7 mg/L and 7.7 mg/L) are above IFC discharge standards (0.1 
mg/L), with the implication that focus must be directed towards managing potential 
impacts that will arise from As contamination; 

■ These and previous As leach test results will be used as an input parameter in a 
numerical groundwater flow model to simulate possible control measures to manage 
impacts from the tailings material and to assist in selecting the best options for the 
design of both the tailings dam construction and closure scenarios; and 

■ The source of mercury, nickel, lead and cobalt in some of the samples needs to be 
understood. 

The tailings leach results are similar to previous tests which have been conducted in 2012. 

6.8 Kinetic tests 

For material where the potential for acid generation is uncertain or rates of reaction are 
required, kinetic test work is performed to attempt to define acid generation characteristics. 
The term kinetic is used to describe a group of test work procedures wherein the acid 
generation (and metal solubilisation and transport) characteristics of a sample are measured 
with respect to time.  

Kinetic tests are distinguished from static tests in that they attempt to mimic natural oxidation 
reactions of the field setting. The tests typically use a larger sample volume and require a 
much longer time for completion than for static tests. These tests provide information on the 
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rate of sulfide mineral oxidation and therefore acid production, as well as an indication of 
drainage water quality.  

The most popular kinetic test is the humidity cell test. The test simulates accelerated 
weathering of the sample. This is done by passing moist air followed by dry air through the 
sample chamber; moist air for three days, followed by dry air for three days and distilled 
water on the seventh day. This one-week cycle is typically run for 20 weeks. 

Since the Sulphide-Sulphur is less than the 0.3% benchmark required for acid generation, 
the waste rock is unlikely to be acid generating.  

6.9 Conclusion 

The NLGM waste material is non-acid generating with ARD potential being low due to the 
S% being less than 0.02%. 

The net acid production potential is negative, indicating that the waste rock’s acid 
neutralizing capacity is greater than its ability to generate acid confirming the low potential 
for acid rock drainage.  

Several different WRD samples have been analysed (during 2012 and 2013) and the most 
significant conclusion that can be made thus far (additional tests being conducted) is that the 
waste rock at the NLGM is not likely to produce ARD. 

It is recommended that WRD designs include water management methods to trap and or 
divert dirty water and seepage from the WRD. It is included in the design of the WRD, and 
the water balance; 

These values obtained from the results are recommended to be used in geochemical models 
and numerical flow and contamination models. 
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Table 6-9: Distilled water leachate test results of metals  

  Unit 
ARD 

TEST001 
ARD 

TEST002 
ARD 

TEST003 
ARD 

TEST004 
ARD 

TEST005 
ARD 

TEST006 
ARD 

TEST007 
ARD 

TEST008 
ARD 

TEST009 
ARD 

TEST010 

Ag (mg/l) <0.02 <0.02 <0.02 <0.02 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 

Al (mg/l) 4.2 8.2 3.2 8.0 1.2 4.4 5.8 4.2 3.6 4.4 

As (mg/l) <0.1 0.30 <0.1 0.30 <0.1 <0.1 <0.1 0.10 <0.1 0.20 

B (mg/l) 0.25 0.25 0.35 0.25 0.10 0.30 0.25 0.25 0.20 0.30 

Ba (mg/l) 0.25 0.30 0.20 0.15 <0.05 0.30 0.25 0.20 0.15 0.10 

Be (mg/l)                     

Bi (mg/l) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Ca (mg/l) 4.0 3.5 5.5 2.0 3.5 3.5 2.5 4.0 3.5 3.0 

Cd (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Co (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Cr (mg/l) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Cu (mg/l) 0.10 0.04 0.02 0.06 <0.02 0.06 0.12 0.02 0.04 0.02 

Fe (mg/l) 1.90 2.50 1.00 0.70 0.40 2.00 1.00 0.90 1.90 1.90 

Hg (mg/l) <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

K (mg/l) 19.0 17.0 26.0 69.0 57.0 32.0 27.0 42.0 37.0 41.0 

Li (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.10 <0.05 

Mg (mg/l) 1.40 1.60 2.40 1.20 1.20 1.20 0.80 1.80 1.80 2.00 

Mn (mg/l) <0.05 0.05 1.55 0.10 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 

Mo (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 

Na (mg/l) 84 73 96 50 65 59 77 63 62 68 

Ni (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

P (mg/l) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Pb (mg/l) 0.10 <0.05 0.05 0.10 0.05 0.10 <0.05 <0.05 <0.05 <0.05 

Sb (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Se (mg/l) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
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  Unit 
ARD 

TEST001 
ARD 

TEST002 
ARD 

TEST003 
ARD 

TEST004 
ARD 

TEST005 
ARD 

TEST006 
ARD 

TEST007 
ARD 

TEST008 
ARD 

TEST009 
ARD 

TEST010 

Sn (mg/l) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Sr (mg/l) 0.02 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 0.02 <0.02 <0.02 

Ti (mg/l) 0.20 0.20 <0.1 <0.1 <0.1 0.10 <0.1 <0.1 0.20 0.20 

V (mg/l) 0.08 0.06 0.08 <0.02 0.10 0.04 0.06 0.02 0.06 0.06 

Y (mg/l) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Zn (mg/l) 0.02 0.04 0.04 0.02 <0.02 0.06 0.02 <0.02 0.04 <0.02 

Zr (mg/l) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Table 6-10: SPLP leachate test results of metals  

  
 Parameter  

Samples 
ARD 
TEST001 

ARD 
TEST002 

ARD 
TEST003 

ARD 
TEST004 

ARD 
TEST005 

ARD 
TEST006 

ARD 
TEST007 

ARD 
TEST008 

ARD 
TEST009 

ARD 
TEST010 

Al 4.2 3.5 2.3 3.8 5.4 1.3 1 1.1 1.6 11.8 

As 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Ba 0.25 1.9 2.5 4.1 4 0.3 0.4 0.7 0.4 0.6 

Boron 0.25 1.7 2.1 3.7 3.9 0.1 0.1 0.2 0.1 0.1 

Ca 4 2 3 3 4 3 3 5 1 5 

Cd 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Cr 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Cu 1.9 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Fe 0.002 1.2 0.9 0.2 3.8 0.1 0.1 0.1 0.2 5.5 

Hg 0.05 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Mn 84 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Mo 0.05 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Na 0.1 16 19 20 26 8 12 10 9 14 

Ni 0.05 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Pb 0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

pH 9.7 9.7 9.9 10 9.9 9.8 9.9 9.8 9.8 9.7 
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 Parameter  

Samples 
ARD 
TEST001 

ARD 
TEST002 

ARD 
TEST003 

ARD 
TEST004 

ARD 
TEST005 

ARD 
TEST006 

ARD 
TEST007 

ARD 
TEST008 

ARD 
TEST009 

ARD 
TEST010 

Sb 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Se 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Zn 0.7 0.3 0.2 0.6 0.4 0.1 0.1 0.1 0.1 0.1 
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6.10 Air quality 

As part of the original ESIA, Air quality monitoring took place at 10 locations around the 
project site. Below is a summary of the monitoring exercise (See Plan 3 in the Air Quality 
Impact Assessment attached in Appendix B). 

The baseline air quality in the area is good, based on the six month monitoring which was 
undertaken as part of the EIA. Annual and 24 hour NO2 concentrations are less than 5% of 
the relevant WHO standards as is 24 hour SO2. 10/15 minute SO2 is slightly higher but still 
only 6.3% of the relevant WHO standard. The O3 background concentration is higher, but 
this is still only 53.9% of the WHO standard. Baseline monitoring also indicates that 
deposited dust is much lower than the recommended levels in both the South African and 
International guidelines. The baseline monitoring identifies that background air quality is 
good and concentrations are well below the relevant standards (Golder, 2012).  

The following, however, was highlighted during a review of the ESIA: 

■ Limited air quality data collection was done and no predictive modelling was 
undertaken.  As the two closest villages are going to be moved, a re-evaluation of 
impacts, based on improved baseline data, should focus on the new village location 
and villages further away to confirm no community health and safety impacts are 
likely. 

Based on the above, Digby Wells were commissioned to complete a comprehensive air 
quality assessment which includes dispersion modelling, to quantify the impacts of the 
mining operation on the air quality, specifically that of the relocation village. The results of 
this study are discussed in the subsequent sections. Refer to Appendix A for a copy of the 
Air Quality Impact Assessment. 

6.10.1 IFC and Word Bank Guidelines 

As of April 30, 2007, new versions of the International Finance Corporation (IFC) 
Environmental, Health, and Safety Guidelines (known as the 'EHS Guidelines') are now in 
use. IFC is a member of the World Bank Group. These guidelines replace those documents 
previously published in Part III of the Pollution Prevention and Abatement Handbook and on 
the IFC website. 

The IFC EHS Guidelines are technical reference documents with general and industry-
specific examples of Good International Industry Practice (GIIP). The EHS Guidelines 
contain the performance levels and measures that are generally considered to be achievable 
in new facilities by existing technology at reasonable costs. Application of the EHS 
Guidelines to existing facilities may involve the establishment of site-specific targets, with an 
appropriate timetable for achieving them. The applicability of the EHS Guidelines should be 
tailored to the hazards and risks established for each project on the basis of the results of an 
environmental assessment in which site-specific variables, such as host country context, 
assimilative capacity of the environment, and other project factors, are taken into account 
(IFC, 2007). 
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When host country regulations differ from the levels and measures presented in the EHS 
Guidelines, projects are expected to achieve whichever is more stringent. If less stringent 
levels or measures are appropriate in view of specific project circumstances, a full and 
detailed justification for any proposed alternatives is needed as part of the site-specific 
environmental assessment. This justification should demonstrate that the choice for any 
alternate performance levels is protective of human health and the environment. 

The World Bank has developed a set of guidelines and standards (Table 6-11) for specific 
process (including mining and milling Processes) and for individual pollutants (such as 
particulates, sulphur dioxide and oxides of nitrogen). 

Table 6-11: World Health Organization Ambient Air Quality Guidelines (as used by 
IFC) 

WHO Ambient Air Quality Guidelines 23 

Pollutant Averaging Period Guideline value in µg/m 3 

Sulfur dioxide (SO2) 24-hour 125 (Interim target-1) 

50 (Interim target-2) 

20 (guideline) 

Sulfur dioxide (SO2) 10 minute 500 (guideline) 

Nitrogen dioxide (NO2) 1-year 40 (guideline) 

Nitrogen dioxide (NO2) 1-hour 200 (guideline) 

Particulate Matter PM10 1-year 70 (Interim target-1) 

50 (Interim target-2) 

30 (Interim target-3) 

20 (guideline) 

Particulate Matter PM10 24-hour 150 (Interim target-1) 

100 (Interim target-2) 

75 (Interim target-3) 

50 (guideline) 

Particulate Matter PM2.5 1-year 35 (Interim target-1) 

25 (Interim target-2) 

15 (Interim target-3) 

10 (guideline) 

Particulate Matter PM2.5 24-hour 75 (Interim target-1) 

50 (Interim target-2) 

37.5 (Interim target-3) 

                                                

2 7 World Health Organization (WHO). Air Quality Guidelines Global Update, 2005. PM 24-hour value is the 99th percentile. 

3 Interim targets are provided in recognition of the need for a staged approach to achieving the recommended guidelines. 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025 

 

70 

 

WHO Ambient Air Quality Guidelines 23 

Pollutant Averaging Period Guideline value in µg/m 3 

25 (guideline) 

Ozone 8-hour daily maximum 160 (Interim target-1) 

100 (guideline) 

6.10.2 Baseline Monitoring 

Atmospheric pollutant emission from the proposed NLGM Area will impact on surrounding 
sensitive receptors, which include: 

■ Residential receptors; 

■ Primary and Secondary Forest with endangered flora and fauna;  

■ Agricultural activities and farms in the area. 

The location of the closest village will be approximately 4 km from the main operations and 
plant, and the surrounding vegetation cover consists of tall trees that have canopies that 
reach up to 40 m. The main pollutants of concern will be particulate matter and deposited 
dust fallout, associated with mine operations and vehicular movement on unpaved, dry and 
dusty roads, as well as, combustion of fuel for power generation that will result in emission of 
NOX SO2, CO, CO2, VOCs, particulates and soot. 

6.10.2.1 Dust fallout baseline 

Baseline monitoring of dust fallout was conducted in the NLGM Area for a period of six 
months (October 2010 – April 2011) and the results have been extracted from a report 
compiled by Golder for in-depth evaluation. Dust deposition data is crucial as it shows 
monthly, seasonal, and inter-annual variability in dust fallout rates – pre and during 
operational scenarios. 

The amount of dust collected at any given time is a function of the rate of deposition, which 
may vary widely, depending on meteorological factors such as wind speed, direction, rainfall 
and variations in the background dust concentrations. 

The procedure employed for this survey was Standard Method VDI 2119 – ‘Measurement of 
Dust fall, Determination of Dust fall using Bergerhoff Instrument (Standard Method) German 
Institute’. Gauges were installed in consideration of requirements relating to location of the 
gauges relative to trees and other obstructions, height above ground and sample collection 
and analysis procedures. 

The Bergerhoff process is a method for gauging deposition rates: It measures which 
materials and which quantities are emitted into the environment per square unit of area in a 
given time period. 

The gauge consists of a gauge bottle supported on a stand of approximately 1.5 metres high 
and exposed over a 30-day period to collect bulk dust deposition. During this period, any 
airborne particles are captured in the dust gauge along with any rainwater during the period. 
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After 30 days the container with dust and rainwater is brought back to the lab for solids 
measurement using gravimetric and evaporation techniques. There is a common recognised 
standard of 350 mg/m 2/day . The standard of 350 mg/m 2/day  does not discriminate between 
residential and industrial environment. 

The monitoring programme was conducted during the dry season, which is impacted by 
dust-laden Harmattan wind from the Sahara. For the dust monitoring programme, it was 
observed that the exposure was not consistent for the six months period as buckets were 
exposed for 18 days, 38 days, 24 days and 30 days respectively. This approach did not 
comply with the Bergerhoff method that was adopted in evaluating the dust deposition rates. 
As such, the result should be viewed with caution. The results for the ten monitoring 
locations as reported in the Golder Associates (2012) are displayed below (Figure 6-7). 

 

Figure 6-7: Dust deposition rates observed in the vicinity of the proposed NLGM 
project area 

Since the Bergerhoff dust deposition method was used, the values obtained at the different 
sites are within the standard of 350 mg/m2/day. The maximum value of 90 mg/m2/day was 
obtained at site 5 which is approximately 5 m in between two dirt roads. The deposition rate 
at site 5 was higher than those recorded at the other sites, probably due to the vicinity of 
intersection of two roads. 

6.10.2.2 PM10, PM2.5 and gaseous pollutants baseline measurements 

6.10.2.2.1 PM10 concentrations 

The New Liberty Gold mine is going to be an open pit operation employing heavy equipment 
(i.e. front end loaders, bulldozers), with ore loaded onto haul trucks to be transported to 
ROM pad or directly deposit into the bin. The subsequent crushing and process will have an 
effect on ambient air pollution with the release of fine airborne particulates, both within and 
out the mine premises. It is planned to have wet suppression on crushing equipment that will 
reduce the release of particulate matter by approximately 75%. Dust monitoring will be done 
on site and compared against the WHO guidelines which the IFC subscribes to (Table 6-11). 
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However, in the Air Quality Impact Assessment stage, default values will be used in the 
absence of real-time measurement i.e. AP-42 default values emission rates to establish 
likely PM10 background levels. 

6.10.2.2.2 PM2.5 concentrations 

The same principle as it relates to PM10 applies to the monitoring of PM2.5 in the New Liberty 
mining area. The IFC-EHS Guidelines on Environmental Air Emission And Ambient Air 
Quality states that – “… impacts should be estimated through qualitative or quantitative 
assessments by the use of baseline air quality assessments and atmospheric dispersion 
models to assess potential ground level concentrations”. 

The Air Quality Impact Assessment stage will thus address some gaps in the baseline report 
and will make use of default values in the absence of real-time measurement i.e. AP-42 
default values emission rates to establish likely PM2.5 background scenario in the proposed 
New Liberty Gold mining area. 

6.10.2.3 Gaseous pollutants 

For the gaseous pollutants, Radiello Passive/diffusive samplers were used to determine the 
levels of SO2, Ozone, NOX, NO2, Benzene, Toluene, Ethylbenzene, m-Xylene, p-Xylene, and 
o–Xylene in the NLGM Area. The Golder Baseline Air Quality Monitoring Report did not 
specify the exposure periods for different pollutants, although the methodology exists and 
should have been implemented. Therefore, the following section and analysis of the results 
should be viewed with caution.  

SO2 results from the exposed Radiello samplers observed at the different monitoring 
locations are presented graphically (Figure 6-8). Data measured gives an indication of the air 
quality scenario in the area. If we compare the Passive/diffusive measurements directly with 
the 24-Hour (20 µg/m3) and 10-Minutes (500 µg/m3) WHO guidelines, the levels of SO2 at 
the various sites are within recommended World Health Organization Ambient Air Quality 
Guidelines (used by IFC), with no record of exceedance. 
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Figure 6-8: SO 2 levels observed with the Radiello Passive/diffusive samplers at the 
New Liberty Gold Mine Area. 

The levels of Ozone (O3) from the exposed Radiello samplers observed at the different 
monitoring locations are presented graphically (Figure 6-9). If the assumption is that data 
was collected over an 8-Hour averaging period, and direct comparison is made with 
guideline values, only location 9 would be in exceedance. For majority of the site, the levels 
were below 60 µg/m3. 

 

Figure 6-9: O 3 levels observed with the Radiello Passive/diffusive samplers at the New 
Liberty Gold Mine Area. 

The levels of Nitrogen Oxides (NOx) from the exposed Radiello samplers observed at the 
different monitoring locations are presented graphically (Figure 6-10). NO is rapidly 
converted in the atmosphere into NO2. As a conservative measure, all NOx was taken to be 
NO2. For majority of the sites, the levels were below 18 µg/m3. 
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Figure 6-10: NOx levels observed with the Radiello Passive/diffusive samplers at the 
New Liberty Gold Mine Area. 

NO2 results from the exposed Radiello samplers observed at the different monitoring 
locations are presented graphically (Figure 6-11). If the assumption is that data from the 
Passive/diffusive was collected over a 1-year and 1-hour averaging period and compare 
directly with the 1-Year (40 µg/m3) and 1-Hour (200 µg/m3) WHO guidelines the levels of 
NO2 at the various sites are within recommended World Health Organization Ambient Air 
Quality Guidelines (used by IFC). 

 

Figure 6-11: NO 2 levels observed with the Radiello Passive/diffusive samplers at the 
New Liberty Gold Mine Area. 

In literature, no specific guideline value has been developed for Benzene in air. Since 
Benzene is carcinogenic to humans, no safe level of exposure can be recommended. For 
general guidance, the concentrations of airborne benzene associated with an excess lifetime 

risk of leukaemia of 10
−4

, 10
−5 

and 10
−6 

are 17, 1.7 and 0.17 µg/m
3
, respectively (WHO 

2010). The levels observed in the New Liberty Gold Mine area are presented (Figure 6-12). 
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Figure 6-12: Benzene (C 6H6) levels observed with the Radiello Passive/diffusive 
samplers at the New Liberty Gold Mine Area. 

Table 6-12 gives an overview of baseline conditions for different criteria pollutants and 
fraction of IFC (WHO) guidelines that will be used for comparison and compliance. These 
values will be deployed as background concentrations for dispersion modelling purposes. 

Table 6-12: Background concentrations reported in Golder Associates report (2012) 

Location  Background (µg/m 3) AQG % of the AQG  
NO2 Annual 1.5 40 3.75 
NO2 24 hour 1.8 200 0.9 
SO2 24 hour 2.8 20 14 

SO2 10/15 minute 6.3 500 1.26 
O3 8 hour daily max 53.9 100 53.9 

6.10.3 Identified Sensitive receptors 

A domain of 20x20 km was defined, with a reference mid-point within the NLGM future 
mining area. This domain, defined as the zone of potential impact due to air pollution 
emanating from the NLGM mine stretches 10 kilometres from the reference point to the 
North, South, East and Western boundaries. This zone of impact encompasses Jawajei in 
the northeast, Kinjor resettlement village and mine camp to the east and Ganganma, Zolu 
and Dieyili further east, Weagea to the south, Jikando and Jikando Bridge to the southwest, 
and Malina further southwest, Buluma to the west, as well as Ngoloja and Bangoma to the 
northwest. 

6.10.4 Modelling 

6.10.4.1 Predicted PM 10 concentrations 

Predicted PM (modelled as PM10) concentrations were low at the off-site locations. The 
exceedances of the 24–hour mean guideline value of 50 µg/m³ were localised to the area 
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between the power generating plant and open pit where the RoM pad will be located (north 
of the generator stacks). Exceedances (IFC guidelines do not stipulate the number of 
exceedances over a given averaging period, thus first exceedance is considered as a 
potential breach of the guidelines) of annual average values were observed for WHO AQG 
of 20 µg/m³ and were predicted for the area encompassed by the open pit, waste rock 
dumps and topsoil stockpiles, and south of power generation plant. 

6.10.4.2 Predicted PM 2.5 concentrations 

Predicted PM (modelled as PM2.5) concentrations were low at the off-site locations. The 
exceedances of the 24–hour mean guideline value of 20 µg/m³ were localised to the open pit 
area where the RoM pad will be located. Exceedances of annual average values were 
observed for WHO AQG of 10 µg/m³ and were predicted for the area encompassed by the 
open pit, waste rock dumps and topsoil stockpiles. 

6.10.4.3 Predicted NO 2 concentrations 

Predicted NO2 concentrations (all NOx assumed to be NO2) were elevated at the on-site 
locations (plant area). Exceedances of the hourly WHO AQG values of 200 µg/m³ were 
predicted only over the plant area - power generating plant). The dispersion model was 
populated with emission rates that were supplied by the client for average operational 
demand of 5.5 MW. 

Taking into account the results of the air dispersion modelling that indicate elevated values 
of NOx from power generation at installed capacity, it is advised that the mitigation measures 
be considered and applied. 

6.10.4.4 Predicted SO 2 concentrations 

Predicted SO2 concentrations were very low at on- and off-site locations for the worst case 
scenario. No exceedances of the WHO AQG for 10-minute and daily guidelines for SO2 
exposures were predicted to occur for this scenario. Since the emission rates are directly 
proportionate to the sulphur content in the fuel, it should beneficial to use diesel fuel with low 
sulphur content. 

6.10.4.5 Predicted CO concentrations 

Predicted CO concentrations were low at on and off-site locations. No exceedances of the 
hourly South African Air Quality Standard value of 30,000 µg/m³ for CO were predicted for 
any of the scenarios included in the investigation. All the simulations were completed for the 
worst case scenario, assuming that all the MTU engine generators are working and burning 
the same amount of fuel as reported. No mitigation measures were assumed for the 
generators stacks. These predicted concentrations and deposition rates are result of the ‘so-
called’ worst case scenario. Any mitigation measure that will be applied will reduce the 
impact of power generating plant to the surrounding area. 
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6.10.4.6 NH3 Concentrations 

The concentrations observed for ammonia were very low – with 1st highest annual average 
reported. Although the concentrations are low, we reported them as ammonia has the 
potential to impact on the environment even at lower concentrations. 

6.10.4.7 Predicted Hg, Ni, Se and Mn concentrations 

The concentration observed for these metals were very low – with 4th highest hourly reported 
for Hg, Ni, Pb and Mn except for Se which is reported as the annual average. Although the 
concentrations are low, we reported them as some of these metals have the potential to 
impact on the environment even at lower concentrations. 

6.10.4.8 Dust deposition 

Dust fallout monitoring conducted at the NLGM area (Golder Associates 2012) confirm that 
values obtained at the different sites are within the standard Bergerhoff standard of 
350 mg/m2/day. The maximum value of 90 mg/m2/day was obtained at site 5 which is 
approximately 5 m in between two dirt roads. Generally, background dust deposition rates 
are within regulatory limits. 

For the detailed plot conducted for the modelling please refer to the Air Quality impact 
Assessment in Appendix A. 

6.11 Greenhouse Gas Baseline 

6.11.1 Introduction 

Aureus EIS, was approved during October 2012 and is valid for 3 years. Aureus requires 
that this baseline assessment on greenhouse gas emissions be conducted and be in line 
with the International IFC performance standards, as well as with the EP. For these reasons 
this greenhouse gas baseline emissions assessment was carried out. 

The report estimates the Scope 1 emissions for the construction phase of the project as well 
as giving an indication of operational phase emissions (after construction is completed). The 
report calculates the total construction phase emissions to be 2 131 012 kg CO2-e per 
annum and 82 724 720 kg CO2-e per annum for the operational phase.  

For the detailed plot conducted for the modelling please refer to the Air Quality impact 
Assessment in Appendix C. 

6.11.2 Methodology 

The estimated GHG footprint development for New Liberty has been calculated using the 
guide issued by the World Resources Institute (WRI) and World Business Council for 
Sustainable Development (WBCSD) “GHG Protocol: Corporate Accounting and Reporting 
Standard” (2004).  

Even though the standard is intended to provide guidance on accounting and reporting GHG 
emissions at the organisational level, the standard can be applied to individual projects. 
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6.11.3 Estimated Greenhouse Gas emissions footprint 

The estimated gross Scope 1 emissions for the construction phase of the proposed project is 
approximately 2 131 012 kg CO2-e per annum and 82 724 720 kg CO2-e per annum once 
operational.   

A breakdown of emissions according to their sources is presented in Table 6-13  

The Scope 1 GHG emission estimates provide some guidance on the expected total GHG 
footprint that the proposed project will generate on an annual basis. 

Table 6-13: Estimated GHG Emissions for New Liberty 

Project Phase kg CO2-e/month kg CO2-e/annum Contribution/annum  

Construction phase 

Diesel Generators 177 584 2 131 012 2.51% 

Operational Phase 

Diesel Generators 4 858 121 58 297 450 68.70% 
Sewage Treatment 
Plant 1 237 14 844 0.02% 

Vehicle Fleet 2 031 435 24 377 226 28.73% 

Food Waste 2 933 35 200 0.04% 

  
  

  

Subtotal (Construction) 177 584 2 131 012 2.51% 

Subtotal (Operational) 6 893 727 82 724 720 97.49% 

Total    100% 

6.11.3.1 Summary 

As expected with energy intensive operations that generate electricity via diesel generators, 
the generators are by far the most significant source of GHG emissions. The generators 
account for approximately 68% of the estimated total operational phase GHG emission. Due 
to their contribution it will be the first consideration when evaluating methods to reduce the 
New Liberty Project’s emissions.  

The second major contributor is the vehicle fleet. The fleet emissions comprise an estimated 
28% of the total emissions of the New Liberty Project and will provide further options for 
reduction.   

The estimations made in this report have excluded some emission sources due to the lack of 
information at this stage of the project but these are not a substantial part of the total GHG 
emissions. Although the calculations here are at a high degree of confidence, it is likely that 
the actual total emissions will differ once accurate, measured data is available during the 
project phase. This will enable more accurate estimates of emissions to be made but this 
should not materially alter the conclusions reached in this report. 
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6.11.4 Emissions reduction options 

6.11.4.1 Diesel generators 

Should New Liberty be in the position to obtain electricity from a national or local grid, it is 
likely to reduce their emissions even further as grid electricity will generally have lower GHG 
emissions.  

Should hydroelectric power be feasible, as per the current investigations, emissions will 
reduce significantly. In addition, the Liberian government is planning a 10 MW Heavy Fuel 
Oil (HFO) power station for Monrovia. TOTAL Liberia has expressed interest to import HFO 
to supply the power station as well as local businesses. It is recommended that New Liberty 
consider a switch to HFO as soon as it is reliably available as it has a higher calorific value 
and lower CO2-e emission per ton of fuel (RightShip, 2013).  

6.11.4.2 Vehicle fleet 

The emissions from the vehicle fleet can be reduced by putting the following practices into 
place: 

■ Enforce speed limits to avoid excessive fuel consumption; 

■ Maximise in pit deposition of waste wherever possible; 

■ Shorten travelling distances; 

■ Investigate the feasibility of using biodiesel in LDVs and possibly in HDVs as well 
(many of the Caterpillar vehicles already have the ability to use biodiesel); 

■ Create a central parking hub for all LDVs and staff personal vehicles to reduce 
unnecessary vehicle use over short distances. This will also minimise the inefficient 
stop-go driving encountered in areas with high vehicle and foot-traffic; 

■ Define the purpose of the vehicle and purchase accordingly (i.e. do not purchase a 
four wheel drive when a two wheel drive will suffice); 

■ When purchasing vehicles, select the most fuel efficient vehicles for the intended 
purposes; 

■ Regular maintenance of vehicles (oil changes and correct tyre pressure), can 
improve fuel efficiency; and 

■ Educate drivers on how speeding and idling increases emissions and how 
behavioural changes can reduce these.  

6.11.4.3 Sewage Treatment Plant 

The GHG emission calculations assume that there is no methane captured and reused from 
the sewage treatment plant. Available technology is able to capture between 30 and 60% of 
methane emitted from a sewage treatment plant (Shimizu, 2006). Should the New Liberty 
project employ such technology they may realise a 955 281 kg CO2-e reduction per annum. 
If this methane is used for electricity production, a further reduction will be realised through a 
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decrease in diesel consumption. If possible it is also advised to use a managed aerobic 
treatment facility as they have the lowest emissions.   

6.11.4.4 Food waste 

Food waste can result in material GHG emissions, and is one of the GHG sources that can 
be mitigated with relative ease. The following strategies are low-cost but with maximum 
effect: 

■ Food waste should not be landfilled but composted. The compost can be sold or 
used in community farming programmes or during rehabilitation; 

■ The food waste can be used in anaerobic bioreactors to produce biogas that can be 
used for cooking and heat generation; and 

■ By reusing food waste there will be secondary benefits and reductions in emissions 
from other resources, such as reduced consumption of fossil fuels for heating and 
cooking, reduced consumption of chemical fertiliser (which in turn requires energy 
and water for its production). 

6.11.4.5 General GHG, reduction and off set strategies 

GHG reduction strategies relate to the implementation of engineering solutions to reduce the 
GHG footprint of a project. The IFC EHS guidelines recommend that the following be 
considered in the reduction and control of GHG emissions: 

■ Enhancement of energy efficiency (energy efficiency measures have already been 
taken into consideration in the form of conveyor belt design and layout so as to 
minimise inclines and promote gravity feeds); 

■ Protection and enhancement of carbon sinks and reservoirs (e.g. forests). This 
includes promoting reforestation and actively engaging in ‘planting initiatives’ to 
counter balance the land clearing activities that will result in a loss of carbon 
sequestration; 

■ Promotion of sustainable forms of agriculture and forestry in the community; 

■ Promotion, development and increased use of renewable forms of energy; 

■ Investments in research and development of carbon capture and storage (CCS) 
technologies; and 

■ Limitation and/or reduction of methane emissions through recovery and use in waste 
management.  

Improvements in the efficiency of the power generation process results in less diesel being 
burned to produce the same amount of electricity. The advantages of improved efficiency 
include lower fuel costs, reduced air pollution and emissions. 
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6.11.5 Conclusion and recommendations 

The total emissions that have been estimated in this report represent the majority of the 
emissions, but it is very likely that the emissions assessment accuracy will increase once 
accurate operational phase data is available, and the emissions boundary is defined. This 
gap needs to be addressed once the mine becomes operational by implementing the 
recommendations made below: 

■ Investigate the alternatives to reduce New Liberty’s GHG footprint; 

■ Hydrocarbon contaminated and medical waste should not be a major contributor, 
however the volume of this waste will be included in operational procedures and 
GHG emissions calculated annually based on measured results; 

■ It is recommended that the quantity of all waste streams disposed of, be recorded 
and used in the annual GHG emissions footprint; 

■ All recyclable waste will be separated at source and managed separately for 
recycling. This includes scrap metal, plastic, used oil; and  

■ The monitoring plan will be implemented to allow accurate calculation of the GHG 
emissions once the operations commence.  

6.12 Noise 

The baseline noise study conducted during 2010 as part of the ESIA completed by Golder 
revealed that noise levels in the NLGM Project area are similar to those found in rural 
settings throughout Africa. There is occasional traffic noise on the dirt roads, and noise 
associated with the BMMC exploration drilling operations, and noise from chainsaws used by 
loggers in the area. 

Due to the remote setting of the NLGM site, the thick forest vegetation around villages, the 
fact that the area is in a rural setting and there are no commercially based industries in the 
region, the baseline noise levels are relatively low, with no marked impacts on the local 
population. 

In 2013 Digby Wells completed a further assessment to determine the impacts on the 
ambient noise levels of the mine as well as complete predictive modelling to assess, 
amongst others, what the noise impact on nearby villages would be. The study includes 
baseline noise measurements and also provides recommendations in terms of the mitigation 
and monitoring measures. 

For a copy of the complete report including tables and figures refer to Appendix F. 

6.12.1 Methodology 

The approach used in investigating noise impacts for this project is based on the IFC’s EHS 
guidelines. According to these guidelines noise from the proposed project should not exceed 
the levels presented in Table 6-14, or result in a maximum increase in background levels of 
3dBA at the nearest receptor location off-site. 
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Table 6-14: Acceptable rating levels for noise in districts (IFC EHS, 2007) 

Noise level guidelines One Hour LAeq (dBA) 

Receptor 
Daytime 

07:00-22:00 

Night time 

22:00-07:00 

Residential; institutional; 
educational 

55 45 

Industrial; commercial 70 70 

A baseline assessment was undertaken to determine the current ambient noise levels at the 
areas surrounding the proposed project. Locations (residential dwellings within villages) 
were selected based on the fact that they may possibly be impacted on by the proposed 
mining activities and that they could be identified as suitable reference points for the 
measurement of ambient sound levels surrounding the proposed project area.  

A Cirrus, Optimus Green, precision integrating sound level meter was used for the 
measurements. The instrument was field calibrated with a Cirrus, sound level calibrator. The 
baseline locations are presented in Table 6-15 as well as in Plan1 (Appendix F).  

Table 6-15: Noise measurement locations 

Site 
ID 

Location Category of receiver GPS coordinates 

N1 Village resettlement site Village 7° 0'22.92"N & 11° 7'5.99"W 

N2 Kinjor Village 7° 0'37.67"N & 11° 8'16.77"W 

N3 Larjor Village 7° 0'31.83"N & 11° 8'46.07"W 

N4 Jikando Village 6°59'59.67"N & 11° 9'56.09"W 

Predictive modelling was performed for the proposed mining activities through the use of the 
modelling software SoundPlan. The software specializes in computer simulations of noise 
pollution dispersion. Estimates of the cumulative mining noise levels from the study were 
derived from the noise emissions from all the major noise-generating components and 
activities of the proposed project. 

The models were run as a conservative scenario with worst case assumptions, so the 
following should be noted: 

■ The average yearly temperature was used;  

■ The average yearly humidity was used; 

■ No wind conditions were assumed; and 
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■ The mitigation effect of vegetation was not taken into account. 

The following table indicates the sound power levels during the mining activities used in the 
model simulations. The sound power levels for the mining activities were derived from a 
number of previous studies (Malherbe, F.2005) and are shown in Table 6-16. 

Table 6-16: Sound power levels from main noise causing sources 

Noise source Sound power levels dB 

Octave band frequencies, Hz 63 125 250 500 1000 2000 4000 

Construction phase 

Haul Truck 108 118 115 114 110 106 102 

Excavators  113 117 107 108 106 101 95 

Front end Loader 108 116 107 108 105 99 95 

Dozer 110 122 113 114 110 108 104 

Operational phase  

Front end Loader 108 116 107 108 105 99 95 

Haul Truck 108 118 115 114 110 106 102 

Processing plant 108 106 107 103 99 94 86 

6.12.2 Results and discussions 

The results from the noise meter recordings for all the sampled points as well as the rating 
limits according to the IFC guidelines (Table 6-14) are presented in Table 6-17. The noise 
level time history graph per noise measurement location can be seen in Figure 6-13 to 
Figure 6-16. 

Current ambient noise levels are at the level expected from noise sources associated with 
village communities, such as socializing activities, including radios playing music as well as 
vehicular movement, mainly motorbikes and chainsaws from the logging activities. 

The daytime levels measured slightly above the IFC EHS noise guidelines for residential 
district limits of 55dBA. The average measured daytime level being 57 dBA. The causes of 
the fluctuating levels were due to the socializing activities by the villagers, noise from 
livestock i.e. roosters in the villages and vehicular activity. Normal conversation is +_60 
decibels, 57dBA is more than the required limits. 

The night time levels are higher than the IFC EHS noise guidelines for residential district 
limits of 45dBA. The average measured night time level being 53 dBA. The causes of the 
fluctuating levels were due to mainly the noise from the cicadas (70 dBA peak), crickets 
(also peaking at 70dBA) as well as amphibians.  
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Table 6-17: Results of the baseline noise measurements  

Sample 
ID 

IFC rating limit  

 Type of district Period Acceptable rating level dBA L Areq,T  dBA Maximum/Minimum dBA Date 

N1 Residential  
Daytime 55 51 74 / 26 19/03/2013 

Night time 45 53 69 / 45 19/03/2013 

N2 Residential  
Daytime 55 60 97 / 34 21/03/2013 

Night time 45 56 82 / 35 21/03/2013 

N3 Residential  
Daytime 55 62 92 / 28 23/03/2013 

Night time 45 55 79 / 36 23/03/2013 

N4 Residential  
Daytime 55 54 96 / 28 26/03/2013 

Night time 45 46 85 / 37 26/03/2013 

 Indicates current LAeq,T levels above either the daytime rating limit or the night time rating limit 
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Figure 6-13: Noise graph for N1 

-----------------------------------------Daytime---------------------------------------- -----Daytime--------------------------------Night time--------------------------

Daytime limit 

Night time limit  
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Figure 6-14: Noise graph for N2 

Night time limit  

Daytime limit 

-----------------------------------------Daytime------------------------------------ ----------------------------Night time------------------------- -------Daytime------



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025 

 

87 

 

 

Figure 6-15: Noise graph N3 

-------------------------------------Daytime------------------------------------ ----------------------------Night time--------------------------- ---------Daytime-------

Daytime limit 

Night time limit  
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Figure 6-16: Noise graph for N4 

Night time limit  

Daytime limit 

-------------------------------------------Daytime----------------------------------------- ----------------------------Night time-------------------------- ---Daytime--
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The noise sources that were audible during the baseline measurements at the time of the 
noise survey and that were responsible for the day/night time level are summarised in Table 
6-18. 

Table 6-18: Noise sources during baseline measurements  

Noise source description 

Day Duration Night Duration 

Radios and sound systems 
playing music 

Intermittent  Gryllidae (crickets) Continuous 

Livestock (Rooster crowing) Intermittent  
Amphibians  Continuous 

Socializing activities Intermittent  

Dogs barking Intermittent  

Cicada Continuous Vehicular activities on main road  Intermittent  

Chainsaw  Intermittent  

6.12.3 Findings 

SoundPlan noise dispersion modelling software was used to assess whether the noise from 
the mining activities will impact on the relevant noise sensitive receptors, by comparing the 
predicted propagating noise levels with the current ambient baseline noise levels.  

6.12.3.1 Construction phase 

It is assumed that the construction activities will only take place during daylight hours.  

According to the noise dispersion model for the construction phase, the noise from the 
proposed mining activities will measure below that of the IFC daytime guidelines as well as 
below that of the current ambient noise levels at Jikando village and further away than 
Jikando.  

The vehicles hauling construction equipment via the access road from Daniel’s Town to site 
may impact on the villages adjacent to the access road, but the significance of the impact 
depends of the duration of the construction phase. 

6.12.4 Operational phase 

The mining and processing activities will be operational for 24 hours a day and may impact 
on the existing ambient day and night time levels at the surrounding villages. 

According to the noise dispersion model for the operational phase, the noise from the 
proposed opencast mining activities as well as processing plant will not measure above the 
IFC day and night time guidelines at the village of Jikando and the RAP village. 
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6.12.4.1 Decommissioning phase 

It is assumed that the decommissioning activities will only take place during daylight hours.  

The results will be lower than that of the construction and operational phase with regards to 
the expected noise levels, because less machinery will be involved during the 
decommissioning phase. It is therefore it probable that the noise from the proposed mining 
activities will be lower to that of the current ambient noise levels at the indicated noise 
sensitive receptors. 

6.13 Terrestrial Ecology 

Terrestrial ecology baseline surveys were conducted in November 2010 (wet season) and in 
April 2011 (dry season) as part of the ESIA completed and submitted in 2012. For the results 
of these surveys please consult the Golder ESIA. 

Digby Wells completed further assessment on the fauna and flora within the project area. 
The results of this assessment are discussed below. Refer to Appendix G for a copy of the 
Terrestrial Ecology Report. 

6.13.1 Vegetation on a national scale 

Vegetation community composition in Liberia is primarily determined by the rainfall gradient, 
and to a lesser extent, to soil cation availability and soil water holding capacity (Marshall 
2011). There is vegetation composition and structure variation that corresponds to latitude 
and longitude (Chatelain et al. 2004). There are large numbers of endemic and rare species 
in Liberia and their occurrence can be attributed to variations of environmental factors 
including topography, soil types and climate as well as isolating factors (rivers and 
mountains) (Pooter et al. 2004). Liberian forests in general are extremely fragmented due to 
anthropogenic factors and forest patches in good condition are rare (Jongkind 2010).  

Mixed evergreen forest in Liberia is typified by plant species such as Calpocalyx aubrevillei, 
Dialum spp., Heritiera utilis, Lophira alata and Sacoglottis gabonensis (Lebbie 2011). 
Dominant species in the forest include Gilbertiodendron preusii, Parinari excela or 
Tetraberlinia tubmaniana. In the semi-deciduous forest occurring in Liberia dominant species 
include Entandrophragma spp. and Khaya spp. Farmbush is dominated by ruderal plants 
that provide a pioneering role in forest regeneration, dominant species here include 
Funtumia Africana, Holarrhena floribunda and Pycnathus angolensis (Lebbie 2011).  

As anthropogenic influences play such a crucial role in forest and community structure, it is 
important to understand the processes. In general, subsistence fields tend to be cleared on a 
rotational basis on a cycle ranging from five to seven years, sometimes longer (Marshall 
2010). Not only is the primary or closed forest important to local people, but the secondary 
forest forms a crucial part of their lives as well. The forest provides food (in the form of 
bushmeat, fruit and other plants), timber and non-timber forest products (medicine). 
Typically, "the species and vegetation types that were highly valued for conservation 
purposes (i.e. globally rare ones) were not the ones that contributed most to local welfare" 
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(Marshall 2011 pg 14). This is important to note as it is thus likely that any biodiversity 
offsets will not meet the subsistence needs of the local population (Marshall, 2011).   

Not only is the primary or closed forest important in terms of biodiversity, but studies have 
also found that large numbers of ruderal species are in fact endemic to the region (Holmgren 
& Poorter 2007). Ruderal species are those that are pioneers and the first to colonize areas 
of disturbance. These types of species are essential for forest regeneration. Species with 
restricted ranges tend to rely on specific rainfall levels, with those occurring in a wider 
distribution pattern less dependent on rainfall. Endemic species that were ruderal in nature 
included both wind-dispersed species and those that need high light levels. Holmgren and 
Poorter conclude" "A ruderal strategy seems to be key to understanding the success of 
endemics in the Upper Guinean forests, and indicates the important role of disturbances in 
shaping the composition of these tropical forests". The results of this study indicate that 
areas of secondary forest may be just as important from a biodiversity perspective as areas 
of primary or closed forest.  

6.13.2 Vegetation on a regional scale 

In terms of regional-scale vegetation, the WWF Ecoregions provide the most comprehensive 
description (Lebbe 2011). It is commonly thought that logging and other anthropogenic 
influences have transformed the vegetation to the point where no primary forest remains, 
and that which is described as primary forest is in fact late secondary forest (Lebbe 2011). 
Through research and comparing these results to that of Golder (Golder 2012 Ecology 
Assessment) is has been shown that this is not the case and that there are large areas of 
primary forest still remaining within the region. The forest can be divided into two main types: 
moist evergreen forest and moist semi-deciduous forest (Lebbe 2011). Canopy height tends 
to be at least 30m tall, with emergent trees as tall as 60m. There is some differentiation 
within the forest where patches of riparian and swamp vegetation occur as a mosaic within 
the area. Dominant throughout the vegetation type is secondary forest created due to slash 
and burn agriculture that may range from one to several years old and is called farmbush by 
the local people (Lebbie 2011).  

Tree species common within this vegetation type include Dacroydes klaineana, Strombodia 
glaucescens, Allanblackia floribunda, Coula edulis and Diospyros sanza-minika and 
vegetation is largely homogenous (Lebbie 2011). Some unique species assemblages have 
been described in areas where geology and climate are different. It is thus thought that both 
geo-climatic factors and anthropogenic influences have had a large influence on vegetation 
and community structure (Lebbie 2011).  

6.13.3 Vegetation from the field survey 

Overall, the project area comprises a mosaic of secondary and primary forest, with large 
areas of swamp vegetation. Secondary forest was created by anthropogenic influences, 
primarily that of slash and burn agriculture. As a result, secondary forest ranging from very 
recent, (1 year old) to much older (over 20 years old) was found. These were divided into 
three different vegetation types as structure and species composition was noticeably 
different. Swamp vegetation, with its dominant palm and fern species, was described as a 
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vegetation type as well as primary forest. The result is five different vegetation types (refer 
Plan 5, as attached in Appendix A and described in further detail below):  

■ Swamp Vegetation; 

■ Primary Forest; 

■ Secondary forest: 1 - 5 years; 

■ Secondary forest: 6 – 10 years; and 

■ Secondary forest: older than 10 years. 

21.2% of the study area will be impacted by the placement of infrastructure. In terms of 
impacts to Primary Forest 12.4% of the study area will be impacted upon out of the total of 
21.2%. In terms of the impacts in relation to the mining right area only 1.2% will be impacted 
upon. 

6.13.3.1 Swamp vegetation 

Swamps are found to occur within the low-lying areas, usually fairly close to rivers. The 
swamps are waterlogged, muddy areas, even in the dry season. These areas are thought to 
have been farmed previously; prior to the civil war the area was a great producer of rice and 
this is easily farmed in swampy areas. Although some crops remain in these areas 
(generally the drier edges), the majority of the site is regenerating natural vegetation.  

The large numbers of palms and ferns are diagnostic of the swamp vegetation. In general, 
the edges that tend to be flooded in the rainy season have large numbers of Uapaca 
guiniensis plants with their stilt roots. The wetter areas contain palm species including 
Raphia hookeri, Raphia palma-pinus and Laccosperma species. Also in these areas are 
large numbers of fern species, many of which could not be identified as well as the swamp 
tree Uapaca paludosa. Where areas are more disturbed, Selaginella versicolor can be found 
(Figure 6-17).  

Swamp vegetation tends to be in very good condition in primary forest, but can be in 
incredibly bad condition in secondary forest (swamp vegetation is scattered throughout the 
study area and makes up a very small percentage of the different vegetation types found). 
Swamps are, however, essential for ecosystem services and maintain a high diversity of 
water fauna (such as terrapins, crocodiles, small fish, invertebrates and amphibians). 

The swamp vegetation has been mapped according to its level of disturbance as part of the 
secondary or primary forest where applicable. Determining and mapping the exact extent of 
this vegetation type is difficult (swamps are scattered throughout the landscape and during 
the assessment not all the swamps may have been identified as the vegetation in the area is 
dense and difficult to move through) and it is for this reason that it is not mapped as a stand-
alone vegetation type. 
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Figure 6-17: Swamp vegetation within forest. A: palm s are common indicators of 
swamps, B: ferns are also swamp indicators, C: Common in swamps is the palm 
Laccosperma secundiflorum , D: in very wet areas Selaginella versicolor  grows, and E: 
Uapaca paludosa . 

6.13.3.2 Primary Forest 

This vegetation type can be equated with the ‘Natural Vegetation’ as described by Golder 
(2012). This forest is typically very tall with a shaded understory (Figure 6-18Primary forest 
is easier to walk through than secondary forest as it has an open understory with fewer 
shrubs and herbs due to lack of light from the shading of the canopy above. Although there 
were no clear dominant species, and different communities within this type could not be 
identified, some trends could be recognised:  

■ Steep and rocky slopes have trees with smaller diameter stems, typically dominated 
by the common ebony (Diospyrus sanza-minika). 
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■ IUCN listed species occur commonly in the areas of primary forest. Notable species 
include Lovoa trichiloides and Lophira alata. 

■ Common understory plants include Heisteria parviflora, Costus deistelii and Mapania 
ivorensis. 

■ Large numbers of epiphytic plants occur in primary forest; these include both ferns 
and orchids. Many species were recorded by Golder (2012) with some of these 
confirmed by Digby Wells. Species include Angraecum distichum, Chamaeangis 
odoratissima and Microsorum punctatum. 

Considering the numbers of IUCN listed species and the potential for new species to exist 
(Jongkind, pers comm), it can be denoted that the forests in the areas are important from a 
biodiversity perspective. 

Current pressures include clearing for mine infrastructure, such as the new mine camp and 
TSF and existing impacts from logging pressures surrounding these forests The occurrence 
of Primary Forest was mapped using satellite imagery and sampling. The Primary Forest 
serves as a hunting ground for the local people for bushmeat as well as providing them with 
timber and NTFPs.  
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Figure 6-18: Primary forest. A: fairly open understory with large trees (this one is 
Omphalocarpum ahia ), B: A large tree: candlewood ( Canarium schweinfurthiii) C: The 
pod of Pentaclethera macrophylla , another large tree, D: A common understory shrub 
or small tree, Heisteria parvifolia, and  E: A common epiphytic orchid of the primary 
forest canopy, Bulbophylum  sp. 

6.13.3.3 Secondary Forest 1-5 years 

This type of forest contains many forest species which grow exceptionally quickly directly 
after clearing. Clearing of the NLGM site is primarily due to subsistence agriculture in the 
form of slash and burn.  . Some secondary forest has been formed where clearing has 
occurred during the exploration phase of the development.  
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Primary species include both indigenous and invasive species, both of which have 
ruderal strategies. The species include the indigenous Afromomum spp, Anthocleista 
nobilis, Scleria bovinii, Musanga ceropoides and Alchornea cordifolia as well as large 
numbers of the invasive Chromolaena odorata (Figure 6-19).   
 

 

Figure 6-19: A: Secondary forest 1-5 years comprises  shrubs and ruderal species, B: 
sawgrass ( Scleria bovinii ) commonly occurs on road edges, C: Mimmosa pigra  is also 
commonly found on road verges, and D: Alchornea cordifolia  is a very common 
ruderal species and one of the first to colonise disturbed areas. 

This type of forest contains many forest species which grow exceptionally quickly directly 
after clearing (Ruderal species). It is much the same as the younger secondary forest 
described above but trees have begun to grow as well, and in some places, pole thickets are 
formed. Tree species are ruderal in majority with Anthocleista nobilis, Musanga ceropioides 
dominating and other species such as ebony (Diospyrus spp.) starting to grow. This 
vegetation type remains largely impenetrable due the dense undergrowth but some trees 
may reach heights of up to 20m  (Figure 6-20). 
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Figure 6-20: A: Secondary forest 6 -10 years compris es shrubs and ruderal species, 
sometimes forming pole thickets and impenetrable low vegetation. B: Anthocleista 
nobilis  is a common ruderal species, C: corkwood Musanga cecropioides  is another 
common ruderal species and D: ebony ( Diospyrus spp ) also occur in secondary 
forest. 

6.13.3.4 Secondary Forest older than 10 years 

This type of forest tends to be relatively indiscernible from Primary Forest. It lacks very large 
trees, with fewer epiphytic plants. The understory is clear and easy to walk through as in 
Primary Forest, and many of the same species occur in this forest type although they may 
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be smaller. Evidence of past clearing usually indicates the secondary nature of this forest 
type and includes burnt remnants of tree stumps as well as some tree stumps cut off at 
approximately two metres with an axe (the method used by farmers when clearing land for 
fields). Species composition tend to be the same as Primary Forest (similar plant species 
within the Primary Forest are the same as species contained within Secondary Forests, 
however vegetation located within the Primary Forest is older in age and structure) with no 
distinctive dominants but very high species richness and diversity (Refer to Figure 6-21 for 
examples of some of the species identified). Some IUCN red data species also occur in this 
vegetation type. 

Similar pressures face this vegetation type including logging and bushmeat hunting. As it 
resembles Primary Forest in as far as species composition is concerned it is sensitive and 
should be conserved as far as possible. 

 

Figure 6-21: A and B: Secondary forest older than te n years comprises large trees 
with a slightly denser understory than the Primary Forest, some large trees occur. C: 
Uapaca guiniensis is a common species, especially surrounding swamps D: Older 
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secondary forest begins to harbour epiphytic plants; this fern is Microsorum 
punctatum . E: Pycnanthus anglolensis , a common plant of older secondary forest. 

6.13.4 Description of the Fauna for Liberia and the NLGM site 

Liberia occurs within the Upper Guinean Forests hotspot not only because of flora diversity, 
but also due to faunal diversity, with international significance for most taxonomic groups 
due to high endemicity (EPA 2010). In terms of the faunal groups, the hotspot has high 
endemicity with 1.4% of the mammal species, 1.5% of the amphibian species and 1.2% of 
the freshwater fish species occurring in the world. Primate diversity is of particular 
significance with five species listed as Critically Endangered by the IUCN, with another 
twenty-one listed as Endangered.  

It should be noted that, as with the flora of the region, the fauna of Liberia is also not well 
known. Although birds and mammals have been studied and field guides exist for these 
groups, some of the species occurring in the country have only recently been captured in 
photographs. A major threat to these species is habitat destruction and that there is the 
potential for new species to be identified through on-going monitoring. For amphibians and 
reptiles of Liberia no books are available on the subject, certainly no field guides and many 
of the frog species remain undescribed. This general lack of information makes identification 
often difficult and there is a possibility that new records for the area or new species may 
exist. This section serves to describe what can be found in Liberia as a whole, and what was 
recorded from the study site during the site assessments (during the dry and early wet 
season of 2013, and the information collected by Golder the previous year. It is by no means 
comprehensive but gives an indication of the animal species found in the area. 

6.13.4.1 Site specific fauna identified 

6.13.4.1.1 Herpatofauna (amphibians and reptiles) 

Overall, 67 species of amphibians have been recorded from Liberia, it is however, well 
established that the area has not been well collected and there is a potential for new records 
of new species that could be identified through on-going monitoring. In terms of IUCN, there 
are seventeen amphibian species listed for the area, with one Critically Endangered, two 
Endangered, one Vulnerable and thirteen Near Threatened listed species, of which one was 
found the Sierra Leone Reed Frog (Hyperolius chlorosteus) (Near Threatened. In addition, 
two frog species were that could not be identified were recorded from site. A total of 8 
species were recorded from the study site. The country has 17 IUCN listed species. (Refer 
to Figure 6-22 for some of the amphibian species identified).  
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Figure 6-22: Some amphibian species recorded from th e study site. A: Hyperolius 
concolor , B: Sierra Leone reed frog ( Hyperolius chlorosteus ), C: Unknown frog 
species, D: Ptychadena mascareniensis , E: Unknown frog species and F: 
Amietophrynus regularis , G: Amietophrynus maculatus  

In total, 95 reptile species have been recorded from Liberia, with only four of these on the 
IUCN red data list (two of which are marine turtles and not relevant here). Nineteen reptile 
species were recorded from the NLGM site, including one new record for Liberia, the Nile 
soft-shelled terrapin (Trionyx triunguis). The African Dwarf Crocodile (Osteolaemus tetraspis) 
(listed as Vulnerable by the IUCN), was recorded from the study site. In addition, 3 lizard 
species and 2 snake species that could not be identified were found on site. These are listed 
in Appendix 1. Through on-going monitoring additional reptile species may be identified 
(Refer to Figure 6-23 indication some of the reptile species identified on site).  
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Figure 6-23: Some reptile species recorded from the study site. A: African Dwarf 
Crocodile ( Osteolaemus tetraspis ), B: Nile soft-shelled terrapin ( Trionyx triunguis ), C: 
African rainbow lizard ( Agama agama ), D: Serrated hinge-back tortoise ( Kinixys 
erosa ) and E: Chamaeleo senegalensis  

6.13.4.2 Avifauna 

Overall, 598 bird species have been recorded from Liberia as a whole with more species that 
have distribution ranges that include Liberia. In total, 100 bird species were recorded from 
site of which twenty-four were new records for Liberia, however only one of which features 
on the IUCN red data list (Grey Parrot). This indicates the paucity of information available for 
the country; certainly no county-specific records exist. The recorded species included a 
range of both forest and water birds  

6.13.4.3 Mammals 

Overall, there are 82 mammal species recorded for Liberia, with 32 of these on the IUCN red 
data list. Twenty mammal species were recorded from the study site. Three IUCN listed 
species were recorded from the NLGM study site; Jentick's duiker (Cephalophus jentinki) 
(Endangered), African White-bellied Pangolin (Phataginus tricuspis) (Near Threatened) and 
Diana Monkey (Cercopithecus diana) (Vulnerable). Eight red data species are reported by 
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the local hunters, but were not confirmed to be present during the study (refer to Figure 
6-24). 

 

Figure 6-24: Some mammal species recorded from the s tudy site. A: Bush cow 
(Syncerus caffer nanus ), B: Royal antelope ( Neotragus pygmaeus ), C: Cusimanse 
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(Crossarchus obscurus ), D: African civet ( Civettictis civetta ), E: Sooty mangaby 
(Cercocebus atys ) and F: Three-cusped pangolin ( Phataginus tricuspis ). 

6.13.5 Mitigation Measures for Ecosystem Services 

Ecosystem services refer to the services that the natural environment supplies to people. It 
places a value on biodiversity directly related to human experience and is a useful tool as it 
makes issues related to biodiversity accessible to people who are not necessarily scientists. 
IFC Performance Standard 6 indicates that ecosystem services should be addressed in the 
impact assessment process. An ecosystem services assessment was conducted for the 
NLGM, some of the services identified included: 

■ Provision of bushmeat;  

■ Provision of timber for building, firewood, charcoal and commercial logging; 

■ Provision of non-timber forest products; and 

■ Agriculture. 

The mine will impact on the ecosystem services required by the communities of the area. 
These impacts are largely due to the displacement of the people for resettlement resulting in 
the clearing of new areas of land, and accessing of new areas of forest for provisioning 
services. These impacts are further exacerbated by the expected influx of people as a result 
of the mine. The opportunity exists for the mine to mitigate against these impacts through 
various initiatives. These initiatives deal directly with loss of biodiversity and resulting impact 
on ecosystem services and does not deal with climate change, water or air quality. These 
are outlined in Table 6-19 below. 

Table 6-19: Mitigation measures for ecosystem services impacted by New Liberty  

Ecosystem service – detailed Mitigation and provision of substitutes 

Provision of bushmeat Bushmeat is an essential component of the diet of the local people, 
this service will consistently decrease as population increases as a 
result of in-migration. The mine has the opportunity to reduce the 
reliance on bushmeat and thus protect the wildlife to a certain 
degree. It is recommended that the mine investigate options for 
developing a sustainable local business in farming of domestic 
animals such as chickens and rabbits to supply meat for the locals. 

Provision of timber for building, 
firewood, charcoal and 
commercial logging. 

As the development continues, there is a risk that logging pressure 
in the area may increase as areas that were previously 
inaccessible are now accessible for logger trucks to enter. This 
may pose a risk to the Critical Habitat in the area and may be a 
significant impact in the long term. Although the mine has limited 
control of the logging in the area, the existing roads that have been 
built and will not be used can be rehabilitated, limiting access for 
logging trucks. Woodlots would provide a substitute for timber, and 
their use is suggested as part of the approved CDP.  
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Provision of non-timber forest 
products 

The community relies on the forest for fruit, medicine and other 
materials. Although this has a relatively low impact on the forest, 
increased access and increased population will increase pressure 
on the resource. It is recommended that the mine develop a 
nursery for growing indigenous species, or an awareness 
programme on sustainable harvesting of resources. The provision 
of reliable medical assistance on the form of a clinic and medicines 
will alleviate pressure on this resource. 

Agriculture Interactions with agriculture in terms of ecosystem services are 
complex as not only will the development of the mine result in the 
loss of potential agricultural land and fallow fields, but the 
displacement will result in the clearing of new areas of forest for 
agricultural activities. The mine CDP recommend the development 
of an agricultural programme focussing on reduced clearing (using 
the same piece of land year after year, as opposed to clearing new 
areas each year) and increased yield. 

For further details related to the ecosystem services assessment please refer to the 
Terrestrial Ecology Report, attached in Appendix G, compiled by Digby Wells. 

6.13.6 Sensitivity assessment 

Very High Sensitivity Value was given to the Primary Forest as well as the Swamp 
Vegetation where it occurred within patches of Primary Forest, and was in very good 
condition, with high faunal diversity. A High Sensitivity Value was assigned to Secondary 
Vegetation that was older than 10 years, with Moderate Sensitivity Value assigned to 
Secondary Vegetation 5 – 10 years old and Low Sensitivity Value to areas that have been 
transformed. It is recommended that the mine adopt a mitigation hierarchy to anticipate and 
avoid, or where avoidance is not possible, minimize, and, where residual impacts remain, 
compensate/offset for risks and impacts to workers, Affected Communities, and the 
environment. 

21.2% of the study area will be impacted by the placement of infrastructure. In terms of 
impacts to Primary Forest 12.4% of the study area will be impacted upon out of the total of 
21.2%. In terms of the impacts in relation to the mining right area only 1.2% will be impacted 
upon. 

For further detail in terms of the methodology utilised during the sensitivity 
assessment please refer to the Terrestrial Ecology Report attached in Appendix G, 
compiled by Digby Wells . 
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6.13.7 Main conclusions and recommendations 

The area of study was found to be exceptionally diverse from both a flora and fauna 
perspective. Pressures on the ecosystem have already occurred due to the local land users. 
Mining will have primary and secondary impacts which will be minimised through the 
implementation of the recommendations made in the report. It must be noted that the initial 
impacts during construction are high and that there is a possibility that secondary impacts, 
such as logging will increase in the area if not managed properly. As construction of the 
development has largely taken place, many of the mitigation measures normally undertaken 
at this stage (such as avoidance of Primary Forest) cannot be done. It is for this reason that 
careful management measures in order to deal with secondary impacts, coupled with on-
going monitoring and the level of potential offsets that may be required will need to be 
quantified.  

The following recommendations are made: 

■ Implementation of the monitoring plan to minimise impacts and maximise the 
benefits.  

■ Quantification of the level of potential offsets that may be required and compilation of 
management plans; and 

■ An agricultural program (as embedded in the CDP) should be set up to attempt to 
reduce the impacts of the people on the natural resources. The programme should 
centre around reducing the land cleared from slash and burn agriculture, keeping of 
domestic animals to reduce reliance on bushmeat and the establishment and use of 
woodlots to reduce dependence on indigenous tree species for timber, charcoal and 
fuelwood. 

Taking into consideration the impacts and the mitigation measures that will be put into place 
for NLGM, the mine can have an overall positive impact on the biodiversity of Liberia, 
however the commitment needs to be made that the level of potential offsets that may be 
required will be quantified, which will assist with conservation both at a local and national 
level. 

6.14 Aquatic Ecology 

In November 2010 and April 2011 aquatic ecology surveys were conducted at the NLGM site 
and the findings presented in the 2012 report. These baseline aquatic ecology surveys 
included an assessment of in situ water quality, general habitat parameters, integrated 
habitat availability, diatom analysis, ichthyofaunal species diversity and aquatic macro-
invertebrate composition.  

In summary the following conclusions were drawn from the surveys conducted by Golder in 
2012: 

■ In situ water quality was good during both surveys with the exception of the 
Dissolved Oxygen (DO) concentration which may have had a limiting effect during 
the April 2011 survey; and 
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■ It was noted during both surveys that turbidity levels in Marvoe Creek decreases 
during the night and increase steadily during the day as artisanal mining activities 
increase. In the medium to long term increased turbidity levels associated with 
artisanal mining activities can be expected to have a limiting effect on biodiversity in 
the Marvoe Creek; 

Based on the Invertebrate Habitat Assessment System (IHAS) results, habitat availability 
and stream condition had a limiting effect on all the sites in the Marvoe Creek except 
MAR_01. Extensive modification of the instream and riparian habitats by artisanal miners 
contributed to the poor IHAS results. This was clearly evident at sites MAR_02 and MAR_03 
where artisanal mining activities have reduced the instream habitat to a homogenous sandy 
substrate which doesn’t provide any cover for benthic fauna. 

The high percentage contribution (> 30%) of Ephemeroptera, Trichoptera and Plecoptera 
(EPT taxa) to the overall invertebrate assemblage at sites MAR_01, MAR_04 and MAF_01 
indicates that biotic integrity remains high at these sites despite the impacts of artisanal 
miners upstream of site MAR_04. No EPT taxa were recorded at site MAR_03. 

Based on Margalef’s Richness Index the highest aquatic macroinvertebrate taxa richness 
was recorded at site MAR_01 during the April 2011 survey and the lowest at site MAR_03 
during the same survey. The relatively low levels of taxa richness measured at site MAR_03 
during both surveys can be attributed to the extensive habitat modification and resultant poor 
habitat availability associated with artisanal mining activities. 

The cluster analysis and NMDS ordination of quantitative aquatic macro-invertebrate data 
revealed the important influence of the following factors on aquatic macro-invertebrate 
community structure: 

■ Seasonal variation; 

■ Geographical location; and  

■ Degree of anthropogenic impact. 

A total of 17 fish species were recorded in the sample area during the November 2010 
survey (0 to 8 species per site).The highest fish species diversity (n = 8) was recorded at site 
MAR_01 upstream of the artisanal mining activities. No fish were recorded at site MAR_02 in 
the midst of the most intensive artisanal mining activities; both the instream and riparian 
habitats at this site have been critically modified. 

One Red Data fish species was recorded during the November 2010 survey namely 
Malapterurus stiassnyae cf. (Electric catfish) which is currently listed as Near Threatened 
(NT) by the IUCN’s Red List of Threatened Species (IUCN, 2011). Threats to this species 
include agricultural activities resulting in deforestation as well as mining and urban 
development that threaten in stream and riparian habitats. 

A total of 18 fish species were recorded in the project area during the April 2011 survey (4 to 
8 species per site). The highest diversity (n = 8) was recorded at site MAR_04 in the lower 
reaches of the Marvoe Creek and downstream of the majority of the artisanal mining 
activities. The lowest abundance and diversity (n = 5) in the Marvoe Creek was recorded at 
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site MAR_03, a site which is characterised by extensive modification of instream habitats by 
past and current artisanal mining activities. 

Two Red Listed fish species were recorded during the April 2011 survey namely Doumea 
chappuisi which is listed as Vulnerable and Malapterurus stiassnyae which is listed as Near 
Threatened. 

D. chappuisi has a fragmented distribution with populations in Côte d'Ivoire, Guinea, Guinea-
Bissau and Liberia. A taxon is classified as Vulnerable when according to the best available 
evidence it is considered to be facing a high risk of extinction in the wild. The species is 
threatened by deforestation, agricultural developments and any impacts that contribute to 
increased sedimentation of fast flowing riffle and rapid habitats. 

Sicydium crenilabrum cf. is a small member of the Gobiidae family that was recorded at site 
MAR_04 in the Marvoe Creek during the April 2011 survey. Its known distributional range 
extends from Côte d’Ivoire to the Democratic Republic of the Congo. The current record 
represents a substantial range extension of this species and may represent the 1st record of 
this species from Liberia. 

The diatom results indicated clean, highly oxygenated, oligotrophic conditions in the upper 
reaches of the Marvoe Creek and the Mafa River. Based on the diatom results ecological 
water quality in the upper reaches of the Marvoe Creek and Mafa River was placed in 
category A (high quality). 

Further downstream in the Marvoe Creek the diatom results indicated a slight increase in 
electrolyte and inorganic nutrient concentrations. Ecological water quality in the middle and 
lower reaches of the Marvoe Creek remained in a category B (good quality) despite the 
impacts of artisanal miners. 

For the full aquatic report compiled by Golder please refer to the Original ESIA. 

6.14.1 Aquatic Water Quality – Update 

The performance review completed identified the following gaps in the study: 

■ The surface water quality results were not compared to any aquatic ecology or 
fishery standard so impacts on these aspects of ecosystem services could not be 
determined; and   

■ There is minimal quality assurance/quality control data available to confirm the 
accuracy of the data. Water quality data was reviewed a number of concerns and 
limitations with the sampling process were highlighted. 

In light of this earlier study’s limitation, Digby Wells implemented a water quality assessment 
in order to determine the current baseline status of the local water quality conditions as well 
as to provide the necessary comparative assessment with the respective water quality 
standards. 
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6.14.1.1 Methodology 

A site visit was conducted during March 2013 in order to assess the water quality of the 
Marvoe Creek, taking into consideration the identified gaps and the proposed changes to the 
surface infrastructure layout.  

Surface water resources were identified during the site visit for both upstream and 
downstream locations of the mining operation. Sampling of surface water was conducted 
upstream and downstream of the site to establish baseline conditions of surface water 
quality surrounding the project.  

The sample bottles which were used were new, sterilized plastic bottles (500 ml). In spite of 
the bottles being new, they were rinsed as per best practice. Two water samples were 
collected for each sample location in order to ensure there were duplicate samples.   

Samples were stored in a cooler bag (carry bag) out of direct sunlight and stored in a fridge 
as soon as samples were back at the mine camp. Samples were transported in cooler boxes 
out of direct sunlight to the laboratory for analysis after the sampling runs were complete. 
Refer to Plan 7, attached in Appendix A, which indicates the locations of the surface water 
sampling points (currently there is additional work that is being conducted regarding the final 
location of monitoring points, once this has been completed, fixed monitoring points will be 
used to monitor all future water quality). A summary of the methods implemented by the 
laboratory (SGS South Africa) are as follows: 

■ An aliquot of aqueous sample is titrated first to pH 3.7 and then to 8.3 using a 
standardised base. The volumes of base titrated are used to calculate the acidity. 
The method is based on American Public Health Association (APHA) 2310; 

■ An aliquot of aqueous sample is titrated first to pH 8.3 and then to 4.3 using 
standardised acid. The volumes of acid titrated are used to calculate total alkalinity 
and/or alkaline species. The method is based on Environmental Protection Agency 
(EPA) 310.2 and APHA 2320 B; 

■ The conductivity of an aliquot of aqueous sample is measured electrometrically using 
a standards sell connected to a calibrated meter with automated temperature 
correction. This method is based on APHA 2510; 

■ Total suspended solids (TSS) is determined gravimetrically by filtering an aliquot of 
well-shaken aqueous sample through a pre-weighter filter which is then dried at 105⁰ 
C. This method is based on APHA 2540 D; 

■ Total dissolved solids (TDS) is determined gravimetrically on a filtered aliquot of 
aqueous sample by evaporating the sample to dryness in pre-weighted container at 
105⁰C. The method is based on APHA 2540 C; 

■ Total calcium and magnesium hardness on aqueous samples are determined by 
calculation from the ICP-OES results for Ca and Mg. The method is based on APHA 
2340 B; 
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■ Inorganic anions (Br, Cl, F, NO3, NO2, SO4) are determined on aqueous samples by 
ion chromatography. The method is based on EPA 300.1 and APHA 4110 B; 

■ The pH of an aliquot of aqueous sample is measured electrometrically using an 
electrode connected to a calibrated meter with automated temperature correction. 
This method is based on APHA 4500-H B; 

■ Orthophosphate as P is measured in aqueous solution by reacting an aliquot of 
sample to form molybdenum blue and measuring the absorbance of the solution at 
880nm using calibrated spectrophotometer. This method is based on APHA 4500-P 
E; 

■ Fluoride is measured on an aliquot of aqueous sample using a fluoride ion selective 
electrode and calibrated meter. The method is based APHA 4500-F C; 

■ Dissolved metals are determined on a filtered and acidified (to 1% HNO3) portion of 
aqueous sample by inductively coupled plasma mass spectrometry (ICP-MS). The 
method is based on EPA 200.8 and APHA 3030 B; and 

■ Dissolved metals are determined on a filtered and acidified (to1% HNO3) portion of 
aqueous sample by inductively coupled plasma optical emission spectrometry (ICP-
OES). The method is based on EPA 200.7 and APHA 3120. 

In order to understand what impacts the mine will have on water quality and the associated 
aquatic biota and people dependant on these systems, it is important to understand the 
current baseline conditions. Once this has been achieved, the monitoring of these resources 
can be undertaken on a continual basis to determine the impact the mine could have on 
these resources, if any. 

The following section presents the surface water standards and guidelines which were 
considered for this study in order to address the gaps identified. 
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6.14.1.1.1 Water quality standards and guidelines 

Refer to Section 6.5.1, for the applicable water quality standards and guidelines that are 
applicable for the NLGM. 

There are no set limits for Dissolved Oxygen in terms of Liberian legislation or the WHO 
Guidelines. It is important to understand that Dissolved Oxygen can be used as a measure 
for assessing the potential for survival of aquatic biota in a river system as biota require 
oxygen for respiration. With respect to the acceptable threshold, the South African standards 
for aquatic environments compiled by Department of Water Affairs and Forestry (DWAF, 
1996) were considered. 

6.14.1.2 Results and Discussion 

Eleven surface water samples were taken including two at the existing monitoring sites 
SWM1 and SWM2.  The average pH at the monitoring locations for surface water is 6.57 
with a maximum of 6.7 and a minimum of 6.4 at DSW4.   

The dominant cations in the regions surface water is sodium (Na), potassium (K) and 
calcium (Ca) with the exception of DSW4 and DSW6 that has slightly higher magnesium 
(Mg) than the other samples.  The main anions in the surface water are chloride (Cl) and 
bicarbonate (HCO3). The surface water thus has a Ca/Mg-HCO3 water faces. 

The Ca/Mg-HCO3 type water observed at the monitoring of the surface streams within the 
project area is typical for surface water systems within high rainfall areas and thus a high 
recharge frequently throughout the year.   

High runoff (55% during the wet season) allows for low TDS values with TSS being the 
slightly more dominant as observed with DSW2, DSW3, DSW6, SWM1 and SWM2 having 
suspended solid contents above the recommended limits of 30 mg/l and 50 mg/l in the 
Liberian Class 2 and 3 guidelines respectively.   

The water quality results (taken in March 2013) for all samples taken during the site visit are 
indicated in Table 6-20 and Table 6-21 and classed against the various water quality 
standards and guidelines. 

Based on WHO drinking water and the Liberian Class 2 and 3 guidelines the following 
conclusions can be made on the project water quality: 

■ None of the samples have pristine water qualities adhering to all guidelines; 

■ DSW4 and JAVBH1 have pH levels below the 6.5 limit for drinking water qualities but 
can still be used for agricultural, industrial and household activities; 

■ DSW1 (0.011 mg/l As) and SWM2 (0.036 mg/l As) are the only two samples with As 
concentrations above the recommended 0.01 mg/l limit given by the WHO; 

■ With the exception of DSW5, all the surface water samples showed elevated Fe 
concentrations above the recommended limits for drinking water and in the case of 
DSW6 (3.2 mg/l Fe) being above the limits for all three standards used; 
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■ The Fe concentration is from water leaching through the ferricrete rich soils common 
in high rainfall regions; and 

■ TSFDS1, NVSW1, JAVSW1, SWM1 and SWM2 have Faecal Coliform above the 
recommended limits as will be expected in these rivers used for recreation and 
domestic purposes by the local communities. 

A direct comparison of the results obtained from this assessment compared to that 
conducted by Golder & Associates (2012) and the on-going monitoring results at NLGM after 
the Golder study was done for the following constituents: 

■ pH; 

■ Total Dissolved Solids; and 

■ Dissolved oxygen. 

The comparison between the two assessments is summarised below for the upper, middle 
and lower reaches of the Marvoe Creek: 

■ Based on the results of the Golder & Associates (2012) assessment and the on-
going monitoring results at NLGM after the Golder study, the pH values were neutral 
and did not show any particular upwards or downwards trends. When compared to 
the current water quality results there has been a slight decrease in pH, however, the 
pH ranges still fall within the acceptable limits with the exception of DSW5 south of 
the diversion is below the recommended limit; 

■ The TSS levels (that is a measure of the amount of material suspended in water 
includes a wide range of sizes of material, from colloids (0.1 Fm) through to large 
organic and inorganic particulates) for the Golder & Associates (2012) assessment 
and the on-going monitoring results at NLGM after the Golder study were low and 
remained low and consistent during both surveys. An increase in the TSS may lead 
to a decrease in water temperature as more heat is reflected from the surface and 
less absorbed by the water. This may affect temperature-sensitive organisms; 

■ The TDS results for the current assessment were also low and below the limits, 
however, there has been a slight increase from the previous assessment when 
compared to the Golder & Associates (2012) assessment and the on-going 
monitoring results at NLGM after the Golder study results. This increase may be 
attributed to the construction activities taking place in the area and  the movement of 
additional people moving into the area and utilising the river system; 

■ The maintenance of adequate dissolved oxygen (DO) concentrations is critical for the 
survival and functioning of the aquatic biota because it is required for the respiration 
of all aerobic organisms. Therefore, the DO concentration provides a useful measure 
of the health of an aquatic ecosystem. Under anoxic conditions (in the absence of 
free and bound oxygen) in the water column or in sediments, heavy metals such as 
iron and manganese can appear in solution, as ferrous (Fe2+) and manganous 
(Mn2+) species, and toxic sulphides (S-) may also be released. High water 
temperatures combined with low dissolved oxygen levels can compound stress 
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effects on aquatic organisms. The depletion of dissolved oxygen in conjunction with 
the presence of toxic substances can also lead to a compounded stress response in 
aquatic organisms. Under such conditions increased toxicity of zinc, lead, copper, 
cyanide, sulphide and ammonia can be observed; and 

■ From the Golder, 2012 assessment and the on-going monitoring results at NLGM site 
after the Golder study the Dissolved Oxygen (mg/l) content differed from the 
November 2012 assessment, when compared to the April 2011. For the November 
2012 assessment all samples were within the described water quality standards, 
however (South African Standard for Dissolved Oxygen), some of the April 2011 
water quality samples were not within the acceptable range. The South African 
standards compiled by DWAF (1996) were considered as no limits have been 
described by the WHO or the relevant IFC standards. This limit has been set at > 4 - 
5 mg/ℓ. When comparing the current results to the previous results two of the surface 
water points were above the DWAF limits.  The changes between the November and 
April assessments may be attributed to the changes in rainfall during the dry and wet 
season. During the wet seasons there is more rainfall resulting in higher flow rates of 
streams, which may aid in increasing the Dissolved Oxygen within the river systems. 

6.14.1.2.1 Effects of trace metals 

The various trace metals present in the water as well as their effects are detailed below: 

Arsenic: Arsenic is a metalloid element which is toxic to freshwater aquatic life and is a 
known carcinogen. Elemental arsenic is insoluble in water, but many of its compounds are 
highly soluble. Arsenic occurs in several oxidation states, namely, III, IV, V and -III, 
depending on the pH and redox potential of the water. The two most common forms are 
arsenic (III) and arsenic (V), both of which form stable compounds with carbon, resulting in 
numerous organo-arsenical compounds. Elemental arsenic also combines readily with many 
metals to form arsenide salts, which are toxic to organisms. Most forms of arsenic, including 
the arsenical gases arsine (AsH) and trimethyl arsine, are very toxic. The USEPA has 
classified arsenic as "very toxic and relatively accessible" to aquatic organisms.  

Arsenic has been reported to have a variety of adverse effects on both vertebrate and 
invertebrate aquatic organisms; the type and severity of adverse effects being dependent on 
the life stages of the organisms concerned. Exposure to arsenic over a period of time results 
in reduced growth and reproduction in both fish and invertebrate populations. Arsenic also 
causes behavioural changes such as reduced migration in fish. Organic arsenal compounds 
have been shown to be less toxic than inorganic forms of arsenic to fish. In fresh water, 
there is little evidence to suggest that different inorganic forms of arsenic vary significantly in 
their toxicity to aquatic biota. Arsenic (V) is more toxic to plants than arsenic (III). Arsenates, 
although not particularly toxic, interfere with energy metabolism, whereas arsenites inhibit 
the activity of a variety of essential enzymes. 

Increased duration of exposure to arsenic at a given concentration leads to a reduction in 
adverse effects experienced by aquatic organisms, and they have been shown to develop 
tolerance. The response of organisms to arsenic is reduced by pre-exposure, and organisms 
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may become gradually acclimated to high concentrations of arsenic in aquatic ecosystems. 
Although inorganic arsenic does not accumulate in aquatic organisms, various forms of 
arsenic are lipid-soluble and therefore accumulate, in fatty tissue. Arsenic accumulation is 
usually higher in algae and invertebrates than in fish, though bottom-feeding fish are most 
likely to accumulate arsenic. Humans are more sensitive to arsenic than are aquatic 
organisms; therefore, consumption of contaminated products can pose a health risk to 
humans.  

Based on the baseline conditions, the WHO guidelines for drinking water indicate that the 
levels of As should never be above 0.01 mg/l. However it must be noted that the guideline 
value is designated as provisional (on the basis of treatment performance and analytical 
achievability) in view of the considerable uncertainties over the actual risk at low 
concentrations (WHO, 2011). In addition, it must be noted that natural concentrations can be 
elevated (up to 12 mg/l) in areas containing natural sources (WHO, 2011), as seen for the 
results obtained from monitoring data for the NLGM site. As the natural levels of As are 
above the recommended WHO guidelines (for drinking water), it is recommended that 
management options should allow for water qualities to be kept at baseline levels. 

Iron: Iron is naturally released into the environment from weathering of sulphide ores (pyrite, 
FeS) and igneous, sedimentary and metamorphic rocks. Leaching from sandstones releases 
two iron oxides and iron hydroxides to the environment. Iron is also released into the 
environment by human activities, mainly from the burning of coke and coal, acid mine 
drainage, mineral processing, sewage, landfill leachates and the corrosion of iron and steel. 

The toxicity of iron depends on whether it is in the ferrous or ferric state, and in suspension 
or solution. Although iron has toxic properties at high concentrations, inhibiting various 
enzymes, it is not easily absorbed through the gastro-intestinal tract of vertebrates. On the 
basis of iron's limited toxicity and bio-availability, it is classified as a non-critical element. Iron 
is an essential micronutrient for all organisms, and is required in the enzymatic pathways of 
chlorophyll and protein synthesis, and in the respiratory enzymes of all organisms. It also 
forms a basic component of haeme-containing respiratory pigments (for example, 
haemoglobin), catalyses, cytochromes and peroxidases. Under certain conditions of 
restricted availability of iron, photosynthetic productivity may be limited. 

Iron criteria for the natural aquatic environment are based on dissolved iron concentrations. 
Because iron may occur in different forms in water, for example, in the oxidised or reduced 
states, in the dissolved state, as suspended particles, and as complexes with other 
substances, analyses need to take account of the relative proportions of each of these 
states. The iron concentration should not be allowed to vary by more than 10 % of the 
background dissolved iron concentration for NLGM, at a specific time. 

The primary purpose of Fe is forming haemoglobin (the molecule that binds oxygen) in red 
blood cells, which carry oxygen around the body. Excess Fe intake slowly builds up in 
various parts of the body, including the liver, heart and pancreas gland, and it becomes toxic 
to these organs. Eventually, these organs may become permanently damaged by the excess 
iron in them. Excess Fe hinders the body's immune system, leaving a person prone to 
infections and illness. 
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Table 6-20: Water quality assessment (1), March 2013 

Parameter pH F HCO3 CO3 Cl NO2 NO3 SO4 

Ortho PO 4 as 
PO4 

NH3 as 
N NH4 Mn Cr Cu Ni Cd 

Unit - mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
WHO 

Guidelines 
6.5-
9.5  1.5        250    3    50    250   -     0.4  0.05   2 0.07  0.003   

Liberian Class 
2 

6.0-
9.0 ≤ 1.5     

≤ 
350.0 

≤ 
0.5 

≤ 
60.00 

≤ 
200 ≤ 0.02     ≤ 0.3 ≤ 0.5 ≤ 0.1 ≤ 1.0 ≤ 0.001 

Liberian Class 
3 

5.5-
9.0 ≤ 2.0     

≤ 
450.0 

≤ 
1.0 

≤ 
80.0 

≤ 
250 ≤ 0.05     ≤ 0.8 ≤ 0.8 ≤ 0.2 ≤ 0.1 ≤ 0.01 

TSFDS1 SW 6.7 <0.05 39. <12 2.3 <0.5 0.3 0.45 <0.06 0.18 0.22 0.12 <0.002 0.0032 <0.001 <0.0001 
NVSW1 SW 7. <0.05 20. <12 2.7 <0.5 <0.1 0.52 <0.06 0.16 0.19 0.2 <0.002 0.0021 <0.001 <0.0001 
JAVSW1 SW 6.7 0.09 20. <12 1.5 <0.5 0.2 0.45 <0.06 0.2 0.24 0.12 <0.002 <0.0009 <0.001 <0.0001 
DSW1 SW 6.7 <0.05 26. <12 1.2 <0.5 0.5 0.83 <0.06 0.26 0.32 0.053 <0.002 <0.0009 <0.001 <0.0001 
DSW2 SW 6.7 <0.05 23. <12 1.5 <0.5 0.2 0.44 <0.06 0.24 0.29 <0.002 <0.002 <0.0009 <0.001 <0.0001 
DSW3 SW 6.6 <0.05 20. <12 1.6 <0.5 <0.1 0.49 <0.06 0.37 0.45 <0.002 <0.002 <0.0009 <0.001 <0.0001 
DSW4 SW 6.4 <0.05 23. <12 1.9 <0.5 <0.1 0.24 <0.06 0.28 0.34 <0.002 <0.002 <0.0009 <0.001 <0.0001 
DSW5 SW 5.8 <0.05 16. <12 1.1 <0.5 <0.1 0.33 <0.06 0.22 0.27 <0.002 <0.002 <0.0009 <0.001 <0.0001 
DSW6 SW 6.5 <0.05 69. <12 3.2 <0.5 <0.1 0.32 <0.06 2 2.4 0.01 <0.002 0.0009 <0.001 <0.0001 
SWM1 SW 6.5 0.11 20. <12 1.5 <0.5 <0.1 0.35 <0.06 0.26 0.32 <0.002 <0.002 <0.0009 <0.001 <0.0001 
SWM2 SW 6.7 <0.05 <12 <12 1.3 <0.5 0.6 0.99 <0.06 0.34 0.41 0.12 0.004 <0.0009 0.007 <0.0001 
JAKBH1 BH 7.7 0.14 118. <12 1.5 <0.5 1.5 0.65 <0.06 0.14 0.17 0.014 0.004 <0.0009 <0.001 <0.0001 
JAVBH1 BH 6.2 0.06 33. <12 2.9 <0.5 10. 0.81 <0.06 0.15 0.18 0.017 <0.002 0.025 <0.001 <0.0001 

Minimum 5.8 0.09 16. 0. 1.1 0. 0.2 0.24 0. 0.16 0.19 0.01 0. 0. 0.01 0. 
Maximum 7. 0.11 69. 0. 3.2 0. 0.6 0.99 0. 2. 2.4 0.2 0. 0. 0.01 0. 
Average 6.57 0.1 27.6   1.8   0.36 0.49   0.41 0.5 0.1 0. 0. 0.01   

*Values highlighted in light pink are above the recommended WHO drinking water limits 

**Values highlighted in brown are above the recommen ded limits in the Liberian Class 2 guidelines 

***Values highlighted in light purple are above the recommended limits in the Liberian Class 3 guidelines 
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Table 6-21: Water quality assessment (2), March 2013 

Parameter Pb As Se B Hg TDS TSS Faecal Col E. Coli O2 (aq) Al Fe Mg  Na 
T 

Hardness 

Unit mg/l mg/l mg/l mg/l mg/l mg/l mg/l CFU/100mL CFU/100mL mg/l mg/l mg/l mg/l mg/l mg/l 
WHO 

Guidelines  0.01    0.01    0.01   0.5 0.006 1000 - 0  0    250    0.2    0.3   -  200   - 
Liberian Class 

2 ≤ 0.1 ≤ 0.05 - ≤ 1.0 ≤ 0.005 
≤ 

1000.00 
≤ 

30.0 0 - - - ≤ 1.5 
≤ 

1.0 - ≤ 300 
Liberian Class 

3 ≤ 0.1 ≤ 0.2 - ≤ 1.0 ≤ 0.01 ≤ 1200 ≤ 50 ≤ 5 - - - ≤ 2.0 
≤ 

1.0 - ≤ 600 

TSFDS1 SW <0.0005 <0.0005 <0.002 <0.002 <0.0001 34 <21 10 No Growth <5 0.09 0.77 0.6 1.5 5 

NVSW1 SW 0.0006 <0.0005 <0.002 <0.002 <0.0001 22 <21 40 No Growth 10 <0.02 0.33 0.6 1.5 5.4 

JAVSW1 SW <0.0005 0.0016 <0.002 <0.002 <0.0001 26 <21 100 No Growth 11 0.03 0.51 0.78 1.3 6.7 

DSW1 SW <0.0005 0.011 <0.002 <0.002 <0.0001 <21 <21 No Growth No Growth 6.5 0.06 0.39 0.68 1.4 5.8 

DSW2 SW <0.0005 0.0016 <0.002 <0.002 <0.0001 80 110 No Growth No Growth <5 0.14 0.39 0.67 1.6 5.4 

DSW3 SW <0.0005 <0.0005 <0.002 <0.002 <0.0001 56 100 No Growth No Growth 6.2 0.08 0.32 0.78 1.7 6.4 

DSW4 SW <0.0005 <0.0005 <0.002 <0.002 <0.0001 36 <21 No Growth No Growth 5.2 <0.02 0.64 1.4 1.7 8.4 

DSW5 SW <0.0005 <0.0005 <0.002 <0.002 <0.0001 22 <21 No Growth No Growth 11 0.03 0.24 0.51 1.3 3.8 

DSW6 SW <0.0005 0.0007 <0.002 0.006 <0.0001 124 44 No Growth No Growth 6.8 0.08 3.2 3.1 2.9 30 

SWM1 SW <0.0005 0.0005 <0.002 <0.002 <0.0001 <21 175 30 30 6.3 0.04 0.41 0.67 2 6 

SWM2 SW <0.0005 0.036 <0.002 <0.002 <0.0001 26 56 100 100 6.2 0.07 0.57 0.77 1.6 6.5 

JAKBH1 BH <0.0005 <0.0005 <0.002 <0.002 <0.0001 62 <21 No Growth No Growth 6.4 0.02 <0.05 1.2 1.8 86 

JAVBH1 BH <0.0005 <0.0005 <0.002 <0.002 <0.0001 <21 <21 No Growth No Growth 9.2 <0.02 <0.05 0.74 2.2 9.7 

Minimum 0. 0. 0. 0.01 0. 22. 44. 10. 30. 5.2 0.03 0.24 0.51 1.3 3.8 

Maximum 0. 0.04 0. 0.01 0. 124. 175. 100. 100. 11. 0.14 3.2 3.1 2.9 30. 

Average 0. 0.01   0.01   47.33 97. 56. 65. 7.69 0.07 0.71 0.96 1.68 8.13 

*Values highlighted in light pink are above the recommended WHO drinking water limits 

**Values highlighted in brown are above the recommen ded limits in the Liberian Class 2 guidelines 

***Values highlighted in light purple are above the recommended limits in the Liberian Class 3 guidelines 
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6.15 Socio-economic 

During the compilation of the original ESIA a social baseline survey was conducted as part 
of the socio-economic impact assessment (SIA). A preliminary site visit to the project area 
was conducted in August 2010. Primary data collection was subsequently undertaken during 
March and April 2011. This included the collection of baseline demographic and socio-
economic information through a standardised survey. The survey took the form of a census 
in villages of Kinjor and Larjor, and a sample survey in surrounding villages of Jikandou, 
Jawajei, Zolu, Bayima and Mono. A survey of businesses was also undertaken in Daniels 
Town and Sinjé, the closest towns to the project site, to gain insight into local economic 
opportunities and the availability of goods and services.  

For the detailed results of the SIA conducted by Golder, please refer to the original ESIA 
compiled by Golder in 2012. 

The SIA completed in 2011 focused primarily on the mine and its associated impacts on 
neighbouring communities. During the review of the ESIA, it was highlighted that the access 
road from Daniels Town to the Mine was not assessed and the impacts thereof not 
quantified. 

In 2013, Aureus commissioned Digby Wells to conduct a Social Impact Assessment for the 
access road, known as the Daniels Town – Governmental Public Road from Daniels Town. 
This section summarises the results of the SIA. The SIA report for the access road is 
attached in Appendix I.  

6.15.1 ESIA UPDATE FOR THE NEW LIBERTY GOLD MINE, LIBERIA 

The Daniels Town road is a public / governmental gravel road of approximately 20 
kilometres, and connects the NLGM with the national road network at Daniels Town. The 
road was recently re-graded by Aureus to an all-season laterite road, which improved the 
quality of the road. In addition, three river crossings are yet to be strengthened, and 27 
culverts will be installed. The total duration of the additional works will be approximately one 
month, with all works completed during 2013.  

Considering that the Daniels Town road leads to the NLGM access road, it has been 
carrying heavy mining-related traffic (in addition to public traffic) since the first quarter of 
2013, and will continue to do so until the completion of the closure / decommissioning phase 
of the NLGM. The road traverses a number of villages, all of which fall within the Garwula 
and Gola Konneh District. The public road is classified as a secondary road and has a Right 
of Way (RoW) of 75 feet (ft) either side of the centre line of the road. The RoW is supposed 
to be void of any individually or communally owned assets. The prohibition against 
encroachment into the RoW has, however, not been effectively enforced by the Liberian 
Government. 
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6.15.1.1 Methodology 

The methodology employed for the purposes of the SIA was designed so as to comply with 
national legislative requirements, as well as relevant international best-practice standards, 
notably the IFC PS. 

Study areas were defined for this SIA based on the type of social impacts that each area is 
likely to experience as a result of the use of the Daniels Town public road for activities 
related to NLGM (fleet movement, delivery of supplies, etc.).  Generally, the social impacts 
of a project can be divided into three broad categories, as follows: 

■ Impacts related to the physical intrusion  of project infrastructure and project-
related activities  on the surrounding environment (which may include socio-
economic impacts arising from land acquisition, noise, dust, vibration and changes in 
the visual characteristics of the landscape); 

■ Impacts related to the “economic pull”  exerted by the project (including job 
creation, an influx of workers and job-seekers into the project area, as well as the 
concomitant risk of increased social pathologies and community conflict); and 

■ Indirect  or induced  impacts that are by-products or ripple-effects of the impacts in 
the foregoing two categories. These could include increased pressure on local 
services and resources (as a result of population influx), multiplier effects in the local 
and regional economy (as a result of the creation of new jobs and project-related 
expenditure), macroeconomic benefits of the project and benefits derived from 
corporate social investment by the project proponent. 

Accordingly, three concentric and interdependent study areas were identified for the 
purposes of this study, corresponding to the three categories of impacts listed above. These 
study areas are defined below; each one encompasses its predecessor and exceeds it in 
scale: 

■ The site-specific study area  – the area likely to experience impacts related to the 
physical intrusion by project infrastructure and project-related activities. This study 
area is defined as the settlements located immediately adjacent to the Daniels Town 
public road (refer to Table 6-22); 

■ The local study area  – the area likely to experience impacts related to the 
“economic pull” exerted by the project. This study area is defined as the Garwula and 
Gola Konneh Districts; and 

■ The regional study area  – the area likely to experience the indirect or induced 
impacts of the project. This area is defined as the Grand Cape Mount County; 
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Table 6-22: Settlements constituting the site-specific study area (from north to south) 4 

Village number  Village name  Village Chief  Clan  
1 Silent Hill Morris Manbollah Darblo 
2 Vai Town Mohammed Freeman Darblo 
3 Black Diamond Jatu Peter Darblo 
4 B52 Samuel Khollie Manobala 
5 Gbarnga and Dolo Richard Vaii Kiazolu 
6 Safula Town Jusu Sheriff Kiazolu 
7 Bonoboy Faday Freeman Kiazolu 
8 Geda Musa Sambola Kiazolu 

9 Wako and Kambai Hai 
Yai 

Moses Dennise Kiazolu 

10 Daniels Town Sundaful Massaley Kiazolu 

 

6.15.1.1.1 Data collection 

The information presented in this document was obtained through the following data 
collection activities: 

A desktop review  of available documents to obtain relevant baseline socio-economic 
information on the different study areas.  Documents reviewed include the following: 

■ Previous studies and reports concerning the NLGM, including the EIS and Socio-
economic Baseline Report compiled by Golder Associates during 2011 / 2012, and 
the RAP compiled and finalised by Digby Wells during October 2012; 

■ Other relevant literature that enhanced the specialists’ understanding of both the 
socio-economic environment and the social factors that come into play during a 
project such as the one under consideration (including publications by the 
Government of Liberia reporting on the socio-economic and infrastructural advances 
accomplished in the country during the recent past); and 

■ Available maps and satellite imagery. 

Scoping site visit  undertaken in March 2013, which allowed the specialists to (a) gain an 
appreciation for the project area, as well as the surrounding social environment, (b) identify 
potential risks, impacts and issues to be investigated during the impact assessment phase of 
the study, (c) identify important stakeholders to be consulted during the SIA process, and (d) 
estimate the extent of possible physical and economic displacement. Activities conducted 
during the scoping site visit included the following: 

■ Community mapping of the settlements and agricultural fields along the entire length 
of the road, in order to map the location of villages and other human activities; 

                                                

4 In the case of Gbarnga and Wako, there are small extensions to the village (Dolo and Kambai Hai Yai, 
respectively) that have adopted their own names. Due to their proximity to the main village, however, they are 
being considered as one unit.   
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■ Rapid asset survey, which entailed obtaining spatial and photographic records of all 
structures and land uses within 50 metres (m) either side of the Daniels Town public 
road; 5 

■ Video recording of the length of the road; 

■ Consultation with all villages situated along the road, which allowed the specialists to 
(a) introduce themselves and the project proponent, (b) inform the villagers and land 
users of the purpose of the specialists’ visit to the area,6 and (c) verify and elaborate 
on secondary information regarding the local socio-economic conditions; and 

■ Focus group discussions (FGDs) with six of the larger villages along the road, aimed 
at obtaining information regarding village intricacies, land ownership, demographics, 
livelihood activities (mostly subsistence farming and logging), village resources, and 
experiences related to previous roadworks. FGDs were also held with officials 
managing the market in Daniels Town, and the Logging Association (the Liberian 
Chainsaw and Timber Dealer Union) active in the area. 

Investigative site visit  undertaken in May 2013, which allowed the specialists to (a) obtain 
information from the relevant government authorities about the prescribed Right of Way 
(RoW) (or servitude) of the Daniels Town road, as well as other aspects relating to the RoW 
(management of encroachment and procedures for clearing the RoW of human presence), 
(b) communicate a notification to communities in order an attempt to prevent the 
construction of structures, clearing of fields and other activities along 10m either side of the 
road in order to minimise the probability of speculative building, influx and encroachment (in 
anticipation of the requirement to clear the RoW of all structures and livelihood activities), 
and (c) conduct a survey of structures and other land improvements in close proximity of the 
road. Activities conducted during the investigative site visit included the following: 

Interviews with relevant government officials (see Table 6-24); 

■ Distribution of an information pamphlet to all villages along the road, as well as 
meetings with each of the villages to both explain the contents of the pamphlet and 
answer questions about its contents (see Table 6-23 and Table 6-24);7 and 

                                                

5 The specialists opted for a survey area of 50m because (a) it is unlikely that settlements beyond this will be 
directly impacted by the road usage for mining purposes, and (b) to pre-empt the requirement for another site-
visit to collect additional information.  
6 The message conveyed in this regard was that Digby Wells has been appointed by Aureus to establish a 
database of human activity and structures next to the Daniels Town public road, and that this database will be 
used for future planning purposes. Digby Wells deliberately omitted commenting on possible impending 
resettlement or compensation. The communities were informed that Digby Wells will return at a later date in order 
to collect more detailed data.  
7 The main message conveyed via the abovementioned pamphlet was that (a) no new structures or assets 
should be established within 10m either side of the public road, (b) the data to be collected by Digby Wells (in 
collaboration with Earthcons) will be used for planning purposes and consultation with the government, and (c) if 
one is surveyed, it does not necessarily mean that one will be affected in any way. The decision to limit the 
notification of the area to 10m either side of the road was based on preliminary information received regarding 
the road’s RoW.  
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■ Comprehensive asset survey of all structures, agricultural fields, economic trees and 
graves situated within 50m either side of the Daniels Town public road.8  The 
outcome of this activity is a complete, spatially-referenced database of all 
community-owned assets located within 50m of the road.  

Table 6-23: Community consultations conducted as part of the specialist study  

Village / organisation Introductory  
consultation 

Focus Group 
Discussion 

Information 
session (pamphlet)  

Silent Hill 27 March 2013 27 March 2013 4 May 2013 

Vai Town 28 March 2013 - 4 May 2013 

Black Diamond 28 March 2013 - 4 May 2013 

B52 27 March 2013 27 March 2013 4 May 2013 

Gbarnga and Dolo 27 March 2013 27 March 2013 4 May 2013 

Safula Town 28 March 2013 - 8 May 2013 

Bonoboy 29 March 2013 - 4 May 2013 

Geda 27 March 2013 27 March 2013 4 May 2013 

Wako and Kambai Hai Yai 27 March 2013 27 March 2013 (2) 4 May 2013 

Daniels Town 28 March 2013 28 March 2013 5 May 2013 

Daniels Town market representatives 28 March 2013 28 March 2013 - 

Liberian Chainsaw and Timber 
Dealer Union 

28 March 2013 28 March 2013 - 

Table 6-24: Government consultations conducted as part of the specialist study 

Date Interviewee Designation 

3 May 2013 George Yango Assistant Minister of Rural Development, Ministry of Public Works 

10 May 2013 
Samuel F Kpakio 

Robert TK Mensah 

Director of Zoning, Ministry of Public Works 

Chief Demolition Officer, Ministry of Public Works 

6.15.1.1.2 Compilation of a baseline socio-economic profile 

On the basis of the information collected through the desktop review and the various 
activities undertaken during the aforementioned two site visits, a socio-economic baseline 
profile of the study area was compiled. The profile includes information on all three study 
areas and considers the political environment, land tenure, use and ownership, the 
administrative structure, demographics, infrastructure and services, the economic climate, 
employment, policing, human rights, gender-based violence (GBV), and vulnerability.  

                                                

8 The questionnaire used was the same as the one used to compile the existing NLGM RAP, thereby facilitating 
the incorporation of new data into the existing database.  Both spatial and photographic records were kept of all 
surveyed assets.  
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6.15.1.1.3 Identification of risks and impacts  

A number of risks, and potential socio-economic impacts that may arise from the use of the 
Daniels Town public road for mine-related activities (such as the delivery of goods, provision 
of services and transport of people) were identified based on the baseline socio-economic 
profile, consultations that took place for the purposes of the SIA, as well as specialist 
opinion. The predicted impacts are categorised according to the NLGM project phase 
(construction, operation and decommissioning) in which they are likely to occur,9 and 
classified as either positive or negative.  

6.15.1.1.4 Site specific study area 

A total of ten villages and towns comprise the local study area. In addition, there is one 
abandoned settlement called Saidu located between Daniels Town and Wako. The 
estimated population of each of the villages is shown in Table 6-25, which indicates that 
Daniels Town is by far the largest settlement, followed by Gbarnga, Wako and Geda.   

Table 6-25: Estimated population of roadside settlements in 2013 

Settlement name Estimated number of 
individuals 10 

Estimated number of 
households 11 

Daniels Town 3000 -  
Gbarnga and Dolo 175 38 
Wako and Kambai Hai Yai 166 11 
Geda 120 10 
B52 75 29 
Silent Hill 60 9 
Vai Town 25 7 
Bonoboy 25 6 
Safula Town 6 2 
Black Diamond 4 1 
Total 3656 - 

These villages and towns can be broadly categorised as follows: 

The peri-urban Daniels Town , the southern-most settlement in the study area. The town 
was established around 1965 as a halfway house for travellers;  

■ Rural villages  where the dominant livelihood is subsistence agriculture , which 
includes Gbranga, Wako, Geda, Safula Town, Vai Town, Black Diamond and 
Bonoboy; and  

■ Rural logging camps , including Silent Hill and B52.  

                                                

9 These project phases refer to the phases of the NLGM. The Daniels Town public road will be used for the 
duration of the NLGM. 
10 These estimates were received from participants of the FGDs and consultations. 
11 These estimates are based on asset survey data. No estimation is provided for Daniels Town as it is the only 
settlement that extends far beyond the asset survey area. Thus, survey data could not be used to determine the 
approximate number of households. It should be noted that the asset survey focused on asset owners, and not 
household heads, with the implication that the estimated number of households may be slightly inflated.  
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The communities in the site-specific study area have not escaped the conflicts of the civil 
war, nor the disruption to infrastructure and services, population displacement, and resulting 
poverty. Many people left the established older villages in the area for a time, only returning 
in the last approximately five years or so to reclaim and rebuild their homesteads and land. 
Damages to previously existing infrastructure and loss of subsistence patterns of life have 
impacted the potential to regain former livelihoods. The lack of development or job 
opportunities have encouraged many of the younger generation to leave agricultural-based 
villages in search of better education and livelihood opportunities, often in Monrovia. 

A summary of the assets and land improvements at various distances from the road is given 
in Table 6-26, while further details on these assets and their owners are provided in the 
following sub-sections. 

Table 6-26: Assets and land improvements in the vicinity of the road 12 

Type of asset 
Distance from the road centreline 

15m 20m 25m 55m 

Structures 76 112 143 256 

Primary residence 41 64 80 135 

Secondary residence 7 12 16 24 

Kitchen 12 15 19 40 

Shower 5 6 9 31 

Toilet 1 1 1 3 

Recreation / meeting 0 1 1 2 

Storage 1 2 3 3 

Chicken coop 0 1 1 2 

Business 5 6 6 6 

Basic wooden frame 3 3 3 5 

Teacher's accommodation 1 1 1 1 

Combined school and teachers' accommodation 0 0 1 2 

Church 0 0 1 1 

Communal hand pump 0 0 1 1 

Agricultural fields 13 12 17 25 93 

Economic trees 709 1 426 2 784 6 704 

Graves 0 2 2 7 

Market stalls 14 16 22 23 57 

                                                

12 The figures presented are cumulative, meaning that the number of assets reported to be within the 20m radius 
includes those assets in the 15m radius, and the assets in the 25m radius to include those in both the 15m and 
20m distances. A detailed database of these assets is available. This database includes photographic and spatial 
records of every asset, as well as detailed information (such as the size and construction materials of structures, 
the sizes of agricultural fields, crops per field, whether economic trees are bearing or not, etc.).  
13 All agricultural fields in the 15m, 20m and 25m distances areas are smaller than 0.1 ha.  
14 These are all informal market stalls located in Daniels Town. 
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Type of asset 
Distance from the road centreline 

15m 20m 25m 55m 

Cell phone tower 15 1 1 1 1 

6.15.1.1.5 Demographics 

Population distribution and growth 

The populations of Daniels Town and the logging camps tend to be more diverse than that of 
the other rural villages. In the case of Daniels Town, this is largely attributable to the 
economic opportunities that exist in the town, drawing people from other areas in the county, 
Liberia as a whole, as well as neighbouring countries (most notably Sierra Leone, Guinea 
and Ivory Coast). The loggers, too, represent a largely migrant population. The populations 
of the rural villages tend to be more homogenous, partially attributable to the fact that these 
villages were established long before the logging camps were, and did not hold many 
economic opportunities, thus limiting influx into villages.  

The population of most villages are on the increase, on the one hand by virtue of natural 
population growth, and on the other hand as a result of economic and employment 
opportunities offered by especially the construction activities related to the NLGM, Daniels 
Town and the logging camps.     

Where the gender distribution is uneven, females tend to outnumber males in subsistence-
based villages, whereas males outnumber females in logging camps. This is due to out-
migration and in-migration, respectively. Many young men have left subsistence agricultural 
villages in search of employment opportunities, either locally in Kinjor, or further afield, 
leaving females and the older generation at the homestead. This trend also resulted in a 
higher proportion of young settling within logging villages, such as Silent Hill and B-52. In 
addition to an uneven gender distribution, these migratory trends have resulted in extended 
family networks across villages, districts, counties and even countries, especially in newer 
villages. 

Religion and language 

The most common religions in the site-specific study area are Christianity and Islam. The 
relationship between members of the two religions is largely harmonious. Animist beliefs and 
practices are common among the agricultural villages where the sacrifice of chickens or 
sheep is common when there is a death or birth in the village, when a new structure is 
erected or at the beginning of the harvesting season.  

The most commonly spoken languages in the site-specific study area are English, Vai, Pele, 
Gola and Madinga, although a number of other languages are also spoken by the migrant 
population. The level of proficiency in English is usually tied to the level of education a 
person has received.  

                                                

15 At the time of writing the report, it was yet to be determined who commissioned the construction of the tower.  
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6.15.1.1.6 Land uses 

The land use in the site-specific study area is similar to that of the NLGM project area, with 
the exception of artisanal mining. Dominant land uses include rural and peri-urban 
residential areas (Daniels Town being the only peri-urban area) (see Figure 6-25), 
plantations (mostly palm trees and pineapples), and cultivated agricultural fields (most 
commonly cassava, banana, plantain, peppers, rubber trees, sugarcane, maize and 
vegetables) (see Figure 6-26). There are also a number of cleared, but not yet cultivated 
fields along the road. These areas have been cleared by using a slash and burn technique. 
The market in Daniels Town also constitutes a significant land use; market stalls consume 
the intersection between the Daniels Town public road and the tar road running through 
Daniels Town (see Figure 6-27). 

Another prominent land use alongside the road is tree logging. Loggers rely heavily on the 
road to transport their timber to Monrovia. Tree logging and processing takes place about 40 
to 50 minutes’ walk from the road due to the fact that previous logging activities have 
exhausted the tree resources close to the road. 

Finally, there are two schools and two churches located in relatively close proximity to the 
road (between 5m and 15m).  

 

 

Figure 6-25: A typical rural residential area 
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Figure 6-26: Cultivated cassava field 

 

 

Figure 6-27: Daniels Town market 

 

Land ownership 

Land ownership in most villages is regulated by the town chief, who has the authority to 
allocate land. It is usually the duty of village elders to resolve land disputes.  

Use of natural resources 

All the villages in the site-specific study area are dependent on natural resources found in 
their environment, most importantly for sustenance. Subsistence agriculture is the life line of 
most villages along the road: some villages rely primarily on their harvests for the supply of 
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food, and in the case that a surplus is available, for income. Logging camps are also reliant 
on agriculture, to varying extents.  

In addition to growing crops, most households also rely on an array of trees to supplement 
their diets (such as mango, plantain, banana and pawpaw trees), to provide an income 
(through plantations of rubber or palm trees) or for medicinal purposes (such as the “fever 
tree”).  Other natural resources, such as wild fruit, mushrooms and herbs are also used to 
supplement meals.  

Although to a lesser extent, villages are also reliant on both fishing and hunting for bush 
meat to supplement their diets and for cash income. Common species hunted include 
groundhog, and anteaters, and methods include traps, guns and knives (see Figure 6-28).  

As mentioned above, logging is also a prominent activity that residents in the site-specific 
study area partake in, both in order to generate an income and for construction purposes. 
Wood is also used for the production of charcoal, which is the most common source of 
energy for cooking purposes (see Figure 6-29). There is thus also a reliance on bush or 
jungle areas.   

 

 

Figure 6-28: Local hunter 
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Figure 6-29: Preparation for charcoal production 

6.15.1.1.7 Livelihoods 

Predominant livelihood activities in the area under consideration include subsistence 
agriculture, logging, charcoal production and petty trading. The only major employer in the 
area is the NLGM project; other employment is mostly restricted to informal business 
activities and logging.  

Agriculture 

Due to the lack of formal employment opportunities, people rely heavily on subsistence 
agricultural production.  The most common crop grown is cassava, followed by rice and 
pepper. Okra, yams, beans, potato greens and eggplant are also common, while a few 
households also grow pineapples, plantain, tomatoes, potatoes and bitter ball. The majority 
of this produce is used for household consumption, while the rest is traded within villages or 
at Daniels Town market. 

Areas for the cultivation of subsistence crops are prepared through slash-and-burn (see 
Figure 6-30). These areas range from small household plots to large areas ranging between 
6 and 12 hectares. Preliminary data indicates that there are 95 agricultural fields and 65 
vegetable gardens located within the survey area.  
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Figure 6-30: Slash and burn field preparation 

Livestock husbandry is uncommon amongst the households in the site-specific study area; 
of the 168 households subjected to the asset survey, only 45% indicated that they own any 
type of livestock. Of this 45%, only 12% of households own any livestock other than 
chickens. The importance of goats, ducks and sheep are thus negligible. Households tend to 
rely on chickens and bush meat for protein.  

Logging 

Some of the roadside villages were established as a result of logging activities. Logging is 
regulated by representatives from Liberian Chainsaw and Timber Dealer Union. This 
organisation has representatives on a county and district level, and, in addition to regulating 
logging activities, they represent the plight of the loggers. Loggers usually work in teams of 
six: three chainsaw operators and three assistants. One logger from each team has to be 
registered with the Union; only Liberian nationals are allowed to register. As mentioned 
earlier, there has been a considerable influx of Guinean and Sierra Leonean nationals as a 
result of, inter alia, the opportunities offered by logging. These foreigners are usually 
employed on an assistant level on the logging team. 

Logging activities are practiced relatively deep into the forest (40 to 50 minutes’ walk); a 
result of exhaustion of viable logging trees close to the road. Trees commonly felled in the 
area include Annue, Azoka, Mokoninge and Kausha trees.16 After felling, trees are 
processed into pieces (planks) of timber at the felling site and then carried to the road side 
(see Figure 6-31). Each piece of processed timber earns the logger 65 Liberian dollars (L$). 
Villagers are usually hired to carry these planks to the road, earning them between 60 and 
70 L$ (just less than 1 USD), depending on the distance. Stacks of timber carried to the road 
are then transported to Monrovia, at a cost of 225 L$ or 3 USD per piece, where they are 
sold on average for 550 L$ or 7 USD (this price can vary depending on the type of wood and 

                                                

16 The scientific names of these trees could not be established.  
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transport cost). The net profit on each piece of timber equates to around one American 
dollar. 

Previous roadworks (particularly the re-grading of the road) positively impacted on logging 
activities as a result of improve access to transport and lower transport costs. 

 

 

Figure 6-31: Villager carrying timber from the forest to the side of the road 

 

Petty trading 

There are two types of petty trading prevalent in the site-specific study area, as follows: 

■ Home-based businesses , such as small shops and eateries. Most common of these 
are shops selling an array of products ranging from vegetables to fish, oils, spices, 
tinned food and households goods. Products such as evaporated milk are popular 
and are divided into very small plastic pouches for individual sale, highlighting 
poverty levels amongst the community. This type of business is found in most of the 
larger villages.  

■ Market stalls , mostly in Daniels Town. Although most informal stalls are only open 
for business on market days (Thursdays), the more permanent structures form a kind 
of business hub in Daniels Town and are open for trading on a daily basis. Common 
items sold at the stall include second-hand clothes, shoes and accessories, food 
products such as those available at the home-based businesses, fabric, and other 
miscellaneous items such as tobacco, stationery, kitchen necessities and fuel.  

Waged Employment 

Apart from some loggers, waged employment is limited in the site-specific study area. 
Formal employment opportunities exist only with the NLGM, and informal employment pays 
poor wages. Unemployment is the norm among the communities situated along the Daniels 
Town public road.   
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6.15.1.1.8 Infrastructure and services 

Housing 

Most houses in the site-specific study area are constructed with wooden planks or mud 
bricks, earth floors and zinc or thatch roofing (see Figure 6-32). Most homestead either have 
a separate kitchen, or use a porch area for cooking purposes. Some households have 
separate washing facilities (usually just a screen made of palm leaves or thatch), as well as 
a vegetable garden (in addition to larger agricultural fields located further away from their 
homestead).  

A shortage of housing is also evidenced in several villages where housing plots have been 
demarcated for people who are planning to migrate to the area. 

 

 

Figure 6-32: Typical housing structure 

Water and sanitation 

Water hand-pumps are available in bigger towns such as Daniels Town and Gbranga, 
however, most of these are either not functional or break frequently and thus require 
maintenance. No piped water is available to households in the smaller villages along the 
road; these villages obtain water for household use and consumption from nearby wells or 
creeks (see Figure 6-33). Wells and creeks are often contaminated as they are also used for 
bathing and washing clothes, traffic is sometimes diverted through the creek, and rain water 
drains over open defecation areas into the creek. During the dry season these water sources 
dry up, resulting in a limited water supply, as well as an increase in the saturation of 
contaminants. Most households do not boil water before use as it is too time consuming. 
According to the local population, drinking water from these sources have detrimental health 
effects.  

No formal sanitation facilities are available in any of the affected villages (except for one 
communal toilet in Daniels Town); thus, people defecate in the bush, which, as mentioned 
above, can contaminate water sources.  
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Figure 6-33: Water creek near Grbanga 

Energy 

There is no public provision of electricity in Grand Cape Mountain County. The electricity 
power station in Robertsport provided electric power for the capital prior to the civil war but 
was looted and severely damaged (Golder Associates, 2012). 

No electricity network exists among communities along the Daniels Town public road. Some 
businesses and households supply their own electricity by means of diesel generators (see 
Figure 6-34).  Households rely primarily on batteries for lighting and charcoal and wood for 
cooking.  

 

 

Figure 6-34: Household with diesel generator in Gbranga village 

 

Transport 

Transport is mostly facilitated by motorbikes and taxis, while loggers use trucks to transport 
their timber. The public road under consideration in this report is the only major road in the 
area. All villages use this road to transport their agricultural produce, timber and charcoal to 
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the Daniels Town market and Monrovia. Other road users include students going to school 
and those travelling to health care facilities in Sinjé. 

Most residents noted that the road is too narrow, and therefore unsafe. These residents 
suggested that the road be widened, in order to allow two vehicles to pass each other at a 
safe distance. 

Education 

Despite government and NGO efforts to improve primary education across Liberia, access to 
educational facilities remains a challenge in the rural areas. Financial support of 
infrastructure, basic teaching resources and teacher’s salaries are limited (Golder 
Associates, 2012). 

Educational attainment amongst adults is very low in the site-specific study area, and is 
largely dependent on their socio-economic status (poorer households do not have the 
means to send their children to school and/or usually use children to help out on farms), as 
well as the proximity of households to schools. This is illustrated by the fact that the level of 
education in Daniels Town is the highest among the affected villages: there is a primary 
school located in the Town and a secondary school approximately 10km away, in the town of 
Sinjé. An additional contributing factor is that many of the residents have migrated to Daniels 
Town as adults, and have thus received their education elsewhere where access to and the 
quality of such facilities may have been better. This is also true for most of the logging 
camps, where the educational levels are higher than that of agriculturally-based villages.    

There are three primary schools along the road: one in Geda Village, one in Daniels Town, 
and one in Kambai Hai Yai. The latter is a village, which forms part of Wako, which was 
established as result of the establishment of a primary school.  

Access to these facilities is limited due to the distance from villages and limited transport. 
Children travelling on the road are also exposed to road safety hazards. Children who do not 
attend school remain at the homestead to assist with household tasks.  
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Figure 6-35: School in Geda village 

Health care 

Access restrictions to safe drinking water and insufficient fulfilment of nutritional 
requirements have a significant influence on the health status of the local population. This is 
further exacerbated by the absence of medical facilities alongside the road. There is a 
midwife clinic in Kinjor who treats local women, and many households buy medicine from 
Monrovia for self-medication. However, the nearest clinic on foot from most roadside villages 
is based in Sinjé.  

Malaria is the most common illness, followed by other waterborne diseases (typhoid, cholera 
and other internal parasites) and respiratory illness. The distance to any clinic and the lack of 
transport to travel to clinics have resulted in many households not being able to visit such 
facilities, and instead self-diagnose and medicate in times of poor health. 

Information regarding extent of HIV/AIDS in the area is limited. It is, however, expected that 
the HIV/AIDS prevalence rate might be increasing as the area is experiencing increasing 
population influx as a result of new economic opportunities in the area. 

Telecommunications 

Cell phone reception is not available in most of the area along the public road, and coverage 
is limited to Daniels Town. However, a cell phone tower is being constructed in very close 
proximity to the Daniels Town public road, just beyond the main access road to NLGM, at 
the turnoff to the resettlement site. 

6.15.1.1.9 Graves and sites of cultural significance  

The number of graves in the villages along the road is limited; people are mostly buried in 
the villages where they originate from.  Only three graves within the 50m survey area (that 
is, 50m on either side of the public road) were identified. There is a cemetery in Daniels 
Town, approximately 500m from the intersection with the public road.  
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Only one site of spiritual significance was found during the scoping visit, namely a cultural 
initiation site in Daniels Town. It is unlikely that this site will be impacted on as a result of the 
NLGM project. 

6.15.1.1.10 Attitudes toward the project 

During consultation with members of roadside communities, it was repeatedly mentioned 
that past improvements of the public road (including the recent improvements by Aureus, 
including regarding and instillation of culverts) have had a major impact on the lives of the 
people resident in the site-specific study area. The improved road has led to better access, 
cheaper transport and reduced travel time, which according to community members has had 
a positive impact on community health, education, food security and other services. Logging 
activities have also increased, thus stimulating the local economy somewhat. However, they 
also reiterated that traffic volumes have increased significantly (including logging trucks, 
motorbikes and taxis), and traffic is moving at higher speeds.  This, in combination with the 
nature of the road (narrow with blind rises and corners), has resulted in a higher safety risk 
to all road users, especially bikers, pedestrians and households located close to the road. 
The levels of dust and noise have also increased and pose a nuisance to the households 
adjacent the public road. Residents have requested that the road be widened and that 
additional speed breakers be installed (especially in the vicinity of schools). 

In order to mitigate this Aurues has installed speed humps into the road around settlement 
areas and imposed speed limits for their associated vehicels. 

6.15.1.2 Risks 

6.15.1.2.1 Encroachment into the road Right of Way 

The Daniels Town public road is classified as a secondary road and has a RoW of 23m 
either side of the centre line of the road. The RoW is supposed to be void of any individually 
or communally owned assets, including structures, agricultural fields, economic trees and 
graves. 

However, because transport corridors are also economic corridors, they are attractive sites 
for settlements, roadside enterprises and other economic activities.  As experience 
elsewhere in Africa has repeatedly shown, governments frequently lack the resources to 
effectively control encroachment into the RoWs of public roads.  Moreover, projects involving 
road improvements tend to further increase the attractiveness of such areas, and thus 
frequently attract still more encroachers to settle next to the road. 

This has also been the case with the Daniels Town public road. More than a hundred 
structures and various other kinds of prohibited land uses have been established within the 
RoW of this road.  These range from individual commercial establishments to continuous 
stretches of ribbon developments. 

During consultations undertaken as part of (or concurrently with) this study, the Liberian 
Government expressed the intention to reassert its authority in terms of enforcing the 
prohibition on settlement and other private land uses in the RoW.  It is, however, not 
immediately clear whether the standard 23m RoW will be enforced for the entire length of 
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the road.  It appears that the government is able to apply some measure of discretion, 
depending on the nature of roadside land uses and risks to neighbouring communities.  The 
RoW that the government may enforce is therefore likely to be between 15m and 25m either 
side of the road’s centre line. 

Because the Daniels Town road is a public road, and because the responsibility for 
maintaining the RoW of a public road lies with government, Aureus has understandably not 
taken responsibility for the controlling of encroachment or moving people out of the RoW.  
However, the company is cognisant of the fact that its actions in terms of improving the road 
have a twofold effect that exacerbates the problem faced by government authorities: 

As stated above, the road improvements have made the area more accessible, and have 
thus stimulated greater influx into roadside settlements – including settlements infringing on 
the RoW; and 

On the other hand, the road improvements have allowed for greater travelling speeds, thus 
increasing the risk of accidents involving members of roadside communities.  (Although 
vehicles belonging to Aureus and its contractors are subject to strict speed limits, there are 
many other users of the road who do not necessarily follow such strictures, notwithstanding 
the speed breaks established by Aureus.) This intensified safety risk increases the urgency 
for effective enforcement of the RoW and its proposed mitigation measures. 

Aureus is therefore in the process of negotiating a Memorandum of Agreement with the 
Liberian Government that addresses, amongst other things, the nature and extent of the 
company’s involvement in the future enforcement of the RoW.  This Memorandum of 
Agreement will in all likelihood state that the prime responsibility for enforcing the RoW will 
remain with Government, although Aureus may provide some form of assistance. 

While Aureus is undoubtedly within its rights to prefer that the Liberian Government take the 
lead in enforcing the RoW, this decision inevitably exposes the company to a measure of 
risk, for the following reasons: 

■ Aureus will have very limited control over the timeframes  in which government will 
resettle. It may happen that government does not act as quickly as required, which 
prolongs Aureus’ exposure to safety risks associated with having a human presence 
in close proximity to the Daniels Town public road; and 

■ Actual or perceived inconsistencies in the manner in which resettlement is 
undertaken at the mine site and along the road may lead to community discontent  
and possible opposition to the project. The NLGM RAP stipulates fair compensation 
packages for persons displaced by mining activities.  It does not, however, stipulate 
any compensation for persons moved out of the public road’s RoW by government.  
Government officials are likely to be very resistant to the provision of compensation 
or resettlement assistance to those who have encroached on the RoW, viewing such 
measures as counterproductive to their efforts to discourage the illegal use and/or 
occupation of public property. They are understandably worried about setting 
precedents that will establish expensive new entitlements, and may undermine legal 
property systems by encouraging a new influx of public land invaders, particularly by 
urban migrants.  Thus, it is likely that those persons relocated out of the road’s RoW 
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will receive very much less compensation than those relocated out of the mine site – 
if they receive any compensation at all. 

6.15.1.2.2 Lack of project benefits to roadside communities 

Very few of the residents of roadside communities will receive employment opportunities 
from Aureus or its contractors.  Where employment opportunities are made available to 
locals, these will in all likelihood be taken up by persons living in the vicinity of the mine site.  
While this preference is a valid one (given that communities close to the mine will bear the 
brunt of the project’s impacts), it may create the impression among roadside communities 
that they are being treated unfairly.   

The risk is that this may impact negatively on the relationship between Aureus and roadside 
communities. 

6.15.2 RAP Amendment 

6.15.2.1 Introduction 

Development of the NLGM will require the resettlement of two relatively small ‘towns’17 of 
Kinjor and Larjor. 

Kinjor and Larjor towns will be directly affected by the proposed NLGM as they are currently 
located within or adjacent to the proposed mine pit. Development of the NLGM will require 
the resettlement of 325 property owners and their households, as well as the replacement 
and/or compensation of dwelling- and business structures, community facilities, economic 
trees agricultural fields, graves and sacred sites located within the proposed mine footprint 
and associated 500m blasting zone. 

Aureus has committed to implement the resettlement in accordance with applicable Liberian 
laws and regulations, as well as the International Finance Corporation’s (IFC) Performance 
standards (PSs). The Project, therefore, requires a comprehensive Resettlement Action Plan 
(RAP) to address its resettlement impacts. The RAP determines the principles, objectives, 
procedures and actions that will be implemented prior to, during and after the resettlement of 
the Kinjor and Larjor project affected people and assets.  

The original scope of the RAP was determined by the 2011 project design parameters as 
described in the EIS. Mine optimisation studies were completed in 2012, which resulted in 
changes to the mine designs, as well as the location of site infrastructure. The 2012 RAP 
was amended to incorporate resettlement impacts associated with the changed mine plan. 
The current RAP amended report, therefore, addresses all resettlement impacts associated 
with the proposed NLGM in line with the project design parameters of January 2013.  

                                                

17 The RAP will use the term ‘town’ throughout the report in accordance with the Liberian administrative 
grouping, although the towns in the vicinity of the project could more accurately be described as small villages. 
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6.15.2.1.1 Asset surveys 

Upon identification of the need for involuntary resettlement resulting from the development of 
the NLGM, Aureus commissioned an asset assessment to identify the persons affected by 
the Project and determine who will be eligible for compensation and resettlement assistance. 
The asset survey was undertaken during February 2012 and March 2012. Each structure 
was marked (painted with a unique number (e.g. K-001)) and assessed accordingly. The 
building materials, number of rooms and dimensions of each structure were recorded. A 
GPS co-ordinate was taken for each structure with a photograph of the owner and structure. 
The Kinjor and Larjor town chiefs were approached to assist with the settling of ownership 
disputes. The asset surveys were updated in May 2013 to include areas that will be affected 
as a result of the changed mine plan. 

In-field investigations were undertaken to locate and record all agricultural fields, economic 
trees and/or plantations within the NLGM 500 meter blasting zone. Fields and crops were 
assessed in the presence of the rightful owner. Property owners were required to sign-off on 
their individual asset inventories, while inventories were co-signed by the relevant quarter 
chief. The town chiefs, Aureus community liaison officer, as well as the Kinjor pastor and 
imam, signed for the respective community structures. A grave register was established for 
all known graves in Kinjor and Larjor respectively. The grave register will be updated prior to 
physical resettlement.  

6.15.2.1.2 Settlement Impacts 

The development and operation of the NLGM will have both positive and negative impacts 
on the socio-economic environment in the broader project area, as well as at the district and 
national level. The positive impacts mainly relates to the economic advantages associated 
with the Project. This will be achieved through the payment of taxes and royalties, increased 
employment opportunities, training, purchase of goods manufactured and/or supplied in 
Liberia, cash compensation for farms, commercial opportunities and an improvement in local 
infrastructure at the new resettlement site. The development of the Project will bring much 
needed investment and development opportunities. 

Development of the NLGM will, however, require the resettlement of 325 property owners 
and their households. Assets to be replaced and/or compensated include privately owned 
dwellings and business structures, community infrastructure, economic trees and field crops, 
as well as graves and sacred sites.  

Aureus has committed to implement resettlement in accordance with the applicable Liberian 
laws and regulations, as well as international best practice standards. The IFC performance 
standards are widely regarded as international best practice for the management of impacts 
associated with large project developments. 

6.15.2.2 IFC Performance Standard 5 

Aureus will follow the requirements of IFC Performance Standard (PS) 5 “Land Acquisition 
and Involuntary Resettlement”. This PS describes involuntary resettlement as both physical 
displacement (resettlement or loss of shelter) and economic displacement (loss of assets, or 
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access to assets, that leads to loss of income sources and/or other means of livelihood), as 
a result of project-related land acquisition and/or restrictions on land use. Resettlement is 
considered involuntary when affected persons or communities do not have the right to refuse 
land acquisition or restrictions on land use that result in physical or economic displacement. 

The primary objectives of IFC PS5 are to: 

1. Avoid, and when avoidance is not possible, minimise displacement by exploring 
alternative project designs;  

2. Avoid forced eviction;  

3. Anticipate and avoid, or where avoidance is not possible, minimise adverse social 
and economic impacts from land acquisition and/or restrictions on land use by (i) 
providing compensation for loss of assets at replacement cost and (ii) ensuring that 
all resettlement activities are implemented with appropriate disclosure of information, 
consultation, and the informed participation of those affected;  

4. Improve, or restore, the livelihoods and standards of living of displaced persons;  

5. Improve living conditions among physically displaced persons through the provision 
of adequate housing with security of tenure at resettlement sites, and  

6. Provide opportunities to displaced people to derive appropriate development benefits 
from the project. 

If displacement cannot be avoided, Aureus will offer affected persons realistic compensation 
for the loss of affected assets in the form of improved replacement houses, as well as other 
assistance as provided in PS5, to help them improve or restore their standards of living and 
livelihoods. 

6.15.2.2.1 Socio-economic and Institutional Framework 

The development of the RAP takes into account the socio-economic environment in which 
the NLGM is situated and the current status of demographic and socio-economic conditions, 
as well as applicable political and traditional structures. The RAP further takes into account 
the existing institutional and regulatory framework within the context of Liberian Law. 

6.15.2.2.2 Stakeholder Engagement 

Aureus is consulting with the Liberian government and affected communities through a 
stakeholder engagement process. Disclosure of relevant information and participation of 
affected communities will continue during the implementation, monitoring and evaluation of 
compensation payments, physical resettlement, as well as all livelihood restoration activities, 
to achieve outcomes that are consistent with the objectives of IFC PS5. 

A NLGM Resettlement Committee (RC) was established during January 2012, representing 
the leadership structures and affected parties in Kinjor and Larjor. The RC assists with the 
RAP surveys and the negotiations around entitlements, and act as official communication 
channel for lodging grievances. The role and functions of the RC during RAP implementation 
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are discussed in Section 9.4.2 of the RAP. A formal grievance procedure has been 
developed and will be in place prior to the implementation of the RAP.  

At a meeting with the Kinjor and Larjor affected parties in February 2012 it was announced 
that the final cut-off date for eligibility under the RAP would be 28 February 2012, which was 
the start date of the asset survey. Various consultation meetings and workshops were held 
with the RC on RAP entitlements, resettlement site selection, town layout and replacement 
house designs, as well as potential livelihood restoration projects. 

6.15.2.2.3 Eligibility and Entitlements 

The Entitlement Matrix provides an overview of all entitlements under the RAP: The RAP will 
endeavour to minimise involuntary resettlement and improve, or at least restore, the 
livelihoods and standards of living of displaced persons. Compensation for project affected 
parties will be based on transparent, consistent and fair compensation measures. The 
NLGM RAP entitlements are determined in line with Liberian legislation and IFC PS5. Where 
applicable, the entitlements include additional measures to comply with any particular 
requirements of IFC PS5. 

Eligible persons under the RAP include all property owners and owners of economic trees 
and field crops that were assessed during the NLGM asset and agricultural survey. Persons 
who moved into the RAP affected area after the asset survey cut-off date will not be eligible 
for compensation. Any person who continues with the improvement or development of their 
assets after the cut-off date will also not be compensated for these improvements. 

A total of 325 privately owned structures will be replaced. Eligible persons/households will 
receive improved standards of living at the new resettlement site. They will be resettled on 
residential plots, the size of which will be standardised in line with government approved 
town planning requirements. Replacement housing will be based on five standard house 
designs as agreed to with affected parties and taking into account the number of rooms of 
the affected properties. In addition, Aureus will replace all existing community facilities with 
improved facilities and will provide boreholes for the supply of potable water and a sufficient 
number of hand pumps to serve residents of the resettlement town. 

All economic trees (i.e. fruit trees, edible fruit plants, fuel wood trees and medicinal plants), 
within the mine footprint and associated 500 meter blasting zone will be cash compensated 
in line with the Liberian Ministry of Agriculture compensation guidelines for affected trees. 
Compensation for trees not listed in the abovementioned government list, will be determined 
in consultation with the RC. 

The Ministry of Agriculture does not include basic food crops (such as rice) in its pricelist, 
given the relatively short period between planting and harvesting these crops. Aureus has 
consulted the RC and a fixed amount for food crops will be paid. Owners of fields will be 
given the opportunity to harvest standing crops prior to resettlement.  

Affected households will receive financial support from Aureus to undertake bona fide 
customary ceremonies associated with the resettlement of graves. The relocation of graves 
will be conducted as per the agreement between Aureus and the Environmental Protection 
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Agency of Liberia (EPAL). Aureus has negotiated with the relevant tribal elders regarding 
suitable mitigation/compensation measures for two recorded sacred sites.  

Eligible persons and households will be provided with opportunities to participate in the 
livelihood restoration and community-based projects under the Community Development 
Plan (CDP). They will receive transitional support and additional targeted assistance, where 
applicable.  

Aureus will prioritise the employment of affected individuals and households in line with its 
employment policy. Members of the affected community will be recruited, and receive 
training, for participation in the construction of resettlement houses. Contracts will also be 
secured with local craftsmen (e.g. carpenters) to provide more specialised services. Aureus 
will further endeavour to establish appropriate training and skills development programmes 
as part of the CDP in order to equip affected households (and others) to benefit from new 
employment opportunities. 

6.15.2.2.4 Organisational Structure 

The successful implementation of the RAP is dependent on a committed and well-resourced 
organisational structure. The RAP will be implemented through the coordination of two 
principal institutions: the RAP Steering Committee (RSC) and the Community Development 
Manager (CDM). 

The RSC is responsible for strategic decision making for RAP implementation. It will ensure 
that the latter is timely and in accordance with the commitments in the RAP. The RSC will 
also ensure that implementation of the RAP is monitored, and progress evaluated, on a 
regular basis. The RSC will meet on a quarterly basis until all outstanding RAP issues have 
been resolved. 

The CDM will be responsible for the administration, co-ordination and implementation of the 
RAP. He/she will ensure that the execution of compensation payments and resettlement 
support measures are in accordance with the RAP. The CDM will address and, if possible, 
resolve resettlement and compensation grievances after seeking advice from the NLGM 
management and legal expert (if required).  

The CDM will work in close cooperation with the RC, which acts as advisory body to Aureus. 
The RC is the key institution for engaging the resettlement affected parties and will advise 
Aureus on the orderly resettlement and equitable compensation of all people affected by the 
NLGM. The RC is a duly nominated body representing the residents of Kinjor and Larjor. It 
includes representatives from local government, Kinjor and Larjor town councils, traditional 
authorities, women’s group, the youth, and non-governmental organisations. The functions 
of the RC are discussed in Section 9.4.2 of the RAP Report. 

The CDM will be responsible for overall community consultation and local level stakeholder 
engagement, and will be trained and provided with suitable resources to effectively address 
grievances, particularly those relating to resettlement and compensation. 
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6.15.2.2.5 Resettlement Site Selection 

The resettlement of Kinjor and Larjor will require the acquisition of suitable replacement land 
for the establishment of a new town. Section 10 of the RAP report describes the process and 
outcome of the resettlement site selection exercise. Prior to the site selection process it was 
agreed with affected communities that Kinjor and Larjor will be resettled as one community 
occupying one town. This decision was based on the current situation where Larjor only 
comprises seven households, while its residents are greatly dependent on public services 
and market activities at nearby Kinjor. Ethnic and religious affiliations and cultural activities 
are also similar in both towns. 

The affected communities, through the RC, were given the opportunity to identify four site 
options according to their preferences, which would then be debated during workshops with 
the RC and the traditional authorities concerned. Site Option 2 (Leilema site), was selected 
according to a number of selection criteria, and subsequently approved as the resettlement 
site by the RC, the affected communities and traditional authorities. The Leilema site is 
located approximately 4.5 km from Kinjor. Land acquisition consultations with government 
and relevant traditional authorities have recently been concluded. 

The Leilema resettlement site option was investigated for potential sites of cultural and/or 
heritage significance. A chance find procedure has been developed and a watching brief will 
be implemented if any deposits/features are found. Aureus will comply with the requirements 
of IFC PS8 which requires that cultural heritage, including archaeology, be protected when 
found during the LOM. 

6.15.2.2.6 Resettlement Town Layout and Replacement House Design 

Aureus will replace existing community facilities at Kinjor and Larjor with improved facilities. 
In addition, Aureus will provide basic services to ensure that the living conditions of resettled 
households are improved. These will include water provision (boreholes/hand pumps), toilet 
facilities, a school facility, market and business facilities, as well as refuge disposal facilities. 
Aureus will consult with the Liberian Ministry of Health with regards the requirements for the 
establishment of a clinic and associated service delivery aspects. 

After due consideration of community preferences and skills levels available for the project, a 
proposal for a house design, which also included extension of livelihood advantages as well 
as business related markets, was presented and accepted by the Resettlement Committee 
and affected community members. 

The above agreement includes the building of well-designed two-room houses, designed in 
consultation with the RC and involving each of the relevant community members. It was also 
agreed that the community would be involved in the actual building of the houses in order to 
enable affected people to use this skill for future extensions and/or setting up their own 
building contracting enterprises. 

6.15.2.2.7 Grievance Procedure 

In compliance with IFC PS5, Aureus has established a grievance procedure and mechanism 
to ensure that affected parties have the opportunity to lodge complaints and concerns with 
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regards resettlement activities, compensation and restoration of livelihoods. The Grievance 
Procedure forms a recourse mechanism to resolve disputes in an impartial manner. It will 
provide claimants with the assurance that grievances will be resolved satisfactory without 
cost to the claimant. This Grievance Procedure will also assist in the effective transfer of 
resettlement entitlements. 

The RAP Grievance Procedure will not replace existing legal processes available to the 
affected parties, and will not infringe on claimants’ right to access existing legal procedures. 
It will seek to resolve issues promptly and fairly to expedite the receipt of entitlements and 
assistance, without resorting to expensive and time-consuming legal actions. The Grievance 
Procedure will be in place at least until such time that a RAP Completion Audit has been 
finalised.  

6.15.2.2.8 Community Development Framework Plan 

Section 12 of the RAP introduces the proposed Community Development Plan (CDP) for the 
RAP. Aureus is committed to develop measures and action plans in accordance with its 
policy to conduct its business in a manner that promotes sustainable development and social 
welfare in the areas in which it operates. The CDP is aimed at improving, or at least 
restoring, the livelihoods and standards of living of displaced persons. 

The main objective of the CDP is to provide affected parties with opportunities for livelihood 
improvement that would promote sustainable development for both affected and host 
communities. The CDP will also include support mechanisms for the implementation of its 
programmes, such as vocational training, primary health care and access to micro credit and 
markets.  

6.15.2.2.9 Monitoring and Evaluation 

A RAP Monitoring and Evaluation mechanism will be established to assess the effectiveness 
of the overall RAP implementation. In particular, the monitoring programme will assess the 
success of livelihood restoration activities and targeted assistance to vulnerable groups. The 
monitoring programme will include criteria, milestones and the resources needed to carry out 
the monitoring. Aureus will be responsible for providing the necessary funds and physical 
resources required for the monitoring programme. 

6.15.2.2.10 Implementation Schedule 

The proposed RAP implementation schedule has been finalised and RAP implementation 
structures are currently being established. Arrangements will be made for capacity building 
of NLGM staff to ensure that the role-players involved in RAP implementation understand 
the requirements of implementation schedules. 

Pre-construction activities for the NLGM have commenced in the first quarter of 2013, while 
the construction phase will commence during the fourth quarter of 2013. In accordance with 
IFC PS5 compensation payments and physical resettlement of affected parties have to be 
completed prior to the construction of the project. 
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6.15.2.2.11 Costing  

Table 32 in the RAP report provides a preliminary indication of the cost associated with the 
RAP implementation. Costs are based on the eligibility considerations and entitlement 
measures outlined in the RAP. Costing for resettlement site clearing and town development 
is excluded as Aureus will cost these based on the construction scope of work and financial 
planning. The preliminary RAP implementation cost is US$3.5 million.  

6.16 Cultural Heritage 

A baseline cultural heritage survey was conducted in October 2011 as part of the Golder 
ESIA. The work was undertaken in accordance with PS 8, Guidance Note 8: Cultural 
Heritage, prepared by the International Finance Corporation (IFC 2012) and with the 
Environmental Assessment Sourcebook Update No. 8, ‘Cultural Heritage in Environmental 
Assessment’ (The World Bank 1994). 

No archaeological sites were identified on site or in or along the Daniels Town public road. 
The archaeological survey for the NLGM site was limited to recording above-ground visible 
remains. Possible archaeological sites will survive as buried remains. Dense vegetation 
cover will also mask the potential discovery of archaeological remains. However, it can be 
noted that the lack of identification of any archaeological remains from the baseline survey is 
likely to correlate to a corresponding limitation in the evidence for earlier occupation or 
settlement in and adjacent to the NLGM Project area.  

A total of 26 cultural heritage sites (mostly) were identified during the baseline survey. 

The above section is merely a brief summary of the assessment conducted during 2011. For 
further detail on the cultural and heritage aspects of the project please consult the ESIA 
compiled by Golder in 2012. 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

144 

 

7 ESIA LIMITATIONS AND KNOWLEDGE GAPS 

The following limitations and knowledge gaps were identified during the compilation of the 
updated ESIA: 

■ The updated process description provided is based on information provided by 
Aureus and is considered to be accurate on the submission of the ESIA. Any drastic 
changes to the infrastructure layout may result in an amendment being required; 

■ The assessments contained in this document and specialist studies are based on the 
conditions indicated from published sources and the investigations that were carried 
out for NLGM; and 

■ The financial provision provided for the closure and rehabilitation of the TSF is based 
on information that has been provided by Epoch and Aureus. At the time of the 
compilation of this report a detailed design for the TSF could not be provided, this the 
financial provision is based on general closure principals. 

8 IMPACT ASSESSMENT 

8.1 Impact Assessment Methodology 

It has to be stressed that the purpose of the ESIA process is not to provide an 
incontrovertible rating of the significance of various aspects, but rather to provide a 
structured, traceable and defendable methodology of rating the relative significance of 
impacts in a specific context.  

Environmental and social impacts can be defined as the positive or negative experiences or 
conditions resulting from environmental or socio-economic processes (i.e. environmental 
aspects), caused directly or indirectly by project activities, as listed in Section 2. For the 
purpose of this project, it is important to understand the hierarchical relationship between the 
proposed project activities, the environmental aspects and the potential impacts associated 
with the project.  

 

■ Project activities :  This generally refers to the specific actions required (inputs) 
during a project lifecycle to achieve a specific or desirable outcome (output);  

■ Environmental aspect:  The environmental aspect refers to the environmental or 
socio-economic process caused by the relevant project activity during the 

PROJECT ACTIVITIES

ENVIRONMENTAL ASPECTS 

ENVIRONMENTAL AND 

SOCIAL IMPACTS (ITO THE 

RECEIVING ENVIRONMENT)
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construction, operational or decommissioning phase that interacts with the natural 
and social environment (receiving environment); and 

■ Environmental and social impact:  The impact refers to the changes or effects 
anticipated on the environment (physical and social) resulting from an environmental 
aspect, whether desirable or undesirable (i.e. positive or negative impact on the 
receiving environment).  

The methodology employed for ESIA is divided into two distinct phases, namely, impact 
identification and impact assessment.  

8.1.1 Impact identification 

Impact identification is performed by use of an Input-Output model which serves to guide the 
assessor in assessing all the potential instances of ecological and socio-economic change, 
pollution and resource consumption that may be associated with the activities required 
during the construction, operational, closure and post-closure phases of the project.  

Outputs may generally be described as any changes to the biophysical and socio-economic 
environments, both positive and negative in nature, and also include the product and waste 
produced by the activity. Negative impacts could include gases, effluents, dust, noise, other 
pollution and changes to the bio-physical environment such as damage to habitats or 
reduction in surface water quantity. Positive impacts may include the removal of invasive 
vegetation, construction of infrastructure, skills transfer or benefits to the socio-economic 
environment. During the determination of outputs, the effect of outputs on the various 
components of the environment (e.g. topography, water quality, etc.) is considered. 

During consultation with Interested and Affected Parties (I&Aps) perceived impacts were 
identified.  These perceived impacts will become part of the impact assessment and 
significance rating in order to differentiate between probable impacts and perceived impacts. 

8.1.2 Impact rating and assessment 

The impact rating process is designed to provide a numerical rating of the various 
environmental impacts identified by use of the Input-Output model. As discussed above, it 
has to be stressed that the purpose of the ESIA process is not to provide an incontrovertible 
rating of the significance of various aspects, but rather to provide a structured, traceable and 
defendable methodology of rating the relative significance of impacts in a specific context. 
This gives the project proponent a greater understanding of the impacts of his project and 
the issues which need to be addressed by mitigation and also give the regulators information 
on which to base their decisions. 
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The significance rating process follows the established impact/risk assessment formula: 

Significance = Consequence x Probability 

Where 

Consequence = Severity + Spatial Scale + Duration 

And 

Probability = Likelihood of an impact occurring 

The matrix calculates the rating out of 147, whereby Severity, Spatial Scale, Duration and 
Probability are each rated out of seven as indicated in Table 8-1. Weighting can be applied 
to the various parameters. 

Impacts are rated prior to mitigation and again after consideration of the mitigation measure 
proposed in the Environmental Management Programme (EMP). The significance of an 
impact is then determined and categorised into one of four categories, as indicated in Figure 
8-1: Probability Consequence Matrix 

 

Table 8-2, which is extracted from Figure 8-1. Management actions will be assigned for all 
identified impacts. 

A neutral impact implies that it causes the area to return to a pre-project state. This is not 
regarded as positive, as there would be no need for this activity if the operation was not 
carried out. 
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Table 8-1: Impact assessment parameter ratings 

Rating  

Severity 

Spatial scale Duration Probability 
Environmental 

Social, cultural and 
heritage 

7 

Very significant impact 
on the environment. 
Irreparable damage to 
highly valued species, 
habitat or eco system. 
Persistent severe 
damage. 

Irreparable damage to 
highly valued items of 
great cultural significance 
or complete breakdown of 
social order.  

International 

The effect will occur 
across international 
borders 

Permanent: No Mitigation 

No mitigation measures of 
natural process will reduce 
the impact after 
implementation. 

Certain/ Definite. 

The impact will occur 
regardless of the 
implementation of any 
preventative or corrective 
actions. 

6 

Significant impact on 
highly valued species, 
habitat or ecosystem. 

Irreparable damage to 
highly valued items of 
cultural significance or 
breakdown of social order. 

National 

Will affect the entire 
country 

Permanent: 

Mitigation 

Mitigation measures of 
natural process will reduce 
the impact. 

Almost certain/Highly 
probable 

It is most likely that the 
impact will occur. 

5 

Very serious, long-term 
environmental 
impairment of 
ecosystem function that 
may take several years 
to rehabilitate 

Very serious widespread 
social impacts. Irreparable 
damage to highly valued 
items 

Province/ Region 

Will affect the entire 
province or region 

Project Life 

The impact will cease after 
the operational life span of 
the project. 

Likely 

The impact may occur. 

4 
Serious medium term 
environmental effects. 

On-going serious social 
issues. Significant damage 

Municipal Area 

Will affect the whole 

Long term Probable 

Has occurred here or 
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Rating  

Severity 

Spatial scale Duration Probability 
Environmental 

Social, cultural and 
heritage 

Environmental damage 
can be reversed in less 
than a year 

to structures / items of 
cultural significance 

municipal area 6-15 years elsewhere and could 
therefore occur. 

3 

Moderate, short-term 
effects but not affecting 
ecosystem function. 
Rehabilitation requires 
intervention of external 
specialists and can be 
done in less than a 
month. 

On-going social issues. 
Damage to items of 
cultural significance. 

Local 

Local extending only as 
far as the development 
site area 

Medium term 

1-5 years 

Unlikely 

Has not happened yet but 
could happen once in the 
lifetime of the project, 
therefore there is a 
possibility that the impact 
will occur. 

2 

Minor effects on 
biological or physical 
environment. 
Environmental damage 
can be rehabilitated 
internally with/ without 
help of external 
consultants. 

 Minor medium-term social 
impacts on local 
population. Mostly 
repairable. Cultural 
functions and processes 
not affected. 

Limited 

Limited to the site and its 
immediate surroundings 

Short term 

Less than 1 year 

Rare/ improbable 

Conceivable, but only in 
extreme circumstances 
and/ or has not happened 
during lifetime of the project 
but has happened 
elsewhere. The possibility 
of the impact materialising 
is very low as a result of 
design, historic experience 
or implementation of 
adequate mitigation 
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Rating  

Severity 

Spatial scale Duration Probability 
Environmental 

Social, cultural and 
heritage 

measures 

1 

Limited damage to 
minimal area of low 
significance, (eg ad hoc 
spills within plant area). 
Will have no impact on 
the environment. 

Low-level repairable 
damage to commonplace 
structures. 

Very limited 

Limited to specific isolated 
parts of the site. 

Immediate 

Less than 1 month 

Highly unlikely/None 

Expected never to happen. 
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Significance                 

   Consequence (severity + scale + duration) 

   
1 3 5 7 9 11 15 18 21 

P
ro

ba
bi

lit
y 

/ L
ik

el
ih

oo
d 

1 1 3 5 7 9 11 15 18 21 

2 2 6 10 14 18 22 30 36 42 

3 3 9 15 21 27 33 45 54 63 

4 4 12 20 28 36 44 60 72 84 

5 5 15 25 35 45 55 75 90 105 

6 6 18 30 42 54 66 90 108 126 

7 7 21 35 49 63 77 105 126 147 

Figure 8-1: Probability Consequence Matrix  

 

Table 8-2: Significance threshold limits 

Significance 

High 108- 147  

Medium-High 73 - 107  

Medium-Low 36 - 72  

Low 0 - 35  

 

The methodology employed for the ESIA update is similar to that used by Golder for the 
initial EIS compilation. Those aspects identified by Golder in the original EIS have been 
integrated into the impacts assessment for this ESIA update. 

8.2 Summary of Significant Impacts 

Table 8-3, Table 8-4 and Table 8-5 were compiled to identify the significant potential impacts 
on the receiving environment resulting from the applicable environmental aspects and 
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project activities during the construction, operational and decommissioning phases, 
respectively.  

In these tables, an “L” was assigned to a potential impact anticipated to be of Low 
significance, and “ML” assigned to a potential impact anticipated to be of Medium-Low 
significance, “MH” to a potential impact of a Medium-High significance and an “H” assigned 
to a potential impact anticipated to be of High significance, as described in Table 8-2 

A detailed assessment of each impact is provided in sections 8.3 (environmental impacts) 
and 8.4 (social impacts) where the three project phases are considered. 

The mitigation and management requirements associated with these environmental aspects 
and potential environmental impacts are detailed in the EMP. 
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Table 8-3: Summary of potential impacts during the construction phase 

CONSTRUCTION ACTIVITIES 

ENVIRONMENTAL ASPECT SOCIAL-ECONOMIC ASPECT   

RESOURCE USE POLLUTION AND WASTE GENERATION  ECONOMIC HEALTH & SAFETY  SOCIAL HERITAGE VISUAL   
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Stripping of vegetation   ML H H   MH ML MH ML L   M
L 

M
L 

M
L ML L ML     ML ML               

Soil Stripping   ML       MH ML MH ML L   M
L 

M
L 

M
L 

ML L ML 
  

  
  

ML 
              

Compaction of laydown areas   ML       MH ML MH ML L   M
L 

M
L 

M
L ML L ML       ML               

Soil Stockpiling    ML       MH ML MH ML L   M
L 

M
L 

M
L ML L ML       ML               

Development and expansion of haul 
roads and access routes and relocation of 
Kinjor and Linjor Villages 

  ML H H   MH ML MH ML L   M
L 

M
L 

M
L 

ML ML ML ML   ML ML MH MH 
      

MH 
  

Transportation 
of materials  
to site 
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L 

M
L 

M
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ML 
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L 
M
L 

M
L ML ML         ML               

Steel structures     
M
L ML       MH ML L   

M
L 

M
L 

M
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Earthworks: Cutting, filling, shaping and 
trimming   ML 

M
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M
L 

M
L 

M
L ML L ML 

  
  

  
ML 

              

Diversion trench construction ML   M
L ML ML     MH ML ML   M

L 
M
L 

M
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Soft excavations   ML M
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L 
M
L 

M
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Hard excavations    ML M
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L 
M
L 

M
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Erection of steel work     
M
L ML                       L ML                   MH   

Vehicle and plant 

Maintenance             ML MH ML               ML     ML                 

Washing             ML MH ML L                   ML                 

Refuelling              ML MH ML L                   ML                 

Hazardous materials 
including oils, fuels, 
solvents, concrete 
admixures, curing 
compound 

Transport     M
L       ML MH ML     M

L 
M
L 

M
L ML ML ML     ML                 

Storage     M
L 

      ML MH ML L             
      

ML 
                

Use     M
L       ML MH ML L                   ML                 

Disposal      M
L       ML MH ML L                   ML                 

Non-hazardous materials 
including tools, 
equipment, consumables 
and parts. 

Transport                       M
L 

M
L 

M
L ML ML ML                       

Storage                                                         

Use                                                         

Disposal                                                          
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CONSTRUCTION ACTIVITIES 

ENVIRONMENTAL ASPECT SOCIAL-ECONOMIC ASPECT   

RESOURCE USE POLLUTION AND WASTE GENERATION  ECONOMIC HEALTH & SAFETY  SOCIAL HERITAGE VISUAL   
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Operation and 
maintenance of 
construction camp and 
employee facilities  

Ablutions                    L                   ML                 

Office areas 
and stores, 
including 
parking   

                              L ML 

                      

Kitchens and 
eating areas                                L ML 

                      
Influx of people to the area and increased 
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ML 

          
M
H         

Relocation of subsistence farmers, 
artisanal miners and Kinjor and Linjor 
Village 

                                

    

MH 

      

MH 

  

M
H 

  

MH 

  

                                                            

                                                            

                                                              

Significance 
Rating  

High H     3 3                                               6 

Medium
-High MH           8   19                     1     1 2 1 1   3 36 

Medium
-Low ML 1 8 12 8 1   15   19 1   14 14 14 14 6 15 1   10 12             165 

Low L                   17           11                       28 
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Table 8-4: Summary of potential impacts associated with the operational phase of the project 

OPERATIONAL ACTIVITIES 

ENVIRONMENTAL ASPECT SOCIAL-ECONOMIC ASPECT   

RESOURCE USE POLLUTION AND WASTE GENERATION  ECONOMIC HEALTH & SAFETY  SOCIAL HERITAGE VISUAL   
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Drilling and Blasting                 MH   ML ML ML     L ML   ML ML     ML MH   
Operation and maintenance of WRD           MH   MH ML MH ML ML ML     L ML   ML ML     ML MH   
Crushing and processing of ore                     ML ML ML ML ML L ML     ML       MH   
Stockpiling at ROM                       ML ML     L       ML           

Operation and maintenance of the 
TSF 

          MH   MH H MH ML ML ML     L ML   ML ML     ML MH 
  

Transportation of materials  to and 
around site 

            MH ML ML MH ML ML ML ML ML ML ML ML 
  

ML MH ML 
  

MH 
  

Operation of the diversion trench                   MH                         ML MH   
Operation of PCD                                                   

Pumping of water from Marvoe Creek 
Dam 

                                  
    

  
          

Pit dewatering   MH           MH   MH                 ML             
Generation of electricity                     ML     ML ML L       ML           

Vehicle and plant 

Maintenance             MH ML ML MH ML         L ML     ML           
Washing             MH ML ML MH ML           ML                 
Refuelling              MH ML ML MH ML           ML                 

Hazardous materials 
including oils, fuels, 
solvents, concrete 
admixures, curing 
compound 

Transport             MH ML ML MH MH ML ML ML ML   ML   ML ML MH         
Storage             MH ML ML MH MH               ML             
Use             MH ML ML MH MH               ML             
Disposal              MH ML ML MH MH               ML             

Non-hazardous 
materials including 
tools, equipment, 
consumables and 
parts. 

Transport                     ML ML ML ML ML   ML     ML MH         
Storage                                                   
Use                                                   
Disposal                                                    

Operation and 
maintenance of 
employee facilities  

Ablutions                ML   MH                 ML             
Office areas 
and stores, 
including 
parking   

                                ML ML 

              
Clinic                                 ML ML       ML       
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OPERATIONAL ACTIVITIES 

ENVIRONMENTAL ASPECT SOCIAL-ECONOMIC ASPECT   

RESOURCE USE POLLUTION AND WASTE GENERATION  ECONOMIC HEALTH & SAFETY  SOCIAL HERITAGE VISUAL   
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Significance 
Rating  

High H      
 

        1                               1 

Medium-
High 

MH   1  1  1   2 8 3 1 13 4                   3     7 44 

Medium-
Low ML               9 9   10 8 8 5 5 1 13 5 9 10   2 4   98 

Low L                               7                 7 
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Table 8-5: Summary of the potential impacts of the decommissioning phase 

DECOMMISSIONING ACTIVITIES 

ENVIRONMENTAL ASPECT SOCIAL-ECONOMIC ASPECT   
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Decommissioning of operations                                 H         
Demolition of infrastructure           ML   ML ML   ML ML ML ML ML L     ML MH   
Shaping of pit edge                       ML ML     L     ML     
Shaping and rehabilitation of TSF                     ML ML ML     L     ML     
Shaping and rehabilitation of WRD                     ML ML ML     L     ML     
Surface water runoff from WRD               MH   L               ML       
Surface water runoff from TSF               MH   L               ML       
Leaching of decommissioned TSF                 H                 ML       
Leaching of decommissioned WRD                 ML                 ML       
Earth moving            ML ML ML ML L ML ML ML     L     ML     
Topsoil spreading           ML   ML ML L   ML ML     L     ML     
Revegetation of disturbed areas                                           

Decommissioning of pit - Fill up with 
water 

              ML                   
  

  
    

Decant of water from the pit               ML                           
Generation of electricity                     ML ML ML ML ML L     ML     

Vehicle and plant 

Maintenance             ML ML ML L               ML ML     
Washing             ML ML ML L                       
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including oils, fuels, 
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admixures, curing 
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tools, equipment, 
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Transport                     ML ML ML ML ML ML     ML     
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Operation and 
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employee facilities  

Ablutions                ML   L               ML       

Office areas 
and stores, 
including 
parking   

                              L   
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DECOMMISSIONING ACTIVITIES 

ENVIRONMENTAL ASPECT SOCIAL-ECONOMIC ASPECT   

RESOURCE USE POLLUTION AND WASTE GENERATION  ECONOMIC HEALTH & SAFETY VISUAL   
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8.3 Environmental Impact Identification 

This section details the significant potential impacts on the biophysical and physical 
environment associated with the NLGM. This impact assessment considered the potential 
impacts anticipated during the construction, operational and decommissioning and closure 
phases. With reference to the potential impacts identified in the impact assessment, a 
summary of the relevant mitigation measures required during construction, operational and 
decommissioning phases have been included.  

The most significant impacts were evaluated and rated before and after mitigation. These 
and other significant impacts are assessed and discussed in more details in the respective 
specialist studies, as appended in this report. 

8.3.1 Construction phase 

8.3.1.1 Potential impacts on soil and agricultural potential 

The main impacts on soils and the agricultural potential of the project site will occur during 
the construction phase of the proposed project. The table below, Table 8-6, details the 
activities which may have an impact on the soils of the project area, the environmental 
aspects caused by the activities and the resulting impacts. 

Table 8-6: Impact Table - Soils  

SOILS 

Activities • Clearance and stripping of vegetation; 

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Topsoil stockpiling; 

• Compaction of laydown areas and construction areas for example the 
TSF and processing plant areas; 

• Upgrading of the haul road; 

• Creating exploration paths for drilling. 

• Earthworks during the creation of terraces, cuts and fills; 

• Pipeline installation; 

• Construction of buildings and roads; 

• Cement mixing; 

• The movement, maintenance and refueling of vehicles and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds; and 

• Operation and maintenance of construction camp and employee 
facilities.  

Environmental aspect  Wind and water erosion of soils due to site preparation activities 

Description of impact During construction the land clearance and earthworks for the pit, plant, 
mine infrastructure, TSF, haul roads and WRD will disturb the soils. 
Exposure of the soils in the mine lease area, notably on haul roads, 
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SOILS 

around the mine pit, tailings dam, diversion trench and processing plant 
will increase soil erosion via storm water runoff. 

Heavy rainstorm events will initiate erosion on any slightly elevated bare 
area. Any fine-graded soils on the site will also be vulnerable to wind 
erosion (during the short dry season, limited impact) when exposed after 
the removal of vegetation during site preparation and stockpiling for later 
use. 

The erosion of soil will also impact on water courses and will result in 
increased suspended sediment loads.  

Receptors  Downstream water users may be affected by the siltation of streams 
caused by soil erosion. Dust generated will most likely be restricted to the 
mine site.  

Mitigation • Clearing of vegetation should be inspected and verified with co-
ordinates  to ensure that no more than the minimum area of land that 
is needed is cleared; 

• Prepare soil stockpiles to ensure vegetation establishes itself to avoid 
erosion losses; 

• Ensure stockpiles are placed on a free draining location so as to limit 
erosion loss; 

• Berms should be placed around stockpiled soil to prevent soil loss due 
to erosion; 

• Minimise the period of exposure of soil disturbances through a 
planning schedule; 

• Limit stockpile height – a safe height can be regarded as the height at 
which material can be placed without repeated traffic over already 
placed material; and 

• Site remediation should be undertaken on a concurrent basis during 
the construction phase to ensure that vegetation is restored to 
disturbed areas, which will restore some of the site’s flood attenuation 
capabilities and reduce vulnerability to erosion 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 4 7 84 

Post-Mitigation Rating  2 3 3 4 32 

Environmental aspect  Soil compaction 

Description of impact There is the potential that the movement of large vehicles and machinery 
will result in the compaction of soils 

The compaction of the soil has a serious impact during rehabilitation as 
rooting depth from plants is impaired. In addition to the compaction of soils 
limits water infiltration into the soil and thus the risk for erosion may 
increase. 
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SOILS 

Receptors  Potential increase in sedimentation of stream and rivers affecting 
downstream water users and rooting depth for plants. 

Mitigation • Vehicles must stay on the dedicated access routes;  

• Access routes need to be sited correctly; and 

• A storm water management plan should be completed for the project 
area to control the runoff that will occur from the cleared and 
compacted areas. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 1 6 6 72 

Post-Mitigation Rating  1 1 3 4 20 

Environmental aspect Loss of soil resource for agricultural use and sterilisation of soil as 
well as reduction soil fertility 

Description of impact A large percentage, approximately 70 % of the soils in the project area are 
marginally or unsuitable for agriculture. From the assessment conducted it 
was identified that approximately 555 hectares of land will be impacted 
upon during the construction and operational phases. Of this a very small 
percentage of existing farm/croplands will be impacted upon. 

This will mean that the land capability associated with this land will not be 
able to be utilised for subsistence farming and thus potentially impacting 
on the use of the land for agricultural purposes. 

Receptors  Communities that previously used the area for subsistence agriculture. 

Mitigation • Soil needs to be stockpiled in such a manner that it can be used for 
rehabilitation after decommissioning;  

• Ensure that no more than the minimum area of land that is needed is 
cleared; and 

• Rehabilitate access and haul roads that are no longer required. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating 5 3 5 7 91 

Post-Mitigation Rating 3 2 5 3 30 

Environmental aspect  Soil contamination due to leaching of soluble chemical pollutants 
and hydrocarbons 

Description of impact Contamination of soils by petrol, diesel, other soluble mine contaminants 
and cement is likely to occur, especially along haulage roads and 
workshops. 
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SOILS 

Receptors  Communities and water users downstream of the mine site will be affected 
if the water quality decreases through runoff from contaminated soils. 
Biological components associated with receiving streams will be affected 
by a decrease in the water quality. Hydrocarbons are toxic to micro-
organisms as well as plants. 

Mitigation • All storage areas (for fuels and lubricants) will be compacted and 
have bunded containers to prevent soil pollution and appropriate oil 
separators installed to cover a 24 hr rainfall event; 

• Vehicle service areas must be paved or compacted; with proper oil 
separators; 

• Water runoff traps should be constructed at the vehicle service sites 
to prevent polluted water runoff into streams; 

• Soil hydrocarbon contamination should be cleaned up using 
commercially available equipment and clean-up kits; and 

• Hydrocarbon management procedure to contain details of emergency 
clean-up procedures contained in a Pollution Prevention Plan that will 
carry though to operation. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating 6 1 6 5 65 

Post-Mitigation Rating 3 1 3 4 28 

8.3.1.2 Potential impacts on surface water systems 

There are potential impacts on surface water systems that may occur during the construction 
phase of the proposed project. Activities that will result in changes to the surface water 
systems, as well as the environmental aspects and resulting impacts are described in Table 
8-7. 

Table 8-7: Impact table – Surface water 

SURFACE WATER 

Activities • The clearance of vegetation from the infrastructure, TSF and WRD 
footprints;  

• Removal of topsoil from infrastructure and stockpiling of topsoil for 
use during site rehabilitation;  

• The movement, maintenance and refueling of vehicles and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds;  

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Creation of compacted surfaces, including roads, the vehicle hard 
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SURFACE WATER 

park areas; 

• Generation and handling of domestic and industrial wastes; 

• Earthworks during the creation of terraces, cuts and fills; 

• Pipeline installation; 

• Tailings dam wall construction; 

• Construction of buildings and roads; 

• Cement mixing; 

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; and 

• Operation and maintenance of the construction camp and employee 
facilities.  

Environmental aspect  Sedimentation of surface water sources 

Description of impact The removal of natural vegetation from the project development footprint, 
levelling of undulating areas and creation of hard and compacted surfaces 
will alter the natural topography and drainage patterns of the project site 
and make the soil susceptible to erosion. 

The excavation of the diversion channel and construction of the flood 
control dyke in the Marvoe Creek, will increase the potential for erosion 
and sedimentation. Construction of the river diversion will require 
construction of a coffer dam, generating sediment, which will be 
transported into the downstream river channel. 

Receptors  Downstream water users as well as the aquatic ecology may be affected 
by the siltation of streams caused by soil erosion on the mine. 

Mitigation • Erosion should be prevented at disturbed areas through water 
diversion berms and proper stockpiling of soil; 

• Construction of infrastructure located close to local streams should 
take place in the dry season, when possible; 

• The permit to clear (internal Aureus procedure) to be implemented 
and signed off by responsible persons; 

• Ensure stockpiles are placed on a free draining location so as to limit 
erosion loss; 

• Develop progressive rehabilitation plan or schedule to address 
exposure of degraded areas; 

• Construct the diversion channel during the dry season and provide a 
sediment control plan; 

• Install clean and dirty water separation system around infrastructure 
and update water balance accordingly; 

• Tailings will be deposited on the TSF.  TSF water, during large rain 
storm events and during the wet season, may cause the TSF to 
discharge, into the pollution control dam/sump and then to the stream 
below it. This water will be diluted but needs to be monitored and 
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SURFACE WATER 

reported to government and downstream users if not compliant with 
current water quality and or as per agreed permit requirements.    

• During construction and operations, the Diversion Channel will divert 
the river flow away from the mine pit and other mining structures; and 

• Physical stabilisation methods such as vegetation, gabions, reno-
mattresses, armour flex or retaining walls to be installed in the MCDC 
as per design drawings. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 5 2 6 66 

Post-Mitigation Rating  3 2 2 5 35 

Environmental aspect  Chemical and hydrocarbon contamination of downstream water 
resources during surface flow events 

Description of impact During construction activities, there is the potential risk that surface water 
runoff emanating from areas potentially contaminated with chemicals and 
hydrocarbons could enter into river systems and pollute rivers and 
streams. 

Receptors  Communities and water users downstream of the mine site will be affected 
if the water quality decreases through contamination. The biophysical 
aspects (animals and plants) associated with the system will be influenced 
by the surface water quality. 

Mitigation • All heavy machinery and trucks should be restricted to designated 
areas and access roads/tracks; 

• Use of fuels and lubricants should be confined to bunded areas with 
an impermeable layer to prevent soil contamination with appropriate 
oil separators for recycling of hydrocarbons; 

• All storage areas (for fuels and lubricants) will be compacted and 
have bunded containers to prevent soil pollution and appropriate oil 
separators installed to cover a 24 hr rainfall event; 

• Washbays  will have a sump and  oil separator and used oil will be 
recycled; 

• Accidental hydrocarbon spillages should be reported and recorded as 
incidents and cleaned up immediately; 

• Soil hydrocarbon contamination should be cleaned up using bio-
remediation  and clean-up kits; and 

• Implement the emergency response plan in event of disaster; 

• Spill kits must be available at all hydrocarbon, chemical storage and 
handling areas and at workshop areas. 
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Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating 7 5 5 5 85 

Post-Mitigation Rating 4 4 3 4 44 

Environmental aspect  Changes to surface water flow dynamics due to the construction of 
the diversion channel and dam 

Description of impact As the dam starts to full there is the potential that flow volumes may 
decrease, until the capacity of the dam is reached and the water flows 
naturally into the diversion trench. This will cause an impact on the water 
users downstream as the water supply may cease for a period of time or 
there may be a reduction in flow.   

Receptors  Water users along the Marvoe Creek (closest community is Jikando, 
which is 4 km away) will be affected the reduction in water flow. It is 
understood that alternative sources of water, such as boreholes are 
available to the villages downstream. 

Mitigation • Limit construction to the dry season where possible; and 

• If people do not have water as a result of the dam then ensure that 
alternative sources of water are supplied to communities downstream 
e.g. boreholes; and 

• Drilling of water supply boreholes for downstream users for use during 
periods in which water supply in the surface water streams will be 
decreased or cut off during construction activities. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 4 2 7 63 

Post-Mitigation Rating  2 4 2 3 24 

8.3.1.3 Potential groundwater impacts 

The potential impacts of the construction phase on the groundwater of the area are 
summarised in Table 8-8.  

Table 8-8: Groundwater impacts 

GROUNDWATER 

Activities • The clearance of vegetation from the infrastructure, TSF and WRD 
footprints;  
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• Removal of topsoil from infrastructure and stockpiling of topsoil for 
use during site rehabilitation;  

• The spillages from movement, maintenance and refueling of vehicles 
and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds;  

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Earthworks during the creation of terraces, cuts and fills; 

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; 

• Operation and maintenance of construction camp and employee 
facilities; and 

• Monitoring programme as set out in the Digby Wells Water 
management report. 

Environmental aspect  Contamination of groundwater by chemicals and hydrocarbons 

Description of impact Hydrocarbon spillages from site may collect in the soils. During rainfall 
events, hydrocarbon compounds from the oil and fuel may migrate to the 
subsurface water bodies with water infiltrating through these polluted 
areas. 

Receptors  The impacts are expected to be localised and, thus, only affect the mine. 

Mitigation • Hydrocarbon or chemical spills should be contained and remediated 
as soon as possible to prevent seeping into groundwater; 

• All storage areas (for fuels and lubricants) will be compacted and 
have bunded containers to prevent soil pollution and appropriate oil 
separators installed to cover a 24 hr rainfall event; 

• The chemicals need to be stored above ground located within a 
suitable secondary containment (bunded) area which caters for a 24hr 
storm event (bund); 

• All holding structures must be inspected annually by a qualified 
person.  Recommendations with respect to repair procedures must be 
compiled and conducted by a recognised specialist; and 

• The standard operating procedure for the handling of hydrocarbon 
waste must be implemented. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 3 4 5 55 

Post-Mitigation Rating  4 2 2 4 32 
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8.3.1.4 Air quality impacts 

The construction activities on site have the potential to generate dust and other atmospheric 
emissions. The environmental aspects caused by the construction activities are listed in 
Table 8-9, along with the associated impacts. 

Table 8-9: Impact table - Air quality 

AIR QUALITY 

Activities • Site clearing and leveling; 

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Topsoil stockpiling; 

• Earthworks during the creation of terraces, cuts and fills; 

• Construction of buildings and roads; 

• Cement mixing; 

• The movement, maintenance and refueling of vehicles and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds;  

• Electricity generation; 

• Transportation of materials/waste to and from site; 

• Concrete batching and placement; and 

• Operation and maintenance of construction camp and employee 
facilities. 

Environmental aspect  Generation of dust and other atmospheric emissions 

Description of impact The following impacts may occur during the construction phase: 

• Increased ambient dust from site clearing and levelling, haulage of 
material and general construction; 

• Windblown dust from stockpiles; 

• Emissions from vehicle exhausts (NOx and PM10); and 

• Emissions from power generation (NOx, SO2, PM10, HC, CO and 
CO2.). 

Receptors  The risk towards human health of communities neighbouring the mine is 
deemed to be negligible in the proposed project areas due to its location 
in relation to these sensitive receptors and the short duration of 
construction phase (12 months). Those employees on site during the 
construction phase are likely to be affected by the generation of dust. 

In terms of traffic along access roads those people living in close proximity 
to the roads will be affected by the generation of emissions by vehicles. 

Mitigation • Clean run-off or recycled water should be used to dampen roads, 
tracks and/ or stockpiled material especially under windy conditions 

• Wind speed reduction, wet suppression  of permanent roads should 
be undertaken; 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

167 

 

AIR QUALITY 

• Exposed surfaces that are not going to be utilised after construction 
should be rehabilitated and maintained; 

• Traffic control measures aimed at reducing the entrainment of 
material by restricting traffic volumes and reducing vehicle speeds  

• Implement measures aimed at binding the surface material or 
enhancing moisture retention, such as wet suppression during the dry 
period; 

• The removal of the smallest required area of vegetation and topsoil 
(i.e. the proposed servitudes and infrastructure footprints) will reduce 
the spatial scale of the impact; and 

• Phase clearing as required by the construction programme to avoid 
exposing areas prior to commencement of the works. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 4 3 6 60 

Post-Mitigation Rating  2 3 3 5 40 

8.3.1.5 Potential noise impacts 

Noise will be generated during the construction phase, mainly by vehicles and machinery 
used on site. The potential impacts of the construction activities are described in Table 8-10. 

Table 8-10: Impact table - Noise 

NOISE 

Activities • Site clearing and leveling; 

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Topsoil stockpiling; 

• Earthworks during the creation of terraces, cuts and fills; 

• Construction of buildings and roads; 

• Erection of concrete and steel structures; 

• The movement, maintenance and refueling of vehicles and plant; 

• Operation and maintenance of construction camp and employee 
facilities; 

• Erection of fences; 

• Electricity generation; and 

• Transportation of materials/waste to and from site. 

Environmental aspect  Increase in ambient noise levels around mine site 

Description of impact It is expected that during the construction phase, especially the initial 
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earth works phase, the noise impact will be considerable in the areas 
around the construction areas. The main component of the noise 
emissions will be caused by diesel-powered equipment. 

Receptors  Overall noise impacts are anticipated to be limited mainly due to the large 
distances between the major sources of noise and the nearest noise 
sensitive receivers and the acoustic characteristics of the intervening 
ground as well as the dense vegetation cover. The noise during 
construction is likely to be local in extent and, thus, only impact on the 
construction workers on site. According to the noise dispersion model for 
the construction phase, the noise from the proposed mining activities will 
measure below that of the IFC daytime guidelines as well as below that of 
the current ambient noise levels measured at Jikando Village. 

Mitigation • Switch off equipment when not in use; 

• Keep as much vegetation as possible to aid in the noise absorption of 
the construction activities; and 

• Fixed noise producing sources such as generators, to be either 
housed in enclosures or barriers put up around the noise source. The 
barriers should be installed between the noise source and sensitive 
noise receptor, closest to the noise source. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  2 2 2 3 18 

Post-Mitigation Rating  1 2 2 3 15 

Environmental aspect  Increase in ambient noise levels along access routes 

Description of impact The vehicles hauling construction equipment via the access road from 
Daniels Town to site may impact on the villages adjacent to the access 
road. 

Receptors  The impact will likely affect those people living along the access road. 

Mitigation • Reduce speed while on the public road from Daniel’s Town to a 
maximum of 50km/h; and 

• Where possible transport of materials and goods must be done during 
the daytime. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 4 2 4 36 
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Post-Mitigation Rating  2 4 2 4 32 

8.3.1.6 Potential impacts on terrestrial ecology 

The majority of the impacts on the terrestrial ecology will be realised during the construction 
phase as vegetation, including Primary Forest, is removed and in so doing reducing the 
habitats of fauna in the area. These impacts are detailed below in Table 8-11. 

Table 8-11: Potential impacts on terrestrial ecology – construction phase 

TERRESTRIAL ECOLOGY 

Activities • Site clearing and leveling; 

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Earthworks during the creation of terraces, cuts and fills; 

• Blasting; 

• Construction of buildings and roads; 

• The movement, maintenance and refueling of vehicles and plant; 

• Operation and maintenance of construction camp and employee 
facilities; 

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; 

• Electricity generation; and 

• Transportation of materials/waste to and from site. 

Environmental aspect  Loss of vegetation communities 

Description of impact Due to large-scale clearing of vegetation throughout the site for 
associated infrastructure, different vegetation communities will be lost. 
The most important of these is the primary forest, of which very little 
remains in Liberia. 

Impacts to secondary forest and swamp vegetation are less important, but 
the mine and associated infrastructure will still have an impact on these. 
Most important for impacts to secondary forest and swamp vegetation is 
the dam, where the majority of these vegetation types occur. In order for 
mitigation to be effective in this case, the impacts to the secondary forest 
should be increased, and the impacts to the primary forest, decreased. 

Receptors  Vegetation communities within the project site will be directly affected by 
the construction activities. These communities are divided into the 
following groups: 

• Swamp Vegetation; 

• Primary Forest; 

• Secondary Forest (older than 10 years); 
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• Secondary Forest (5 -10 years); and 

• Secondary Forest (1 -5 years). 

Mitigation • Disturbed areas that will not be used (especially the area of drilling 
paths to the North of the site) should be rehabilitated as soon as 
possible; and 

• Intact areas of primary forest should be set aside as conservation 
areas, and preferably linked to large tracts of intact forest to the north. 
In addition, offsets need to be identified. This would involve the 
commissioning of an offset report considering all options 
(contributions to conservation, setting aside new conservation areas, 
setting aside of additional areas for existing conservation areas). 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Loss of Swamp Vegetation 

Pre-Mitigation Rating  5 5 6 7 112 

Post-Mitigation Rating  3 5 6 7 98 

Loss of Primary Forest 

Pre-Mitigation Rating  7 6 7 7 140 

Post-Mitigation Rating  7 5 7 7 133 

Loss of Secondary Forest (older than 10 years) 

Pre-Mitigation Rating  4 2 6 7 84 

Post-Mitigation Rating  4 2 6 7 84 

Loss of Secondary Forest (5 - 10 years) 

Pre-Mitigation Rating  4 2 4 7 70 

Post-Mitigation Rating  4 2 4 7 70 

Loss of Secondary Forest (1 - 5 years) 

Pre-Mitigation Rating  2 2 3 7 49 

Post-Mitigation Rating  2 2 3 7 49 

Environmental aspect  Loss of biodiversity 
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Description of impact Loss of biodiversity will occur primarily in the construction phase of the 
development as a result of clearing of the vegetation. The stripping of the 
vegetation will result in the permanent reduction of natural habitat of 
reptiles, birds, frogs, insects and mammals present within the areas 

Receptors  Fauna and flora on or near to the project site will be affected by the above 
mentioned impacts. The general biodiversity as well as plant and animal 
species of special concern will be affected. 

Mitigation • The footprint of the mine should be kept as small as possible. 

• Access should be restricted to already impacted areas by ripping the 
roads and filling in trenches, and letting these areas revegetate; 

• Direct impacts of the mine on fauna SSC can be ameliorated with 
controlled vehicular movement, including speed control (see 
secondary impact section for control options for secondary impacts);  

• As set-asides for corridors cannot be outlined within the mining lease 
area, areas of primary forest that can be linked to undisturbed forest 
to the north of the site should be set aside an managed as 
conservation areas; and 

• An offset study should be done in order to determine the options 
available for offsets. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Loss of general biodiversity 

Pre-Mitigation Rating  7 6 7 7 140 

Post-Mitigation Rating  7 6 6 7 133 

With offsets 7 6 5 7 126 (Positive ) 

Loss of Floral Species of Special Concern 

Pre-Mitigation Rating  7 6 7 7 140 

Post-Mitigation Rating  7 6 6 7 133 

With offsets 7 6 5 7 126 (Positive ) 

Loss of Faunal Species of Special Concern 

Pre-Mitigation Rating  7 6 7 7 140 

Post-Mitigation Rating  7 6 6 7 133 
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With offsets 7 6 5 7 126 (Positive ) 

Environmental aspect  Loss of ecosystem function 

Description of impact The general functioning and provision of ecosystem services in the 
greater area ecosystem will be reduced and impaired. Fragmentation 
occurs with the breaking-up of continuous tracts of vegetation providing 
corridors for faunal movement and habitat as well as plant dispersal. The 
position of the mine and associated infrastructure is within a belt of 
vegetation that remains largely intact and stretches from the general 
vicinity of the mine location to the North. Fragmentation caused by the 
mine will thus be severe. Pressure to the west indicates that there is little 
remaining forest and emerging palm plantations in the surrounding areas 
have also added to fragmentation. The introduction of alien species will 
occur, but if managed properly, can be adequately controlled. 

Receptors  Movement of faunal species and plant dispersal 

Mitigation • The footprint of the mine should remain as small as possible, with new 
construction limited as far as possible to existing cleared areas; 

• Alien invasive plants should be monitored and controlled at all times 
during the construction, operation, decommissioning and closure 
phase of the mine; and 

• A corridor set aside within the mine area would mitigate fragmentation 
substantially, especially if this could be managed with the community 
over an extended period of time. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Fragmentation and edge effects 

Pre-Mitigation Rating  7 5 7 7 133 

Post-Mitigation Rating  5 3 7 6 90 

Influx of alien invasive plants 

Pre-Mitigation Rating  4 3 3 7 70 

Post-Mitigation Rating  2 3 3 4 32 

Environmental aspect  Ecological disturbance due to noise, dust and contamination 

Description of impact Dust generation, soil contamination and general truck and human activity 
may result in damage or loss of fauna and flora species. 
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Noise will also affect a wide range of taxa including avifauna, mammals, 
reptiles, amphibians and arthropods. Avifauna, especially songbirds, and 
amphibians may find it difficult to find mates in areas of increased noise. 
Mammals, reptiles and arthropods may find increased noise disturbing 
and therefore move away from the area (Brumm, 2004; Canaday and 
Rivadeneyra, 2001). 

The spillage of harmful or toxic substances may impact on the fauna and 
flora of the area in a number of ways. Direct pathways include ingestion of 
the substances by fauna species resulting in toxicity in that individual, 
uptake of toxic chemicals by the roots plants which may lead to toxicity in 
the plants and the chemicals entering the plant or animals system due to 
contact (through the skin, leaves or stems). Indirect pathways include the 
ingestion of contaminated plants or animals by other herbivorous or 
predatory species. The predation of contaminated animals by both other 
animals and humans is a common occurrence during chemical 
contamination due to these animals being sluggish, and less likely to 
escape predation, due to chemical toxicity. 

Receptors  Fauna and flora on or near to the project site will be affected by the above 
mentioned impacts. Fauna in this area will most likely move away from the 
area into other habitats. 

Mitigation • Storage of fuel and lubricants must be contained within bunded areas; 

• The vehicle hard park area should be separated from clean water 
areas with berms or channels;  

• Hydrocarbon and chemical spillages should be cleaned up using 
commercially available equipment and clean-up kits. Details of 
emergency clean-up procedures should be contained in a Pollution 
Prevention Plan that will carry though to operation;  

• Switch off equipment when not in use; 

• Keep as much vegetation as possible to aid in the noise absorption of 
the construction activities; 

• Fixed noise producing sources such as generators, to be either 
housed in enclosures or barriers put up around the noise source. The 
barriers should be installed between the noise source and sensitive 
noise receptor, closest to the noise source;  

• Construction and transport activities should also be limited to daylight 
hours, where possible; 

• Dust control measures for open areas can consist of wet suppression, 
chemical suppressants, vegetation or wind breaks, amongst others;  

• The removal of the smallest required area of vegetation and topsoil 
(i.e. the proposed servitudes and infrastructure footprints) will reduce 
the spatial scale of the impact; and 

• Phased clearing as required by the construction programme to avoid 
exposing areas prior to commencement of the works.  
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Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 3 5 5 60 

Post-Mitigation Rating  3 3 5 4 44 

Environmental aspect  Loss of biodiversity due to increased site access and influx of 
people 

Description of impact Vegetation communities will be lost largely due to clearing for additional 
farms for the support of the influx of people. Logging will result in the loss 
of some vegetation communities, as their overall structure will be lost and 
the dynamics changed. Loss of secondary vegetation is not as concerning 
as the clear loss of primary forest. These impacts are likely to occur 
regardless of the current construction activities, which have accelerated 
them. 

The general functioning and provision of ecosystem services in the 
greater area ecosystem will be reduced and impaired by increased 
logging activities, as well as increased use of natural resources (timber 
and NTFPs) and increase in slash and burn agriculture. These activities 
will all result in the influx of alien invasive species. These impacts will 
occur throughout all phases of the mine, and are not assessed separately 
as a greenfields and construction site.   

The bush meat trade was identified as one of the most severe impacts on 
faunal species in the region. This impact is largely limited to areas in the 
vicinity of the village and areas that are easily accessible from roads or 
from the open woodland areas. The clearing or construction of any further 
roads which are easily accessible by the public are likely to increase this 
impact in the region. 

Receptors  Small and medium game that inhabits the area surrounding the mine site 
will be impacted on as hunting activities increases due to both the influx of 
people to the site as well as the increased access to these areas that the 
mine affords. 

Large forest trees located within the NLGM area will be potentially 
impacted upon as a result of increased logging activities, potentially 
increase subsistence farming in the area may lead to more land being 
cleared and the use of plants for medicinal purposes may increase as 
more people have moved into the area and the increased access to these 
areas that the mine affords. 

Mitigation • Workers should be made aware of the importance of maintaining the 
biodiversity; 
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• In order to avoid hunting, domestic animals such as dogs should not 
have access to the wildlife; 

• Disturbed areas that will not be used should be rehabilitated as soon 
as possible; 

• Intact areas of primary forest should be set aside as conservation 
areas, and preferably linked to large tracts of intact forest to the north. 
Alien invasive plants should be continuously monitored and controlled 
throughout the life of the mine and thereafter 

• Where possible access to forests along haul and access roads should 
be controlled; and 

• An agricultural program should be set up; where local people are 
taught better farming practices that reduce slash and burn agriculture. 
Conservation programs involving the local people may also help to 
reduce logging. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  7 6 7 7 140 

Post-Mitigation Rating  3 3 4 4 40 

8.3.1.7 Potential aquatic ecology impacts 

The impacts on the aquatic ecology are largely linked to that of surface water quality. The 
impacts that are envisaged during the construction phase are listed in Table 8-12. 

Table 8-12: Construction phase impacts on aquatic ecology 

AQUATIC ECOLOGY 

Activities • Site clearing and leveling; 

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Earthworks during the creation of terraces, cuts and fills; 

• Earthworks during the construction of the diversion trench; 

• Construction of buildings and roads; 

• The movement, maintenance and refueling of vehicles and plant; 

• Operation and maintenance of construction camp and employee 
facilities; 

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; 

• Electricity generation; and 

• Transportation of materials/waste to and from site. 

Environmental aspect  Decrease in water quality within water courses 
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Description of impact The loss of surface roughness will result in increased run-off velocities 
and erosion potential within catchments. The result may be the 
sedimentation and more accelerated siltation of water courses and bodies. 
This will impact on the quality of the receiving systems by altering the 
water quality and impacting on the available habitat features. In addition, 
large deposits of sediment on fish eggs laid within the aquatic 
environment can cause asphyxiation or stresses affecting hatching, 
survival of larvae and juveniles, therefore limiting fish recruitment. 

The potential input or leaks of fuel and oil from the construction vehicles 
and maintenance yards could further pollute water bodies. Hydrocarbon 
layers may form on the surface of water reducing the penetration of 
oxygen in the water.  

Receptors  Fish, water birds, amphibians as well as invertebrates that inhabit the local 
streams. Indirectly, people who rely on the system for both food and water 
will be affected.  

Mitigation • Storage of fuel and lubricants must be contained within bunded areas 
with appropriate oil separators; 

• The vehicle hard park area should be separated from clean water 
areas with berms or channels; with an oil separator; 

• Hydrocarbon and chemical spillages should be cleaned up using 
commercially available equipment and clean-up kits. Details of 
emergency clean-up procedures should be contained in a Pollution 
Prevention Plan that will carry though to operation; 

• The removal of the smallest required area of vegetation and topsoil 
(i.e. the proposed servitudes and infrastructure footprints) will reduce 
the spatial scale of the impact; and 

• Phase clearing as required by the construction programme to avoid 
exposing areas prior to commencement of the works.   

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 2 4 32 

Post-Mitigation Rating  3 3 2 3 24 

Environmental aspect  Habitat alteration due the diversion of the Marvoe Creek and the 
construction of a dam 

Description of impact Diversion of the Marvoe Creek will result in the loss of aquatic habitats 
which may in turn result in a change in ecosystem function and loss of 
certain taxa. It should be noted, however, that the baseline state of 
instream and riparian habitats in this section of the Marvoe Creek is 
critically modified due to artisanal mining activities. This has already 
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resulted in substantial losses in ecosystem function and a large-scale 
reduction in the aquatic biodiversity. 

Receptors  The aquatic fauna and flora within the reach of the river below the dam 
wall and the diversion outlet into the Marvoe Creek, will be lost. 
Downstream of the diversion channel the flow dynamics may change 
resulting in alteration to habitat types and flow depth scenarios, therefore, 
affecting both vertebrates and invertebrates reliant on certain conditions 
for survival. 

Mitigation • Implement bio-monitoring system and program – seasonal; 

• Artisanal mining activities should not be permitted within the river 
diversion; 

• Sediment traps should be installed and maintained where appropriate 

• Riparian vegetation bordering on drainage lines and rivers should be 
considered environmentally sensitive and impacts on these habitats 
should be avoided;  

• If erosion has taken place, rehabilitation should commence as soon 
as possible; 

• All roads need to be maintained and any erosion ditches forming 
along the road filled; 

• Storm water must be managed so as to reduce the silt loads in the 
aquatic system; and 

• Berms/ earthen walls should be vegetated in order to avoid erosion 
and sedimentation. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  2 2 2 7 42 

Post-Mitigation Rating  2 2 2 6 36 

8.3.2 Operational phase 

8.3.2.1 Potential impacts on soils 

The potential impacts of the operational phase of the mine are summarised in Table 8-13. 

Table 8-13: Impact on soils – operational phase 

SOILS 

Activities • Topsoil stockpiling; 

• Shaping and management of the WRD; 

• Stockpiling of material at the Run of Mine; 

• The movement, maintenance and refueling of vehicles and plant; 
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• Storage of hazardous material including oils, fuels, solvents and 
curing compounds; and 

• Operation and maintenance employee facilities.  

Environmental aspect  Soil erosion of stockpiles, WRD and TSF 

Description of impact The mining operations, including the shaping and management of WRD 
and stockpile areas may lead to the formation of erosion gullies on the 
sides of the dump. 

Receptors  Downstream water users may be affected by the siltation of streams 
caused by soil erosion on the mine. 

Mitigation • Prepare stockpiles appropriately to ensure vegetation establishes 
itself; 

• Ensure stockpiles are placed on a free draining location so as to limit 
erosion loss; 

• Ensure erosion measures are put in place at all waste rock dumps 
and stockpile areas; WRD slopes are designed at 18 Degrees to 
minimise the risk of erosion when rehabilitated; 

• Topsoil stockpiles should be maintained for effective rehabilitation 
following the closure of the mine; 

• Limit stockpile height – a safe height can be regarded as the height at 
which material can be placed without repeated traffic over already 
placed material;  

• Soil erosion is a potential impact for all sloping areas. These sloping 
areas should be protected by structures such as drains, while the 
main problem would be the sloped areas of the TSF and WRD. The 
slopes will require shaping, and contouring as well as vegetation 
cover to prevent erosion; 

• Berms should be placed around stockpiled soil to prevent soil loss 
due to erosion; and 

• Site remediation should be undertaken on a concurrent basis during 
the operational phase to ensure that vegetation is restored to 
disturbed areas, which will restore some of the site’s flood attenuation 
capabilities and reduce vulnerability to erosion. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 4 7 84 

Post-Mitigation Rating  2 3 3 4 32 

Environmental aspect  Soil contamination due to leaching of soluble chemical pollutants 
and hydrocarbons 

Description of impact The potential for contaminating the soil resource is from spillages which 
may occur in operational areas. 
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Receptors  Communities and water users downstream of the mine site will be affected 
if the water quality decreases through contamination caused by the 
operational activities.  

Mitigation • Storage and use of fuels and lubricants should be confined to lined 
and bunded areas and comply with Waste Management Plan. The 
appropriate oil separators for recycling of hydrocarbons must be 
installed at these locations; 

• All heavy machinery operators and truck drivers should be instructed 
to stay in designated areas, such as construction sites and roads;  

• All maintenance should be restricted to appropriately designed 
workshops; with proper oil separators 

• Vehicle service areas must be paved or compacted. Water runoff 
traps should be constructed at the vehicle service sites to prevent 
polluted water runoff into streams 

• A contaminated water management system should be developed and 
implemented; and 

• Soil hydrocarbon contamination should be cleaned up using 
commercially available equipment and clean-up kits. Details of 
emergency clean-up procedures should be contained in a Pollution 
Prevention Plan that will carry though to operation. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 5 6 78 

Post-Mitigation Rating  3 2 5 4 40 

Environmental aspect  Soil compaction due to vehicle traffic  

Description of impact There is the potential that the movement of large vehicles and machinery 
will result in the compaction of soils 

The compaction of the soil has a serious impact during rehabilitation as 
rooting depth from plants is impaired. In addition to the compaction of soils 
limits water infiltration into the soil and thus the risk for erosion may 
increase. 

Receptors  Communities and water users downstream of the mine site will be affected 
if the water quality decreases through siltation caused by the operational 
activities. Plant growth will also be compromised in these areas if not 
ripped. 

Mitigation • Vehicles must stay on the dedicated access routes;  

• Access routes need to be sited correctly (in terms of soil types); 

• A storm water management plan must be completed for the project 
area so as to ensure that the increased runoff that will occur from the 
opened and compacted areas can be managed and controlled; and 
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• These soils need to be ripped after completion of the project if not 
used for any other purpose. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 1 6 6 72 

Post-Mitigation Rating  1 1 3 4 16 

8.3.2.2 Potential surface water impacts 

During the operation of the mine there is the potential for both water quality and quantity 
impacts to be realised. The activities that may cause these impacts and the related aspects 
are detailed below (Table 8-14). 

Table 8-14: Surface water impacts 

SURFACE WATER 

Activities • The development, operation and maintenance of the TSF and WRD;  

• Stockpiling of topsoil for use during site rehabilitation, recorded and 
surveyed;  

• The movement, maintenance and refueling of vehicles and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds; 

• Generation and handling of domestic and industrial wastes.  

• Pipeline operation; 

• The transport and storage of hazardous materials including oils, fuels, 
solvents and curing compounds; and 

• Operation and maintenance employee facilities.  

Environmental aspect  Sedimentation of surface water sources 

Description of impact Decrease in water quality through sedimentation caused by runoff from 
WRD and TSF areas. Erosion of soil stockpiles may also occur during the 
operational phase.  

Receptors  Downstream water users may be affected by the siltation of streams 
caused by soil erosion on the mine. The sedimentation will also have a 
harmful effect on aquatic biota. 

Mitigation • Ensure stockpiles are placed on a free draining location so as to limit 
erosion loss; 

• Water must be encouraged to flow from rehabilitated areas, Erosion of 
the topsoil must be prevented by using vegetation to control the 
surface flow velocity in conjunction with berms and drains; 

• Ensure erosion measures are put in place at all waste rock dumps 
and stockpile areas; 
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• Where required, the design of PCDs/ RWDs (or similar facilities suited 
to the Project) should ensure that the volume of rainwater from a 24 
hour storm can be contained at maximum operational level; and 

• Physical stabilisation methods to be installed in the MCDC as per 
design drawings. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 4 5 6 78 

Post-Mitigation Rating  2 2 5 4 36 

Environmental aspect  Decrease in water quality due to pit dewatering 

Description of impact The discharge of contaminated water from the pit through dewatering 
could result in the deterioration of surface water resources. Water 
accumulating within the pit will need to be pumped out, this water may 
contain high silt content and elevated levels of arsenic which will impact 
on the surface streams if released into them directly. 

Current indications from the water monitoring and sampling results, 
however, indicate that a naturally high level of arsenic is present in the 
natural conditions and even during operation discharge concentrations will 
potentially not be above the 0.038 mg/l currently observed in the 
groundwater. 

Receptors  People using the Marvoe Creek as a supply of water. Aquatic life within 
the river may also be affected. 

The Mafa River will receive the water from the Marvoe Creek which will 
then flow into Lake Piso.  Dilution in this high rainfall area with a positive 
water balance will, however, dilute any contamination before it reaches 
Lake Piso. 

Mitigation • Seepage capturing boreholes downstream of the WRD; 

• Monitoring of groundwater and surface water qualities on and around 
the project area; 

• Controlled discharge from the holding dam; 

• Where required, the design of PCDs should ensure that the volume of 
rainwater from a 24 hour storm can be contained at maximum 
operational level; 

• Where required, the design of PCDs should ensure that the volume of 
rainwater from a 24 hour storm can be contained at maximum 
operational level; 

• Treat the tailings in order to reduce the soluble arsenic content before 
being deposited on the facility; 

• Monitoring locations TSFDS1, TSFDS2 and EDMP1 are in place to 
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monitor effluent discharge from the mining activities and should be 
monitored in a weekly monthly and quarterly basis and evaluated 
against IFC guidelines.  If these guideline parameters are exceeded 
the recommended discharge control is options listed in section 9 of 
the Integrated Water Management Report must be implemented to 
allow higher diluting factors; 

• During the dry months there will be no effluent discharge from the 
TSF circuit if recommended water management measures are 
adhered to during these periods.  Discharge to the TSF occurs at an 
As concentration of 2 mg/l which is diluted to concentrations well 
below the IFC guideline of 0.1 mg/l by the time it reaches the 
recommended IFC monitoring point; and 

• Implement a storm water management plan. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 4 5 7 98 

Post-Mitigation Rating  3 3 2 4 32 

Environmental aspect  Decrease in water quality due to the TSF 

Description of impact Runoff from the TSF could have elevated arsenic concentrations, 
potentially resulting in impacts on humans, fauna and flora. 

Risk that As entering the environment will be above the recommended 
limits, particularly the IFC guidelines for effluent when water is discharged 
into the environment from the mine. It must be noted that currently natural 
baseline levels are currently above the WHO standards for drinking water, 
however are below the IFC guidelines for mining. 

Cyanide treatment in the process and treatment plants should bring the 
concentration levels down, however if not managed correctly will be above 
the IFC guidelines and the naturally high levels of As on site before it is 
discharge into the environment. 

Receptors  People using the Marvoe Creek as a supply of water as well as food. 
Aquatic organisms will also be affected the water quality decrease, 
particularly due to the arsenic concentrations. 

The Mafa River will receive the water from the Marvoe Creek which will 
then flow into Lake Piso.  Dilution in this high rainfall area with a positive 
water balance will however dilute any contamination downstream of the 
mine. 

Mitigation • Treatment of tailings to get arsenic levels down to at least 2 mg/l, 
before entering the TSF from the plant, or resort to alternative 
methods to ensure the effluent discharge complies with recommended 
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guidelines; 

• The following management measures are recommended for the TSF 
and WRD, namely: 

• Installation of Monitoring  boreholes downstream of TSF and WRD; 

• Seepage monitoring via  boreholes downstream of TSF and WRD; 

• Storm water channels and management around TSF allowing water 
not to flow into tailings storage area; 

• Determine whether the TSF should be lined; 

• Monitoring of groundwater and surface water qualities on and around 
the project area; 

• 5 metre deep key below the TSF wall; 

• 5 m deep French drain system below the TSF wall to allow the 
pumping of seepage water back to the TSF pool; 

• Controlled discharge from the holding dam; 

• Where required, the design of PCDs should ensure that the volume of 
rainwater from a 24 hour storm can be contained at maximum 
operational level; 

• Implementation of Cyanide Management Plan; 

• All water qualities should be classed against the appropriate local 
background conditions, and agreed standards. Monitoring locations 
TSFDS1, TSFDS2 and EDMP1 are in place to monitor effluent 
discharge from the mining activities and should be monitored in a 
weekly monthly and quarterly basis and evaluated against IFC 
guidelines.  If these guideline parameters are exceeded the 
recommended discharge control is options listed in section 9 of the 
Integrated Water Management Report must be implemented to allow 
higher diluting factors; and 

• Discharge of water from the holding dam into the Marvoe Creek 
diversion channel should be at a rate close to pre-operational levels 
with elevated discharge during the dry season.  This discharge will 
take place at D1. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 4 5 7 98 

Post-Mitigation Rating  3 3 2 4 32 

Environmental aspect  Decrease in water quality due to the WRD 

Description of impact Based on Acid Base Accounting done on the waste rock, the Sulphide-
Sulphur is less than the 0.3% benchmark required for acid generation, and 
the waste rock is unlikely to be acid generating. There is, however, the 
potential for other metals to leach from the WRD. 
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Receptors  People using the Marvoe Creek as a supply of water.  

The Marfa River will receive the water from the Marvoe Creek which will 
then flow into Lake Piso.  Dilution in this high rainfall area with a positive 
water balance will however dilute any contamination before it reaches 
Lake Piso. 

Mitigation • Seepage capturing boreholes downstream of WRD; 

• Monitoring of groundwater and surface water qualities on and around 
the project area; 

• Controlled discharge from the holding dam. 

• Ensure that all water draining from the WRD is intercepted 

• Ensure all dirty runoff reports to a pollution control dam; 

• Implement a clean/dirty stormwater management system; and 

• Design the WRD to allow seepage and runoff to flow into the sumps 
or the open pit to be dewatered and or recycled  

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 5 6 78 

Post-Mitigation Rating  3 2 2 4 28 

Environmental aspect  Contamination of downstream water resources due to runoff from 
the mining area (hydrocarbons and chemicals) 

Description of impact Leaking and spillage of hydrocarbons and other hazardous 
materials/pollutants from the pump stations, workshop areas and mine 
vehicles could result in reduced surface water quality through runoff of 
these pollutants. This could be more significant in cases of accidental 
spillages. 

The gold plant and ROM stockpile area could all impact on surface water 
quality if dirty runoff, seepage and spills are not contained. 

The presence of increased numbers of mine employees and related 
ablution facilities may lead to domestic waste spills if not properly 
managed. 

Receptors  Communities and water users downstream of the mine site will be affected 
if the water quality decreases through contamination. The biophysical 
aspects (animals and plants) associated with the system will be influenced 
by the surface water. 

Mitigation • Storage of fuel and lubricants must be contained within bunded areas 

• Access to chemical stores must be monitored; 

• Upslope water should be directed away from cleared areas; 

• The vehicle hard park area should be separated from clean water 
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areas with berms or channels and oil separators; 

• No discharge of water to be allowed if not meeting the baseline water 
criteria or the permit conditions; 

• Implementation of stormwater management system/plan; 

• Implement the emergency response plan in event of disaster; and 

• Spill kits must be available at all hydrocarbon, chemical storage and 
handling areas and at workshop areas. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 5 5 65 

Post-Mitigation Rating  3 2 2 4 28 

8.3.2.3 Potential groundwater impacts 

During the operational phase aspects of the mine such as the TSF, WRD and gold plant will 
be in use. These along with the expansion of the pit may have impacts on the groundwater 
below the mining area. The impacts that are envisaged during this phase are summarised in 
Table 8-15. 

 

Table 8-15: Potential impacts on groundwater 

GROUNDWATER 

Activities • Operation of the open pit including the dewatering of the pit; 

• Development, operation and maintenance of the TSF; 

• Development, operation and maintenance of the WRD; 

• Removal of waste rock (including drilling and blasting) 

• The movement, maintenance and refueling of vehicles and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds;  

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; and 

• Operation and maintenance of employee facilities. 

Environmental aspect  Contamination of groundwater by TSF 

Description of impact Although the tailings are not expected to be acid generating, a much 
stronger Na-Cl-SO4 signature can be expected as well as metal leaching. 
Contamination can be expected from seepage through the base of the 
TSF as well as from toe seepages and percolation from the base of 
contact water drainage ditches. 

Arsenic will be deposited onto the TSF at approximately 2 mg/l with 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

186 

 

GROUNDWATER 

seepage also expected at these concentrations and thus assess the 
necessity of the proposed lining of TSF. 

The above impact all depends on the permeability of the material 
contained within the TSF. 

Receptors  It is envisaged that the aquifers below the mine site may be impacted on. . 

Mitigation • An integrated groundwater monitoring programme needs to be 
implemented, which will act as a pre-warning system for management 
of impacts. Monitoring of mine water is also critical in order to validate 
the geochemical assessment; and 

• Assess the necessity of the proposed lining of TSF 

• Treat the tailings in order to reduce the soluble arsenic content before 
being deposited on the facility; 

• Drill seepage interception boreholes down gradient of the TSF site 

• Continuous sump and pump volume metering and water distribution 
record keeping; 

• Continued groundwater level monitoring; 

• Evaluate newly-identified impacts; and 

• Sump water quality monitoring. 

Parameters – TSF 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 7 7 112 

Post-Mitigation Rating  3 2 5 5 50 

Environmental aspect  Contamination of groundwater by WRD 

Description of impact Rainwater infiltrating through the waste rock stockpiles and/or WRD into 
the groundwater environment may have the potential to pollute the 
aquifers by means of an increase in salt loads and metal concentrations; if 
the stockpiles and waste material are acid generating. Current information 
shows that the WRD material does not show ARD potential. 

Receptors  The impacts will be kept within the mine boundaries. 

Mitigation • An integrated groundwater monitoring programme needs to be 
implemented, which will act as a pre-warning system for management 
of impacts. Monitoring of mine water is also critical in order to validate 
the geochemical assessment; 

• To reduce infiltration to the unsaturated (vadose) zone it is 
recommended that area underneath the waste rock dump be 
compacted using a natural clay liner; and 

• Locate the WRD near to the pit to ensure that seepage from the WRD 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

187 

 

GROUNDWATER 

is intercepted and captured by the pit. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 2 5 5 65 

Post-Mitigation Rating  4 2 3 4 36 

Environmental aspect  Contamination of groundwater through spillages (hydrocarbon, 
sewage and chemicals) 

Description of impact Oil or fuel spillages from mining machinery and vehicles may collect in the 
soils. During rainfall events, hydrocarbon compounds from oils and fuel in 
the soils may migrate to the subsurface water bodies with water infiltrating 
through these polluted areas. 

The storage of hazardous products and mine waste material such as 
sewage and discard may have a potential negative effect on groundwater 
quality should there be a spillage/leaks that could infiltrate through the 
soils to reach the groundwater table. 

The potential incorrect disposal of domestic waste at the offices and 
ablutions may have an impact on groundwater quality. 

The potential incorrect disposal of hazardous wastes, workshop effluent, 
as well as spills and leaks at the maintenance workshops may have an 
impact on groundwater. 

Receptors  It expected that the impacts will be localised and not affect communities 
close to the mine. 

Mitigation • An integrated groundwater monitoring programme needs to be 
implemented, which will act as a pre-warning system for management 
of impacts; 

• It is essential to contain any run-off and seepage that could potentially 
impact on the groundwater quality.  This must be accomplished by the 
diversion of clean run-off water away from the site and containment of 
run-off within the site by various storm water control measures; 

• Vehicles will be maintained regularly and kept in a good working order 

• Vehicle maintenance will not be carried out in random areas of the 
site, but in the designated workshops; and 

• Development and implementation of a hydrocarbon management 
procedure. 

Parameters  
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 
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Pre-Mitigation Rating  5 3 5 5 65 

Post-Mitigation Rating  4 2 2 4 32 

Environmental aspect  Contamination of groundwater through explosive management and 
blasting 

Description of impact Blasting activities and explosive materials may impact negatively on the 
groundwater quality if significant amounts of explosive are spilled or 
incompletely detonated. The chemical residues in the form of ammonia 
(NH4) and nitrate (NO3) may potentially leach to the groundwater table. 
However an appropriate and sensitive approach to blasting and 
explosives management will significantly reduce the threat posed. 

Receptors  It expected that the impacts will be localised and not affect communities 
close to the mine. 

Mitigation • An integrated groundwater monitoring programme needs to be 
implemented, which will act as a pre-warning system for management 
of impacts. Monitoring of mine water is also critical in order to validate 
the geochemical assessment; and 

• Use emulsion explosives. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 5 6 78 

Post-Mitigation Rating  4 2 3 4 36 

Environmental aspect  Disturbance of groundwater flow directions and decrease in 
groundwater quantity 

Description of impact When groundwater flows toward the pit during mining, it inevitably 
dewaters and lowers groundwater levels in the surrounding mining area. 
As the pit area develops, the zone of influence of the groundwater level 
drawdown migrates and expands as the groundwater system attempts to 
retain a state of equilibrium that is continuously disturbed as the pits 
dewaters the aquifer. 

Receptors  There are no receptors in close proximity to the mine that are dependent 
on groundwater. The effects will only be felt by the mine should they 
require groundwater. 

Mitigation • Alternative water supplies should be provided to groundwater users 
whose boreholes may be impacted as a result of lowering of the 
groundwater levels; 
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• Continued monitoring of the water table in de-watering and monitoring 
boreholes; and 

• Continued groundwater quality monitoring. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 3 5 7 84 

Post-Mitigation Rating  4 3 5 7 84 

8.3.2.4 Potential air quality impacts 

Drilling and blasting as well as the operation of the smelter may cause impacts on the air 
quality of the mine and its surrounds. The TSF and WRD will also contribute to these 
impacts. The potential impacts and the receptors that may be affected are detailed in Table 
8-16. 

 

Table 8-16: Air quality impacts – operational phase 

AIR QUALITY 

Activities • Topsoil stockpiling; 

• The movement, maintenance and refueling of vehicles and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds;  

• Crushing of ore; 

• Smelting of the gold; 

• Electricity generation; 

• Transportation of materials/waste to and from site;  

• Development of pit including drilling and blasting; 

• Transportation and dumping of waste material; 

• Storage and stockpiling of waste rock and waste rock; 

• Operation of the WRD; 

• ROM stockpile operation; 

• Earthmoving activities; and 

• Operation of the TSF. 

Environmental aspect  Generation of dust and other atmospheric emissions 

Description of impact Power generation (diesel generators), in-pit source emissions, including 
drilling and blasting of waste rock and ore, materials handling of waste 
rock and ore, bulldozing, and vehicle entrainment on unpaved roads are 
identified as potential sources of fugitive dust emissions. 
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The largest potential impact of the Project site would be release of NOx 
from the power generation plant, followed by expected dust release from 
the working face during the open pit mining process and in pit operations. 

Fugitive dust emissions will occur as a result of the crushing, transport 
and haulage of ore and waste rock at the mining areas and on the haul 
roads. 

Fugitive dust emissions will occur as a result of the management of waste 
rock sites. The abovementioned activities related to the operational mining 
are expected to cause fugitive dust emissions that will occur throughout 
the life of the Project. 

Whilst the TSF is un-vegetated there is a potential for dust releases. Any 
fine particles could be easily disturbed and dispersed, especially during 
dry and windy conditions. 

The RoM stockpile will also be a source of dust emissions. It is likely that 
this will continue for the life of the mine. 

The smelting on site also has the potential to create windblown dust. 
While smelter flue dust collected before stack emissions is recycled at 
most active smelters there is a potential for windblown flue dust if this 
process is not carried out efficiently. The smelting will be performed for 
limited amount of time during the year (approximately 10%). 

Vehicle exhaust emissions are predominantly NOx and PM10 and studies 
have shown that the concentrations of these decrease rapidly from the 
kerbside and that from beyond 200 m the contribution of vehicle emissions 
to local pollution levels is not significant.  

Hazardous materials and waste management impacts are related to the 
types and amount of equipment and machinery used for the operation 
phase and the waste they produce. They include evaporation of diesel fuel 
and heavy fuel from temporary tanks on site that are used for re-fuelling of 
heavy machinery and trucks, as well as possible spills during loading of 
fuel from tankers to tanks. 

Power generation will be required throughout the operation of the mine 
and likely emissions include NOx, SO2, PM10, HC, CO and CO2. 
Operational phase electricity will be generated via 8 diesel generators with 
an output capacity of 1.8 MW/h each. Emission of NOx from the diesel 
generators are found to have the most significant impact by far, followed 
by PM10 and PM2.5. 

Receptors  Dust impacts from the NLGM Project will be most significant during south 
westerly winds, which tend to occur during the summer months. However, 
during these months precipitation is likely to dampen dust and naturally 
suppress it. Impacts from construction are likely to be most significant 
when north easterly and easterly winds prevail i.e. in the winter 
(Harmattan). At this time, no precipitation is likely to occur that may 
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dampen dusty activities. The area affected by the dust will be within the 
project area, and should not affect the nearest human settlements (Kinjor 
resettlement village and mine camp). 

In terms of traffic along access roads those people living in close proximity 
to the roads will be affected by the generation of emissions by vehicles. 

Mitigation • All access and haul roads should be treated to mitigate ambient dust 
levels i.e. with, water spraying or roads to be surfaced; 

• Dust should be controlled from crushing and screening operations; 

• All topsoil and overburden storage piles should be vegetated; 

• Dust generation potential for materials handling operations within the 
open pit can be reduced by 62%, by merely doubling the moisture 
content of the material handled. A 75% reduction in dust emissions 
from unpaved in-pit haul roads can be achieved through effective 
water sprays combined with chemicals; 

• The crushing system could be enclosed with the addition of water 
sprayers to reduce the amount of fugitive dust emissions; 

• Dust control measures for open areas can consist of wet suppression, 
vegetation or wind break; 

• Wet suppressants are generally applied for short storage pile 
durations; 

• Measures aimed at reducing the extent of unpaved roads, e.g. 
paving/surfacing where possible; 

• Locate machinery, fuel and chemical storage and dust generating 
activities away from site boundaries and sensitive receptors where 
possible; 

• Utilise pre-fabricated materials to reduce cutting, grinding and sawing 

• Use water suppressant systems or dampening down whenever 
possible; 

• Use of dust extraction techniques if available; 

• Ensure that stockpiles exist for the shortest possible time; 

• Minimise surface areas of stockpiled material to reduce the surface 
area exposed to wind erosion; 

• Do not build steep sided stockpiles or those that have sharp changes 
in shape; 

• Whenever possible, keep stockpiles away from the site boundaries, 
sensitive receptors and surface drains; 

• If possible, keep stockpiles securely sheeted and only remove when 
necessary; 

• Covering and protecting of stored materials from wind and dampening 
stored materials where appropriate. 

• Pre-washing of work surfaces when scabbling; 

• Screen off work areas; 

• Secure cover for all skips, where possible; 

• Minimising drop heights to control the fall of materials; 
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• Sweeping and dampening down working areas regularly to prevent 
the build-up of fine waste dust material; 

• Implement a vehicle speed limit monitoring system on site, to help 
prevent/control dust from vehicles and for health and safety purposes 

• Traffic control measures aimed at reducing the entrainment of 
material by restricting traffic volumes and reducing vehicle speeds; 

• Measures aimed at binding the surface material or enhancing 
moisture retention, such as wet suppression; 

• Identify areas and activities of high dust generation or loading risk  

• Implement control measures for these areas. These activities could 
include for example, water spraying and dousing, use of controls and 
traffic management; 

• Scheduled maintenance of Diesel generators to be implemented;  

• Annual official inspection of site vehicles emission; 

• Limit vehicles idling motors; 

• Regular inspection of site vehicles engines and repairs if required; 

• Regular inspection of site power generators and repair if required; 

• Annual official inspection of site power plant emission in relation to 
appropriate emission limits/standards; 

• Site design with appropriate emissions abatement technology (as 
appropriate) to minimise emissions to atmosphere and to minimise 
ground level impacts from combustion emissions; 

• Areas that may be prone to erosion or where signs of erosion are 
evident will be stabilised. Methods of stabilisation include: brush-cut 
packing, mulch or chip cover, straw stabilising, sodding, hydro-
seeding, the application of soil binders and physical stabilisation 
methods such as gabions, reno-mattresses, armour flex or retaining 
walls; and 

• The total footprint area to be disturbed / developed will be kept to a 
minimum by demarcating the construction areas and restricting 
construction to these areas only. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 4 5 5 65 

Post-Mitigation Rating  2 2 1 3 15 

8.3.2.5 Potential noise impacts 

Noise generated by the mine may have impacts on the communities surrounding the mine. 
The potential impacts are described below (Table 8-17). 
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Table 8-17: Potential noise impacts 

NOISE 

Activities • Pit development including drilling and blasting; 

• The movement, maintenance and refueling of vehicles and plant; 

• Electricity generation; 

• Transportation of materials/waste to and from site;  

• Transportation and dumping of waste material; 

• Operation of the TSF; 

• Operation of the WRD; and 

• Operation and maintenance of employee facilities. 

Environmental aspect  Increase in ambient noise levels surrounding the mine site 

Description of impact During the operational phase the main source of noise will be the mining 
operations, gold plant and operation of mining equipment. Noise levels 
during operations will last for the duration of the project and will prevail 
both during the day and night. 

Although noise from the pit blasting ore and waste rock loading will occur, 
it is expected to be well contained and attenuated by the barrier effect of 
the pit walls.  

Noise from the haul trucks hauling waste rock and ore from the mine 
active bench to the WRD and ROM pad respectively is partially above 
ground level between the pit and the processing plant and, therefore, a 
more significant impact on remote sensitive receptors. However, this is an 
intermittent activity.  

It is anticipated that the continuously operating machinery such as 
materials handling and milling equipment will have the most impact on the 
ambient noise levels.  

Receptors  According to the noise dispersion model for the operational phase, the 
noise from the proposed openpit mining activities as well as processing 
plant will not measure above the IFC day and night time guidelines at the 
village of Jikando and the RAP village. 

Mitigation • Switch off equipment when not in use; 

• Keep as much vegetation as possible to aid in the noise absorption of 
the construction activities; 

• Fixed noise producing sources such as generators, to be either 
housed in enclosures or barriers put up around the noise source. The 
barriers should be installed between the noise source and sensitive 
noise receptor, closest to the noise source; 

• Blasting is generally intermittent and should be limited to daylight 
hours when ambient noise levels are highest;  

• The following with regards to blasting operations is recommended: 
o The use of millisecond delays between rows of blast holes in a 
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given blasting pattern in order to reduce the amount of explosive 
charge detonated at any given instant is recommended (Sengupta, 
1993); 

o Reduction of the powder factor, that is, use of less explosive per 
cubic yard of waste rock (Sengupta, 1993); and 

o Maintaining good public relations with the surrounding 
communities, i.e warning the local communities in advance before 
blasts. 

• Vehicles and operational equipment selected for use on the project 
site should have as low sound ratings as possible and all equipment 
should be regularly maintained; and 

• Transport and haulage activities on site should be undertaken during 
daylight hours and where this may continue into the evening, barriers 
(berms) should be created, particularly near populated areas. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  2 2 4 3 24 

Post-Mitigation Rating  1 2 4 2 14 

Environmental aspect  Increase in ambient noise levels along access routes to the mine 

Description of impact The transportation of material along designated access routes i.e. from 
Daniels Town, will occur throughout the life of the operation. These will be 
limited to supplies, normal transportation of people to and from site. This 
will result in raised noise levels along the length of these roads.   

The normal public traffic might increase the noise levels alongside the 
road due to influx of people and or business to be established along the 
road. 

Receptors  The noise during operation is likely to be local in extent and thus impact 
on the houses alongside the access road. 

Mitigation • Transport and haulage activities on site should be undertaken during 
daylight hours and where this may continue into the evening;  

• Barriers (berms) should be created, particularly near populated areas; 
and 

• Speeds should be kept to a minimum to reduce noise on the road. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  2 4 4 4 40 
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Post-Mitigation Rating  1 4 4 4 36 

8.3.2.6 Operational impacts on terrestrial ecology 

The potential impacts of the operation of the mine on the terrestrial ecology are summarised 
in Table 8-18. 

Table 8-18: Impacts on the terrestrial ecology 

TERRESTRIAL ECOLOGY 

Activities • Blasting; 

• The movement, maintenance and refueling of vehicles and plant; 

• Operation and maintenance of construction camp and employee 
facilities; 

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; 

• Electricity generation; 

• Transportation of materials/waste to and from site; 

• Transportation and dumping of waste material; 

• Operation of the TSF; and 

• Operation of the WRD. 

Environmental aspect  Ecological disturbance due to noise and dust contamination  

Description of impact Dust created during mining activities may have a negative effect on 
vegetation (both natural and subsistent) due to dust deposition on 
exposed parts, which affects transpiration and photosynthesis. 

Owing to the increase in mining related activities and vehicular movement 
along mine roads, it is likely that this will impact on local faunal 
communities. The increased noise levels, air pollution and on-going 
disturbances may unsettle local fauna. 

Vibration and noise will have a significant effect mainly on fauna species 
in the immediate vicinity of the mine, haul roads, processing plants and 
waste dump areas, due to the heavy machinery utilised for the extraction 
and transport of the ore.  

Vibration can affect a number of subterranean fauna taxa, such as 
burrowing mammals, reptiles and arthropods. Vibration affects these 
animals by causing the collapsing of burrows, and causing these animals 
to leave the area (Brodziewska, 2005).  

Receptors  Fauna and flora within and in close proximity to the mining area will be 
affected by the operational noise and dust created. 

Mitigation • Switch off equipment when not in use; 
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• Keep as much vegetation as possible to aid in the noise absorption of 
the construction activities; 

• Fixed noise producing sources such as generators, to be either 
housed in enclosures or barriers put up around the noise source. The 
barriers should be installed between the noise source and sensitive 
noise receptor, closest to the noise source;  

• Transport activities should also be limited to daylight hours, where 
possible; and 

• Dust control measures for open areas can consist of wet suppression, 
chemical suppressants, vegetation or wind breaks, amongst others. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  2 2 3 7 49 

Post-Mitigation Rating  1 1 3 6 30 

Environmental aspect  Loss of ecosystem function 

Description of impact The general functioning and provision of ecosystem services in the 
greater area ecosystem will be reduced and impaired. Fragmentation 
occurs with the breaking-up of continuous tracts of vegetation providing 
corridors for faunal movement and habitat as well as plant dispersal. The 
position of the mine and associated infrastructure is within a green belt of 
vegetation that remains largely intact and stretches from the general 
vicinity of the mine location to the North. Fragmentation caused by the 
mine will thus be severe. Pressure to the west indicates that there is little 
remaining forest and emerging palm plantations in the surrounding areas 
have also added to fragmentation. The introduction of alien species will 
occur, but if managed properly, can be adequately controlled. 

Receptors  Fauna and flora on or near to the project site will be affected by the above 
mentioned impacts.  

Mitigation • Set-aside areas should be identified before infrastructure is placed to 
maintain connectivity to intact areas of primary forest. This would 
maintain ecosystem function as well as corridors for faunal and floral 
movement and the maintenance of gene flow; 

• The footprint area of the mine should be kept as small as possible, 
reducing the fragmentation of the landscape; and 

• Alien invasive plants should be continuously monitored and controlled 
throughout the life of the mine and thereafter. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 
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Influx of alien invasive plants 

Pre-Mitigation Rating  6 3 6 7 105 

Post-Mitigation Rating  2 3 5 6 60 

Environmental aspect  Ecological disturbance due to chemical and hydrocarbon 
contamination of soil and water 

Description of impact Chemicals (such as hydrocarbons and cyanide) can have a negative 
effect on the flora and fauna in the area in which it is spilled, direct contact 
with plant and animal species can cause injury or death of the species. 
Larger spills may leach into the soil causing changes in the soil chemistry 
in the area which may be detrimental to the plant species in the area 
(Bråkenhielm and Qinghong, 1995). Small spills are likely to pose low 
risks to the fauna and flora of the area where the spills occur, these risks 
increase with an increase in the volume of the spill. 

There is a potential that seepage from the TSF may contain arsenic. If not 
managed this water could flow into the environment where animals and 
plants would be exposed to it causing harm. 

Receptors  Plants and animals within the mine area as well as those in areas 
surrounding the mine and those reliant on the Marvoe Creek as a source 
of water. 

Mitigation • Storage of fuel and lubricants must be contained within bunded areas 
with appropriate oil separators; 

• Five metre deep key below the TSF wall 

• Monitoring of groundwater and surface water qualities in and around 
the project area; 

• Instillation of a 5 m deep French drain system below the TSF wall and 
this will lead to a sump and pump; 

• The vehicle hard park area should be separated from clean water 
areas with berms or channels; and 

• Hydrocarbon and chemical spillages should be cleaned up using 
commercially available equipment and clean-up kits. Details of 
emergency clean-up procedures should be contained in a Pollution 
Prevention Plan that will carry though to operation. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 5 6 78 

Post-Mitigation Rating  3 2 2 4 28 
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Environmental aspect  Increased site access and human activity could decrease the areas 
biodiversity 

Description of impact The continued presence of human activity may cause the removal of 
vegetation for domestic uses such as firewood and building materials.  

Trees in this area are at risk to logging activities and deforestation of the 
area around the project site and along access roads may occur. 

The bush meat trade was identified as one of the most severe impacts on 
faunal species in the region. This impact is largely limited to areas in the 
vicinity of the village and areas that are easily accessible from roads or 
from the open woodland areas. The clearing or constructions of any 
further roads which are easily accessible by the public are likely to 
increase this impact in the region. 

The interruption of animal movement due to conveyors, fences and roads 
is also an impact of the operational phase, along with the impact of 
vehicles and associated road deaths when animals cross the roads. 

Receptors  The Primary Forest and older Secondary Forest will be impacted on by 
logging activities. Small game will also be affected by an increase in 
hunting activities. 

Mitigation • Plants of importance, such as those of special concern, should be 
relocated to a safe area such as a nursery or area that will not be 
disturbed. A nursery should be set up for this purpose as well as to 
propagate appropriate species for rehabilitation. This nursery could be 
outsourced to stimulate new business opportunities in the local 
communities; 

• Where possible access to the site should be controlled; 

• The NLGM employees involved with the operation of the mine should 
be educated about the importance of protecting the biodiversity; 

• Hunting of animals by employees must be prohibited; 

• A speed limit should be stipulated and adhered to at all times to 
prevent road related deaths; 

• Vehicles should be restricted to the demarcated roads and areas 
around the operation; and 

• Certain areas should be fenced off to prevent the larger mammals 
entering areas which could pose a danger to them. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  7 6 7 7 140 

Post-Mitigation Rating  3 3 4 4 40 
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8.3.2.7 Potential impacts on the aquatic ecology 

The diversion along with the operation of the TSF and WRD may have impacts on the 
aquatic ecology. These are described in Table 8-19. 

Table 8-19: Impacts on the aquatic ecology 

AQUATIC ECOLOGY 

Activities • The movement, maintenance and refueling of vehicles and plant; 

• Operation and maintenance of employee facilities; 

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; 

• Diversion of the Marvoe Creek; 

• Operation of the TSF and WRD; 

• Dewatering of the open pit; 

• Electricity generation; and 

• Transportation of materials/waste to and from site. 

Environmental aspect  Decrease in water quality within water courses  

Description of impact During the operational phase of the mine rainfall is likely to filter through 
into the WRD. This water is likely to accumulate particles and pollutants 
that may pose a risk to the surrounding water courses. Sediment that 
washes off the WRD during periods of rainfall may contribute to increased 
sedimentation in the aquatic environment. This will result in decreased 
ecosystem function and may have a limiting effect on aquatic biota. 

The potential input or leaks of fuel and oil from the vehicles and machinery 
used during the operational phase, as well as the maintenance yards, if 
not managed properly could pollute water bodies. Hydrocarbon layers 
may form on the surface of water reducing the penetration of oxygen in 
the water.  

Water quality contamination could occur due to run-off from the tailings 
storage facility. This may cause a decrease in the water quality, which in 
turn could result in changes to the ecosystem structure and function as 
well as a potential loss of biodiversity. Water quality pollution often leads 
to modification of the species composition where sensitive species are lost 
and organisms tolerant to environmental changes dominate the 
community structure. 

The dewatering of the pit may cause elevated levels of arsenic in the 
water which would impact on aquatic organisms. 

Should sewage from the mine village not be managed correctly, leaks and 
spills may occur which would impact on the water quality of the receiving 
streams. 

Receptors  Aquatic biota and locals using the system for food and water. 
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Mitigation • Storage of fuel and lubricants must be contained within bunded areas 
with appropriate oil separators; with a capacity to hold 24 hour24hour 
storm event; 

• The vehicle park area should be separated from clean water areas 
with berms or channels; with appropriate oil separator  

• Hydrocarbon and chemical spillages should be cleaned up using 
commercially available equipment and clean-up kits. Details of 
emergency clean-up procedures should be contained in a Pollution 
Prevention Plan that will carry though to operation; 

• Correct sewage management technology to cater for the volumes 
produced; 

• The removal of the smallest required area of vegetation and topsoil 
(i.e. the proposed servitudes and infrastructure footprints) will reduce 
the spatial scale of the impact; and 

• Develop a water monitoring programme for the site with respect to 
aquatic biota and the impacts that the proposed mine operations will 
have on them. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 4 5 6 90 

Post-Mitigation Rating  4 3 5 4 48 

Environmental aspect  Lack of connectivity within the Marvoe Creek due to the dam 

Description of impact The dam will create a barrier restricting the migration of aquatic biota 
across the system. This will impact on important life cycle stages such as 
spawning and breeding. 

Receptors  Aquatic biota, predominantly fish. 

Mitigation • Construction of a fish ladder at the dam wall to allow fish to move up 
and down the Marvoe Creek (cost to be determined); and 

• Prevent fishing the diversion trench as well as at the fish ladder; and 

• Habitat recreation with the diversion trench.  

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 4 5 6 84 

Post-Mitigation Rating  3 3 5 3 33 

Environmental aspect  Increased pressure on aquatic resources due to the influx of people 
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into the ar ea 

Description of impact It is expected that development of the NLGM Project will result in an influx 
of people into the vicinity of the project area. Apart from those people who 
are working directly for the project during the operational phase, a 
development of this nature attracts people that provide secondary 
services to the labour force. This influx of people into the area will result in 
increased pressure on the natural resources of the area. This is likely to 
result in increased pressure on fish communities in the Marvoe Creek and 
Mafa River. 

Receptors  Fish species with the Marvoe Creek are likely to be affected through 
fishing activities during the operation of the mine. 

Mitigation • Prevent fishing within the diversion trench; 

• Develop a management procedures for the sustainable use of the 
dam; and 

• Education of staff and local villagers in terms of sustainable utilization 
of natural resources. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 4 5 6 78 

Post-Mitigation Rating  2 2 5 4 36 

Environmental aspect  Discharge of water from the pit  

Description of impact Effluent discharge from the NLGM operations, if not managed properly 
can potentially cause a decrease of water quality in the downstream 
systems.  However, based on current, as a result of the positive water 
balance, potential contaminants will be below detection levels once it 
reaches Lake Piso and the RAMSAR site. 

Receptors  Water users located downstream of the pit and effects on fish species. 

Mitigation • Seepage capturing boreholes downstream of WRD; 

• Monitoring of groundwater and surface water qualities on and 
around the project area; 

• Controlled discharge from the holding dam; 

• Where required, the design of PCDs should ensure that the 
volume of rainwater from a 24 hour storm can be contained at 
maximum operational level; 

• Where required, the design of PCDs should ensure that the 
volume of rainwater from a 24 hour storm can be contained at 
maximum operational level; 
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• Treat the tailings in order to reduce the soluble arsenic content 
before being deposited on the facility; 

• Monitoring locations TSFDS1, TSFDS2 and EDMP1 are in place 
to monitor effluent discharge from the mining activities and should 
be monitored in a weekly monthly and quarterly basis and 
evaluated against IFC guidelines.  If these guideline parameters 
are exceeded the recommended discharge control is options 
listed in section 9 of the Integrated Water Management Report 
must be implemented to allow higher diluting factors; 

• During the dry months there will be no effluent discharge from the 
TSF circuit if recommended water management measures are 
adhered to during these periods.  Discharge to the TSF occurs at 
an As concentration of 2 mg/l which is diluted to concentrations 
well below the IFC guideline of 0.1 mg/l by the time it reaches the 
recommended IFC monitoring point; and 

• Implement a storm water management plan. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 4 5 6 78 

Post-Mitigation Rating  2 2 5 4 36 

8.3.3 Decommissioning phase 

8.3.3.1 Potential impacts on soils during the decommissioning phase 

The impacts on the soil during the decommissioning phase are shown in Table 8-20. 

Table 8-20: Soil impacts 

SOILS 

Activities • Topsoil spreading; 

• Shaping of the WRD; 

• The movement, maintenance and refueling of vehicles and plant; 

• Re-vegetation of disturbed areas; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds; and 

• Operation and maintenance of employee facilities.  

Environmental aspect  Erosion of soils due to site decommissioning activities. 

Description of impact Decommissioning and closure activities may result in soil disturbance and 
the activities associated with the decommissioning phase will be similar to 
those during the operational phase. 
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Receptors  Downstream water users may be affected by the siltation of streams 
caused by soil erosion on the mine. 

Mitigation • Keep vehicles on dedicated roads to avoid compaction; 

• All foundation trenches need to be filled; 

• Access and Roads will be ripped; 

• Areas where infrastructure was removed need to be vegetated using 
site specific species; 

• Monitor erosion and compaction in areas of rehabilitation; 

• Minimise footprint area during decommissioning; and 

• Ensure post mining land use suits the land capability. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 4 2 4 36 

Post-Mitigation Rating  2 2 2 3 18 

Environmental aspect  Soil Contamination due to spills (hydrocarbons) 

Description of impact The potential for soil contamination during the decommissioning phase will 
be dependent on the presence of vehicles. It is likely that spills from the 
machinery used as well as through the storage of hydrocarbons will occur. 
These spills will contaminate the soil and may affect surface water quality 
through run off from the site.  

Receptors  Communities and water users downstream of the mine site will be affected 
if the water quality decreases through contamination caused by the 
operational activities. 

Mitigation • Storage of fuel and lubricants must be contained within bunded areas; 
with appropriate oil separators; 

• Vehicle service areas must be paved or compacted. Water runoff 
traps should be constructed at the vehicle service sites to prevent 
polluted water runoff into streams, fitted with an oil trap; 

• Accidental hydrocarbon spillages should be reported immediately, and 
then the affected soil should be removed, and rehabilitated; 

• Alternatively, contaminated soil needs to be treated with bio-
remediation products; 

• Soil hydrocarbon contamination should be cleaned up using bio-
remediation and clean-up kits; 

• Implement the emergency response plan in event of disaster; 

• Spill kits must be available at all hydrocarbon, chemical storage and 
handling areas and at workshop areas. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 
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Pre-Mitigation Rating  4 3 2 6 54 

Post-Mitigation Rating  2 2 2 4 24 

8.3.3.2 Surface water impacts 

The potential impacts on surface water during the decommissioning phase will be similar to 
those experienced during the construction of the mine. The impacts as well as the proposed 
mitigation measures are detailed in Table 8-21. 

 

Table 8-21: potential surface water impacts 

SURFACE WATER 

Activities • Decommissioning of the pit - allowing it to fill with water; 

• Rehabilitation and vegetation of the TSF; 

• Shaping and rehabilitation of the WRD; 

• The movement, maintenance and refueling of vehicles and plant; 

• Re-vegetation of disturbed areas; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds; and 

• Operation and maintenance of employee facilities.  

Environmental aspect  Decrease in water quality through sedimentation and contamination 

Description of impact Decommissioning and closure activities could result in increased erosion 
and sedimentation of local streams, as well as pollution of surface water if 
no provision for waste removal is created. This could subsequently impact 
on downstream users. Water needs to be contained during this phase and 
returned into the catchment, i.e. general surface flow, when appropriate. 

Receptors  Downstream water users may be affected by the siltation and 
contamination of streams caused by decommissioning activities on the 
mine. 

Mitigation • Erosion control measures must be put into place at all disturbed areas 

• Storm water management measures should be maintained during 
closure; 

• Storage of fuel and lubricants must be contained within bunded areas; 

• Vehicle service areas must be paved or compacted. Water runoff 
traps should be constructed at the vehicle service sites to prevent 
polluted water runoff into streams; 

• Accidental hydrocarbon spillages should be reported and cleaned up 
immediately, and the affected soil should be removed, and 
rehabilitated; 

• Environmental monitoring should continue for a period of at least five 
years after mining, or until a trend is established. In the event that 
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water quality is poor, a stream analysis should be performed to 
determine the possible sources of pollution and recommend mitigation 
measures; 

• Through decommissioning and post closure monitoring, the mine 
needs to identify pollution occurring and the success of the 
rehabilitation programme; and 

• The monitoring of surface water must be continued during the 
decommissioning phase. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 4 2 5 50 

Post-Mitigation Rating  2 2 2 3 18 

Environmental aspect  Decant of the pit water into the environment 

Description of impact The site is in a high rainfall, low evaporation climatic area. The pit will fill 
and decant sometime in the future after closure of the mine. Water from 
the pit is expected to be at elevated levels during decant, however, this 
should not be above the natural dry season level of 0.038 mg/l for As 
concentrations. 

Receptors  People using the Marvoe Creek as a supply of water.  

The Marfa River will receive the water from the Marvoe Creek which will 
then flow into Lake Piso.  Dilution in this high rainfall area with a positive 
water balance will however dilute any contamination before it reaches 
Lake Piso. 

Mitigation • Relevant post closure monitoring on surface water should be 
undertaken;  

• Groundwater modelling of the potential decant should be 
verified/calibrated in order to plan for management of decant onto 
surface to ensure water quality is within the relevant standards; or 
permit conditions and 

• Conduct research closer to the mine closure to determine whether 
treatment is required and if so, how it would be treated to acceptable 
water quality standards. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  2 4 7 3 39 

Post-Mitigation Rating  2 4 7 3 39 

Environmental aspect  Decrease in water quality due to runoff from the TSF 
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Description of impact • Surface runoff from the TSF may decrease the water quality; 

• Potential seepage of arsenic leachate from the TSF into the 
groundwater systems leading to deterioration of groundwater quality; 

• Potential overflow of arsenic contaminated water from the TSF into 
the environment; and 

• Infiltration of contaminated water originating from toe seepage from 
the TSF into the shallow groundwater system and potentially to 
surface water streams. 

Receptors  • People using the Marvoe Creek as a supply of water.  

• The Marfa River will receive the water from the Marvoe Creek which 
will then flow into Lake Piso.  Dilution in this high rainfall area with a 
positive water balance will however dilute any contamination before it 
reaches Lake Piso. 

Mitigation • Relevant post closure monitoring on surface water should be 
undertaken; 

• Capping of the TSF with soils and for self-regeneration vegetation; 
and 

• Monitoring of groundwater and surface water qualities on and around 
the project area. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 4 5 7 98 

Post-Mitigation Rating  2 3 3 3 24 

Environmental aspect  Decrease in water quality due to runoff from the WRD 

Description of impact • Increased runoff from rainfall on WRD and open areas; and  

• Seepage of contaminated water from the WRD entering the surface 
streams and exiting the site 

Receptors  Local groundwater 

Mitigation • Relevant post closure monitoring on surface water should be 
undertaken; and 

• Rehabilitation of the WRD as planned. 

Parameters  
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 5 6 78 

Post-Mitigation Rating  2 3 3 3 24 
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8.3.3.3 Potential groundwater impacts 

Although rehabilitation will take place during the decommissioning phase, there are potential 
impacts associated with the TSF and WRD that may be long term if mitigation is not applied. 
These impacts are detailed in Table 8-22. 

Table 8-22: groundwater impacts 

GROUNDWATER 

Activities • Decommissioning of the open pit; 

• Rehabilitation and vegetation of the TSF; 

• Shaping and rehabilitation of the WRD; 

• The movement, maintenance and refueling of vehicles and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds;  

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; and 

• Operation and maintenance of the employee facilities. 

Environmental aspect  Contamination of groundwater through spillages 

Description of impact Oil or fuel spillages from the machinery and vehicles used during the 
decommissioning phase may collect in the soils. These contaminated soils 
(hydrocarbons) may result in local groundwater pollution should rainfall 
migrate into the aquifers. 

Receptors  This will be limited to the groundwater associated with the mining area. 

Mitigation • Containment of all oil storage facilities within a bunded area; 

• Ensure correct protocols are in place and are taken regarding clean 
ups of any spills or leaks; and 

• Continuation of groundwater monitoring programme during the 
decommissioning phase. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 3 4 44 

Post-Mitigation Rating  3 2 2 3 21 

Environmental aspect  Decrease in water quality caused by the TSF 

Description of impact Contamination of the groundwater could occur should rainwater leach 
through the TSF into the aquifer below. This impact will, however, be 
reduced as the TSF will be capped and a permanent spillway will be in 
operation to drain water from the facility. 
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Receptors  Same as operational and construction phase. 

Mitigation • Rehabilitation through vegetation on the TSF; 

• Capping the TSF with soils and vegetation; 

• Monitoring of groundwater and surface water qualities on and around 
the project area; 

• Drilling of water supply boreholes to downstream users for use during 
periods in which water supply in surface water stream will be 
decreased or cut off; 

• Construct a permanent spillway to ensure physical stability of the 
facility during storm events; 

• Continued groundwater level monitoring; and 

• Evaluate newly-identified impacts. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 7 7 112 

Post-Mitigation Rating  2 3 3 4 32 

Environmental aspect  Decrease in water quality due to the WRD leaching 

Description of impact Post closure the WRD is seen as a possible source of groundwater 
contamination as metals leach from the waste material into the aquifer 
below. 

Receptors  Same as operational and construction phase. 

Mitigation • Mineralised rock should be placed on a prepared base and attempt 
should be made to encapsulate it with remaining waste rock. 

Parameters  
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 2 5 5 65 

Post-Mitigation Rating  3 2 3 4 32 

8.3.3.4 Potential impacts on air quality  

Due to the increase of vehicles on site during the decommissioning phase there is the 
potential for the air quality to be impacted. These potential impacts are described in Table 
8-23. 
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Table 8-23: Air quality impacts 

AIR QUALITY 

Activities • Topsoil spreading; 

• The movement, maintenance and refueling of vehicles and plant; 

• Transportation of materials/waste to and from site;  

• Rehabilitation of the TSF 

• Shaping of the WRD; and 

• Earthmoving activities. 

Environmental aspect  Generation of dust and other atmospheric emissions 

Description of impact During decommissioning and closure, the main source of air pollution 
(increased ambient dust) would have decreased due to the cessation of 
mining activities.  

There will, however, be a period where areas are not yet re- vegetated, 
and this could lead to erosion and associated dust releases, especially 
under dry conditions. Haul road traffic is often a major dust source during 
decommissioning through the re-suspension of any dust on the haul roads 
and dispersion of materials from vehicle tyres. 

The decommissioning of the smelter has the potential to create windblown 
dust if it is dismantled as some dust will still be present in the system and 
any associated stacks. 

This phase will include the covering and vegetation of the TSF, WRD and 
surface areas. Once closure is completed, the potential for fugitive dust 
impacts will have been rendered negligible should comprehensive 
rehabilitation have taken place. 

Receptors  The activities will have localised impact within the pit and plant area, and 
no sensitive receptors will be affected 

Mitigation • The onsite dust suppression and monitoring methods need to be 
continued during the decommissioning phase 

• Dust control measures for open areas can consist of wet suppression, 
vegetation, wind breaks, etc; 

• Ensure vegetation cover to disturbed areas as per the rehabilitation 
plan; and 

• The long-term effectiveness of suitable vegetation selected for the site 
will be dependent on the nature of the cover. Access roads and haul 
road to be ripped. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 4 2 4 40 
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Post-Mitigation Rating  2 2 1 3 15 

8.3.3.5 Potential noise impacts 

During the decommissioning phase noise will be generated through demolition activities as 
well as due to the number of vehicles on site. The impacts associated with these activities 
are detailed below in Table 8-24. 

Table 8-24: Noise impacts 

NOISE 

Activities • The movement, maintenance and refueling of vehicles and plant; 

• Transportation of materials/waste to and from site;  

• Rehabilitation of the TSF; 

• Shaping of the WRD; and 

• Earthmoving activities. 

Environmental aspect  Increase in ambient noise levels at the mine site 

Description of impact During decommissioning, noise levels are expected to increase in areas 
where infrastructure will be removed and material is transported. The main 
component of the noise emissions will be caused by diesel-powered 
equipment, and the demolition of buildings, as well as the movement of 
vehicles. The noise will be experienced predominantly during the day.  

Once closure is completed, noise levels will decrease and a neutral 
impact is expected (as noise levels return to baseline conditions). 

Mitigation • Switch off equipment when not in use; 

• Reduce the noise at the source. This includes ensuring silencers on 
vehicles, using rubber linings, enclosing sources, etc; 

• Place a screen between the source and the receiver; 

• Enclose the source of the noise; 

• Speed limits must be enforced; 

• Systematic maintenance of all forms of equipment; and 

• Training of personnel to adhere to operational procedures that reduce 
the occurrence and magnitude of individual noisy events. 

Receptors  The noise during decommissioning is likely to be local in extent and thus 
impact on the mine workers only.  

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  2 2 2 3 18 
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NOISE 

Post-Mitigation Rating  1 2 2 3 15 

Environmental aspect  Increase in ambient noise levels along the access road 

Description of impact During the decommissioning phase there will be an increase in vehicle 
traffic to and from the mine. This will have an impact on the noise levels 
along the road to the mine and thus the people living in close proximity to 
the road. 

Mitigation • Speed limits must be enforced. 

Receptors  Those communities living within close proximity to the road. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 4 2 4 36 

Post-Mitigation Rating  2 4 2 4 32 

8.3.3.6 Decommissioning Impacts on the terrestrial ecology 

The potential impacts on the terrestrial ecology caused by decommissioning activities are 
summarised in Table 8-25. 

Table 8-25: Impacts on the terrestrial ecology 

TERRESTRIAL ECOLOGY 

Activities • The movement, maintenance and refueling of vehicles and plant; 

• The transport and storage of hazardous material including oils, fuels, 
solvents and curing compounds; 

• Rehabilitation of the TSF; 

• Shaping of the WRD; and 

• Earthmoving activities; 

Environmental aspect  Ecological disturbance due to noise and dust 

Description of impact During the decommissioning and closure phase, there will be initial 
continued environmental impacts as heavy machinery will be utilised to 
remove infrastructure and earth moving equipment will be used to contour 
and rehabilitate all disturbed areas. This may cause increased dust levels 
due to exposure and mobilisation of soils which will impact on plants. 
There will also likely be an increase in noise levels which will discourage 
animals from returning to the site. 

The initial impacts will be similar in nature to those of the construction 
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phase and in the short term will be predominantly negative. 

After this phase, however, the area will be re-vegetated with indigenous 
species to stabilise soils in the rehabilitated areas and to reduce soil 
erosion and improve storm water run-off drainage. This will be a positive 
impact. If surrounding areas are kept in their natural state, populations of 
vegetation and animals will be available to move (or be moved) into newly 
rehabilitated areas. The introduction of vegetation will attract animals into 
the area, first insects and smaller herbivores followed by larger carnivores 
and scavengers. Depending on how well the surrounding areas are 
maintained will determine how fast this process happens. If surrounding 
areas are kept in their natural state as far as possible then source 
populations of vegetation and animals will be available to move into newly 
rehabilitated areas. This will speed up natural succession in the area.  

Receptors  The fauna and flora surrounding the mine will likely be affected. 

Mitigation • The rehabilitation of the vegetation should allow for the natural return 
of animal life to the area due to the presence of suitable habitats; 

• Machinery and vehicles used in the closure process should be 
restricted to the demarcated areas such as roads and previously 
disturbed areas; 

• The stipulated speed limits should be adhered to at all times; and 

• Monitoring should be continued after closure to ensure biodiversity 
attains pre-mining levels. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 3 2 5 45 

Post-Mitigation Rating  2 2 1 3 15 

Environmental aspect  Ecological disturbance due to contamination through hydrocarbon 
spills 

Description of impact Potential contamination of soil with various wastes, including illegally 
dumped material and hydrocarbon spills may occur, which will directly 
impact on vegetation and soil-dwelling animals and indirectly on other 
animals. 

Receptors  Animals and plants that come into contact with the waste sites. There is 
also the potential for water sources to be contaminated and plants and 
animals will be affected if they come into contact with this water. 

Mitigation • The rehabilitation of the vegetation should allow for the natural return 
of animal life to the area due to the presence of suitable habitats; 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

213 

 

TERRESTRIAL ECOLOGY 

• Machinery and vehicles used in the closure process should be 
restricted to the demarcated areas such as roads and previously 
disturbed areas; and 

• Monitoring should be continued after closure to ensure biodiversity 
attains pre-mining levels. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 3 2 5 45 

Post-Mitigation Rating  2 2 2 3 18 

Environmental aspect  Loss of ecosystem function 

Description of impact The general functioning and provision of ecosystem services in the 
greater area ecosystem will be reduced and impaired. Fragmentation 
occurs with the breaking-up of continuous tracts of vegetation providing 
corridors for faunal movement and habitat as well as plant dispersal. The 
position of the mine and associated infrastructure is within a green belt of 
vegetation that remains largely intact and stretches from the general 
vicinity of the mine location to the North. Fragmentation caused by the 
mine will thus be severe. Pressure to the west indicates that there is little 
remaining forest and emerging palm plantations in the surrounding areas 
have also added to fragmentation. The introduction of alien species will 
occur, but if managed properly, can be adequately controlled.  

Receptors  Fauna and flora on or near to the project site will be affected by the above 
mentioned impacts.  

Mitigation • The footprint area of the mine should be kept as small as possible, 
reducing the fragmentation of the landscape; and 

• Alien invasive plants should be continuously monitored and controlled 
throughout the life of the mine and thereafter. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 6 7 105 

Post-Mitigation Rating  2 3 6 4 44 

Environmental aspect  Unsustainable use of natural resources 

Description of impact During the decommissioning and closure phase, there will be increased 
human activity on site and additional contractors in the area. This may 
cause an increase in resource use such as cutting down trees for wood 
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and hunting for food. 

Receptors  The impact will be felt by the forests both in close proximity to the mine 
and the road to the mine as access to the forests will be easier. Animals 
around the mine site will also be affected if hunting during 
decommissioning takes place. 

Mitigation • The rehabilitation of the vegetation should allow for the natural return 
of animal life to the area due to the presence of suitable habitats; 

• Machinery and vehicles used in the closure process should be 
restricted to the demarcated areas such as roads and previously 
disturbed areas; 

• The stipulated speed limits should be adhered to at all times; and 

• Monitoring should be continued after closure to ensure biodiversity 
attains pre-mining levels. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  7 6 7 7 140 

Post-Mitigation Rating  3 3 4 4 40 

8.3.3.7 Decommissioning impacts on aquatic ecology 

The reduction in water quality through contamination and sedimentation may have an impact 
on the aquatic ecology. These impacts are explained in Table 8-26. 

Table 8-26: Impacts on the aquatic ecology 

AQUATIC ECOLOGY 

Activities • Decommissioning of the pit allowing it to fill with water; 

• Rehabilitation and vegetation of the TSF; 

• Shaping and rehabilitation of the WRD; 

• The movement, maintenance and refueling of vehicles and plant; 

• Re-vegetation of disturbed areas; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds; and 

• Operation and maintenance of employee facilities. 

Environmental aspect  Contamination of surface water – Sedimentation 

Description of impact Bare areas exposed during the decommissioning phase may be 
susceptible to erosion. The eroded sediment material will be carried to the 
streams and rivers within the project area e.g. Marvoe Creek. The 
sedimentation process will impact on the water quality of the rivers and 
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possibly change the hydrological regime.  

Erosion of the TSF and WRD may have the same impacts if not 
rehabilitated properly. 

Receptors  Aquatic organisms, particularly those within the Marvoe Creek. 

Mitigation • Water must be encouraged to flow off any rehabilitated surface, as 
surface flow, as quickly as possible without causing erosion; 

• Erosion of the topsoil must be prevented by using vegetation to 
control the surface flow velocity in conjunction with berms and drains; 
and 

• Ensure erosion measures are put in place at all waste rock dumps 
and stockpile areas. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 2 4 32 

Post-Mitigation Rating  3 3 2 3 24 

Environmental aspect  Contamination of surface water – Hydrocarbons and chemicals  

Description of impact Spillage of hazardous material as well as improper disposal of rubble, 
could result in water quality deterioration. 

Receptors  Aquatic fauna and flora that come into contact with the water 

Mitigation • Storage of fuel and lubricants must be contained within bunded areas 
and adequate oil separators; 

• The vehicle park area should be separated from clean water areas 
with berms or channels;  and appropriate oil separator; 

• Hydrocarbon and chemical spillages should be cleaned up using 
commercially available equipment and clean-up kits. Details of 
emergency clean-up procedures should be contained in a Pollution 
Prevention Plan that will carry though to operation; 

• Correct sewage management technology to cater for the volumes 
produced; and 

• Implementation of hydrocarbon management procedure. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 2 4 32 

Post-Mitigation Rating  3 3 2 3 24 
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8.4 Social Impact Identification 

Impacts have been assessed in terms of anticipated effects of the NLGM Project on the 
receiving socio-economic environment, on directly affected households and stakeholders at 
the local, district, national and international level (where applicable). 

During the SIA process, the significance of the identified impacts was determined. 
Recommended mitigation measures relative to significant Project impacts that are to be 
implemented, are also indicated below.  

8.4.1 Construction phase 

8.4.1.1 Potential impacts on socio-economic conditions 

The socio economic impacts, both positive and negative, associated with the construction 
phase of the NLGM are summarised in Table 8-27. 

Table 8-27: Socio economic impacts 

SOCIO ECONOMIC 

Activities • Recruitment, procurement and employment of local and international 
staff; 

• Relocation of Kinjor and Larjor villages; 

• Development and expansion of haul roads and access routes to the 
mine, including: 
o Upgrading of the haul road from Daniels Town to the mine. 
o Creating exploration paths for drilling. 
o Construction of haul and access roads to transport waste rock 

and material from the pit to the processing plant. 
o Construction of general access routes around the mine site. 
o Construction of a new access road from Jikando to the Daniels 

Town public road. 

• Compaction of the roads. 

• Clearance and stripping of vegetation; 

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Topsoil stockpiling; 

• Compaction of laydown areas and construction areas for example the 
TSF and processing plant areas; 

• Upgrading of the haul road; 

• Earthworks during the creation of terraces, cuts and fills; 

• Pipeline installation; 

• Construction of buildings and roads; 

• The movement, maintenance and refueling of vehicles and plant; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds; and 

• Operation and maintenance of construction camp and employee 
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facilities. 

Environmental aspect  Physical and economic displacement - Mine 

Description of impact Kinjor and Larjor will be directly affected by the NLGM as they are 
currently located within or adjacent to the proposed mine pit. Development 
of the NLGM will require the resettlement of Kinjor and Larjor residents (2 
077 people in January 2013), as well as the replacement or compensation 
of all dwelling- and business structures, community facilities, economic 
trees agricultural fields, graves and sacred sites located within the 
proposed mine footprint and associated 500m blasting zone . 
Disturbances to the area may impact the potential for hunting wild 
animals, providing both household sustenance and a source of income 
(Golder, 2012). 

Receptors  The majority of the social impacts will be directly felt by the villages of 
Kinjor and Larjor as they will have to be resettled.  

Other surrounding villages may be affected indirectly by the mining 
operation. 

Mitigation • The Resettlement Action Plan should be implemented; 

• The significant physical and economic displacement of households 
will require a Resettlement Action Plan. This plan should include 
compensation for structures and loss of assets and support with 
moving to a new location and establishing a homestead; 

• Displacement of the private landowners will be a negotiated 
displacement, a Type I impact in terms of PS5; mitigation should 
include the option of a lease agreement between BMMC and MDA to 
provide BMMC access to the land; 

• The development of alternative livelihood strategies should be the 
preferred mitigation measure, maximising all possibilities for 
involvement in Employment opportunities available. Although many of 
these positions will be skilled positions, the establishment of 
appropriate training and skills development at an early stage will allow 
local community members to benefit from such opportunities; 

• Implement the Livelihood Restoration Plan (embedded in the  
Community Development Plan)  to ensure households are not left 
worse off following displacement; 

• Establishment of grievance mechanism prior to project 
implementation to facilitate the resolution of affected community 
concerns and grievances, ensuring ongoing interaction with the 
community in order to build trust and maintain relationships 
throughout the life of the project; 

• The significant physical and economic displacement of households 
will require a Resettlement Action Plan. This plan should include 
compensation for structures and loss of assets and support with 
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moving to a new location and establishing a homestead; and 

• Displacement of the private landowners will be a negotiated 
displacement, a Type I impact in terms of PS5; mitigation should 
include the option of a lease agreement between BMMC and MDA to 
provide BMMC access to the land. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  7 3 5 7 105 

Post-Mitigation Rating  3 3 3 4 36 

Environmental aspect  Creation of employment 

Description of impact – 
Positive 

It can be expected that opportunities will be available for unskilled and 
semi-skilled employment of the local population during the construction. 
Skilled workers will necessarily be brought in from elsewhere in Liberia or 
other countries (Golder, 2012). 

Receptors  Local communities’ around the mine will benefit in terms of unskilled and 
semi-skilled employment opportunities. This benefit may extend to the rest 
of the country with regards to skilled labour requirements. 

Mitigation • Early management and planning during the construction phase will 
mean that opportunities for skills development and training may also 
be available during construction activities (Golder, 2012); 

• Establishment of a "skilled labour list at the mine or contractor offices 
to identify a local labour pool; and 

• Implementation of skills development programmes to ensure support 
local population in obtaining Employment opportunities. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 5 6 66 

Post-Mitigation Rating  5 3 5 7 91 (Positive ) 

Environmental aspect  Changes in water quantity and quality 

Description of impact The diversion of the Marvoe Creek and water use requirements of project 
activities may affect water supply to downstream villages.  

The diversion will require the construction of a dam nearby the process 
plant. This may increase upstream water levels contributing to flooding 
potential and access restrictions during the wet season. 
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The excavation of the diversion channel and construction of the flood 
control dyke in the Marvoe Creek, will increase the potential for erosion 
and sedimentation.  

During surface flow events, contaminants (i.e. waste products, effluents, 
construction materials) spilled or stored on the construction site, may 
result in contamination of downstream water resources. 

Domestic waste also has the potential to pollute water sources if not 
properly managed. There will be a large concentration of people during 
this phase and the generation of domestic waste sewage has the potential 
of impacting on surface water sources. 

Receptors  Communities downstream of the diversion, specifically Jikando, who rely 
entirely on natural water resources for domestic and agricultural purposes. 

The construction of the holding dam may affect the villages of Jawajei and 
Kandama. 

Mitigation • To construct the diversion channel during the dry season and to 
provide a sediment control dam at the diversion channel exit to settle 
out and reduce the sediment loads leaving the site; 

• Storage of fuel and lubricants must be contained within bunded areas 
with appropriate oil separators; 

• Water should be directed away from cleared areas, 

• The vehicle park area should be separated from clean water areas 
with berms or channels; with appropriate oil separator 

• Appropriate sewage management facilities should be planned and 
constructed; 

• Design and implement an appropriate waste management plan; 

• Hydrocarbon contamination should be cleaned up using commercially 
available equipment and clean-up kits. Details of emergency clean-up 
procedures should be contained in a Pollution Prevention Plan that 
will carry though to operation; 

• Limit construction to the dry season where possible; and 

• Ensure that alternative sources of water are supplied to communities 
downstream e.g. boreholes if water quality is impacted on by the mine 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 3 7 63 

Post-Mitigation Rating  2 2 4 4 32 

Environmental aspect  Noise and dust pollution 

Description of impact Construction vehicles and excavations will increase ambient noise and 
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decrease air quality through dust. 

Receptors  Noise and dust will lead to increased irritation especially in the directly 
affected communities, which may cause social distress and reaction 
against the project. 

Mitigation • Dust control measures for open areas can consist of wet suppression, 
vegetation or wind breaks, amongst others;  

• For long-term control measures, vegetation frequently represents the 
most cost-effective and efficient control. The long-term effectiveness 
of suitable vegetation selected for the site will be dependent on the 
nature of the cover; 

• The removal of the smallest required area of vegetation and topsoil 
(i.e. the proposed servitudes and infrastructure footprints) will reduce 
the spatial scale of the impact; 

• Phase clearing as required by the construction programme to avoid 
exposing areas prior to commencement of the works;   

• Identify areas and activities of high dust generation or loading risk;   

• Implement control measures for these areas. These activities could 
include for example, water spraying and dousing, use of palliatives 
and traffic management; 

• Switch off equipment when not in use; 

• Keep as much vegetation as possible to aid in the noise absorption of 
the construction activities; and 

• Fixed noise producing sources such as generators, to be either 
housed in enclosures or barriers put up around the noise source. The 
barriers should be installed between the noise source and sensitive 
noise receptor, closest to the noise source. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 2 6 48 

Post-Mitigation Rating  2 2 2 3 18 

Environmental aspect  Restricted access to services and developments 

Description of impact Kinjor currently acts as a hub for surrounding rural villages, providing a 
variety of services such as educational facilities and market opportunities 
to sell and purchase food and general supplies. Resettlement of this hub 
will increase the distance households from other villages need to travel to 
access such services (Golder, 2012). 

Once the road has been upgraded this temporary negative impact (as a 
result of access restriction during the upgrade) will become a positive 
impact which will be felt in the operational phase of the mine as better 
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access to both services and the mine will be created. 

Receptors  Kinjor and Larjor would be relocated and this may affect other villages 
dependant on these villages for services. 

Mitigation • Ensure that access to assets is uninterrupted by providing alternative 
access routes and/or temporary access points during bridge 
construction; 

• Provide adequate signage to inform road users of areas where road 
works are in progress; 

• The measures suggested above to minimise road deterioration will 
also serve to minimise access restrictions; and 

• Where access has to be temporarily denied for safety and 
construction reasons, this must be communicated to residents before 
the event. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 2 7 6 90 

Post-Mitigation Rating  2 2 7 3 33 

Environmental aspect  Population influx – Mine site  

Description of impact An external workforce is likely to be brought into the area where 
employment positions cannot be filled locally. The creation of employment 
opportunities may also result in a population influx into the area in search 
of possible opportunities, contributing to existing on-going population 
expansion in Kinjor (Golder, 2012). 

Construction teams that are constituted from people not from the project 
area have potential to create social tensions and cause disruption (Golder, 
2012). 

Receptors  The majority of the villages within close proximity to the mine will be 
impacted on.  

Mitigation • Clear communication of all available Employment positions to 
minimise population influx; 

• Implementation of health development plans including upgrading 
facilities and awareness campaigns surrounding HIV/AIDS; 

• The local community procurement policy and strategy & procedures 
should be defined; 

• Ad-hoc, informal recruitment at the gate or through other unapproved 
channels by setting up recruitment stands in built up areas should be 
prohibited; 
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• Integrated job profiling as a first step in career progression planning 
should be introduced; 

• Gender-specific recruitment programmes and female targeted 
bursaries should be initiated; 

• Needs/opportunity assessments in terms of procurement should be 
commissioned; 

• Stakeholder database should be established to identify partners and 
develop collaborative networks; 

• Entrepreneurial development initiatives should be undertaken; 

• Investment in training/skills development of younger Employees and 
local community/gender sensitive groups should be considered; and 

• Social development plans should be implemented and should be 
ready to implement prior to construction. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 2 3 6 48 

Post-Mitigation Rating  2 2 2 3 18 

Environmental aspect  Population influx – Public road from Daniels Town to the mine  

Description of impact It is anticipated that road use will steadily increase during the construction 
phase, which means that opportunistic human activity is also likely to 
increase along the road. This population influx is expected to have the 
following of social consequences: 

• Significant influx will place considerable pressure on local 
infrastructure and services, such as health care and education;  

• Population influx will place increasing pressure on already limited 
natural resources such as safe water and also threaten food security. 
Limited access to safe water and food tends to be associated with a 
number of economic, social and health-related problems; 

• An increase in migrants may also result in an increased demand for 
shelter and will therefore contribute to the growth of roadside villages 
and possibly result in the establishment of new ones. This trend is 
already evidenced by areas within villages which have been 
demarcated for planned housing; 

• Increased human activity alongside the public road will likely increase 
the number of people who will be exposed to the safety related 
impacts; 

• It is likely that influx will also contribute to the expansion of informal 
markets, the introduction of sex workers, children seeking 
employment on road-related activities, influx of homeless job seekers, 
as well as the increased occurrence of encroachment. The latter is 
already evidenced by multiple newly erected housing structures 
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constructed by loggers on the side of the road; 

• Encroachment and concentration of large number of people and 
commercial transport can result in social pathologies such as 
prostitution, substance abuse and the spread of HIV/AIDS; 

• As mentioned earlier influx will result in increased markets for local 
entrepreneurs, which can contribute to local economic development 
alongside the road, however, improved economic conditions will result 
in additional influx that can exacerbate other influx related impacts. 

Receptors  The communities that currently reside along the road. 

Mitigation • Implement mitigation measures as outlined in the Road SIA. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 6 6 90 

Post-Mitigation Rating  4 2 3 4 36 

Environmental aspect  Conflict potential – Mine 

Description of impact The displacement of artisanal mining and the livelihood base of a large 
proportion of the community has the potential to create conflict in the 
project area should alternative livelihood strategies not be in place. 

Receptors  Artisanal miners within the project area 

Mitigation • Early management of disputes;  

• Proactive community engagement; and  

• The implementation of the CDP which focusses on livelihood 
restoration projects, as well as the creation of alternative livelihoods. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 3 4 36 

Post-Mitigation Rating  2 2 2 3 18 

Environmental aspect  Conflict between employees and local population 

Description of impact As news regarding the project spreads, expectations regarding possible 
employment opportunities may take root in road affected villages. 
However, according to Aureus, the workforce that will be involved with 
roadworks and maintenance will not necessarily be from the roadside the 
villages; instead, the existing workforces will be used. It is possible that 
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friction might arise between these contract teams and local residents due 
to the perception among locals that the outsiders are taking up jobs that 
could have gone to members of the affected villages who are experiencing 
the bulk of the impacts.  If any employees (truck drivers or construction 
workers) instigate sexual relationships with wives, daughters or girlfriends 
of locals, this would certainly exacerbate the problem. 

Receptors  Residents along the road as well as the construction teams. 

Mitigation • The recruitment policy used to employ people on the project must be 
fair, transparent and clearly communicated to the local population;  

• Local community structures (such as town/villages chiefs) should be 
involved to assist with communicating the proponent's intention to 
give preference to the existing labour force; and 

• Awareness should be raised regarding relevant social and community 
issues among all employees who will be in contact with local villages 
during construction. This awareness could be raised during the 
induction of employees, or can be addressed during tool-box talks, 
with the aim of increasing sensitivity to local norms and customs, and 
awareness amongst contractors and workers of appropriate and 
acceptable behaviour. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 2 5 4 44 

Post-Mitigation Rating  1 1 2 4 16 

Environmental aspect  Health and Safety Impacts 

Description of impact Although the use and improvement of the road will result in some benefits 
to the population residing in local communities, it is also expected to give 
rise to a number of health and safety impacts. It should be noted that in 
some instances, the social impact experienced may not necessarily be the 
actual increase of risk to one’s safety, but the perceived increase of such 
a risk, which has the potential to have a debilitating effect on the 
psychological well-being of the local population. 

The development of the mine will require construction activities of a 
relatively extensive nature; these construction activities will require 
considerable number of vehicles transporting construction materials, 
supplies and abnormal loads to and from the construction site via the 
Daniels Town public road. This together with an increasing number of 
commercial and public traffic that is and will in future take advantage of 
improved road conditions also during the rainy season, will likely have 
several impacts on other road users.  



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

225 

 

SOCIO ECONOMIC 

The likelihood of the aforementioned scenario is evidenced by the Mine’s 
previous re-grade of the road, which considerably improved the access to 
the forest for logging trucks, which has reportedly increased. It needs to 
be noted that the previous re-grade of the road, also enabled commercial 
and mining traffic to travel at much higher speeds (although this has to 
some degree been mitigated by the speed breaks constructed by Aureus. 

Additional safety impacts will result from the presence of construction 
equipment and related works used to install culverts and bridges. These 
activities will locally result in increased traffic volumes as well as several 
safety risks associated with the actual construction sites. 

Several safety impacts could emanate from the aforementioned activities; 
these are listed below:  

• Construction activities such as open trenches dug for culverts will 
expose road users to health and safety impacts. People could fall or 
drive into the pits and sustain injuries if the pits are not clearly 
demarcated. People travelling by foot, motorbike or taxi, which appear 
to be the main local forms of mobility, will be more vulnerable to 
possible injury due to increased traffic volumes; 

• Although the road is currently in good condition, increased traffic will 
result in deterioration if not maintained throughout the life of the mine.  
This will increase risk of accidents with other road users.  

• Mining traffic combined with additional heavy traffic caused by 
commercial vehicles will increase the number of road accidents, if no 
precautions are taken; 

• The risk for traffic related incidents increases considerably if one 
considers the narrowness of the road, slippery conditions during the 
rainy season, and high volumes of traffic. This situation can culminate 
in severe impacts for road users, pedestrians and densely populated 
sections adjacent to the road; 

• During the operational phase the transport of products (e.g. fuel and 
cyanide) could potentially result in the accidental spillage of 
hazardous materials.  Although the companies responsible for the 
transport of such materials have adequate safety and mitigation 
strategies in place, the possibility cannot be completely discounted 
that accidental spillage may occur, causing hazardous materials to 
seep into the ground and pollute groundwater used for domestic 
purposes; 

• Increased noise and dust pollution, due to increased traffic volumes, 
might impact on the health of the roadside population. Although these 
impacts have been assessed in the updated EIS, it is important that 
they also be considered from a social perspective.  These impacts will 
be most significant for those living or working closest to the road; and 

• Overall, the construction-related health and safety impacts of the 
project are likely to be significant if they are not adequately mitigated.  
The high intensity of these impacts is due to the fact that several 
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sections directly adjacent to the road are populated, as well as the 
road’s narrow and meandering nature, high traffic volumes and high 
travelling speeds (for non-mine vehicles, at least). 

Receptors  Residents along the road as well as the construction teams. 

Mitigation • Evacuation of RoW by Government, with Aureus possibly contributing 
through selective road re-alignment where villages are concentrated 
on one side of the road; inclusion of displaced households in the 
medium and long-term projects detailed in the CDP; establishment of 
a grievance mechanism; 
o Design and engineering measures - barricades, speed calming 

measures, maintenance etc.; 
o Traffic regulation measures - safe travelling speeds, traffic 

regulation at junctions, measures for HMV; 
o The transport of hazardous products should adhere to prescribed 

guidelines; 
o Mitigation for dust and noise; 
o Mitigation for construction of culverts and bridges; and 
o Community education. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 5 6 84 

Post-Mitigation Rating  2 2 5 4 36 

Environmental aspect  Temporary restriction of access along the Daniels Town public road. 

Description of impact The NLGM could temporarily restrict access currently provided by the 
main public road, which connects roadside villages to Daniels Town, Sinjé 
and Monrovia. Restriction of access will primarily stem from the 
installation of culverts and bridges; these activities will likely disrupt 
everyday movement if temporary road closures and detours are used to 
promote the safety of construction sites. 

Access restrictions will likely affect logging company’s using the road to 
transport timber, as well as taxi operators transporting people to and from 
areas such as Monrovia, Daniels Town and Sinjé. Access to services 
might also be restricted, as health care is only available in Sinjé and some 
schools are located along the road as well as in Daniels Town and Sinjé. 

Several owners could experience impaired access to fields as most 
people rely on the road to travel to fields which are located alongside the 
road. Road upgrading activities will also interfere with travelling in-
between villages. Restrictions as a result of culvert installation might 
occur. 
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Receptors  Residents along the road. 

Mitigation • Ensure that access to assets is uninterrupted by providing alternative 
access routes and/or temporary access points during bridge 
construction; 

• Provide adequate signage to inform road users of areas where road 
works are in progress; 

• The measures suggested above to minimise road deterioration will 
also serve to minimise access restrictions; and 

• Where access has to be temporarily denied for safety and 
construction reasons, this must be communicated to residents before 
the event. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  7 2 2 5 55 

Post-Mitigation Rating  1 1 2 5 20 

Environmental aspect  Increased markets for local entrepreneurs 

Description of impact – 
Positive 

The affected villages have a very low economic base, which means that a 
relatively small economic injection will likely have a considerable impact 
on at least some households and businesses. One way in which Project 
activities will contribute to economic growth is via increased markets for 
local entrepreneurs.  

Previous road re-grade, current improvements (i.e. culverts and bridges) 
and continuous road maintenance by Aureus and/or government will 
ensure good road conditions and improved access, especially during the 
rainy season. This together with the fact that the road corridor will likely 
further develop into an economic corridor will result in an increase in 
commercial traffic which, will add to existing mine-related traffic during the 
construction phase. The improved condition of the road will also mean that 
traffic volumes will remain similar during the rainy season. 

An increase in traffic volumes will likely result in an upsurge of clients for 
some roadside businesses and community services. The growth in 
customer base will stem from the increase in the number of people 
travelling on the road, as well as those migrating to the area to take 
advantage of the perceived economic opportunities offered by increasing 
activity along the road, as well as around the NLGM. As markets along the 
road become more active the road’s reputation as a growing economic 
corridor will spread, resulting in additional in-migration and an even larger 
customer base. This scenario is evidenced by the expansion of Daniels 
Town market after the public road was re-graded.  
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Receptors  Communities along the road as well as entrepreneurs from villages in the 
surrounding area. 

Mitigation • Promoting local economic development by maximising local 
procurement of where possible; 

• Funding of infrastructure such as markets to facilitate trading; and 

• Construction teams installing culverts can purchase some supplies 
and construction materials from roadside villages. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  1 3 5 4 36 

Post-Mitigation Rating  3 4 6 6 78 (Positive ) 
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8.4.1.3 Potential impacts on heritage 

The potential impacts on cultural heritage are detailed for the construction phase.  

Table 8-28: Heritage impacts during construction 

HERITAGE 

Activities • Access to ceremonial and sacred sites used by the local communities; 

• Operational activities, such as the movement of heavy machinery may 
cause accidental damage ceremonial and sacred sites; 

• Potential vandalism of ceremonial and sacred sites; and 

• Loss of access to sites. 

Environmental aspect  Loss of cultural heritage 

Description of impact Based on baseline studies compiled by Golder, 2012, it was identified that 
six cultural heritage sites could/would be impacted upon namely: 

• Site 1 - Sekpendeh-Woni guyoh, associated with Jawajei village 

• Site 2 - Larjor cemetery; 

• Site3 - Kinjor cemetery; 

• Site 4 - Kinjor church; 

• Site 5 - Kinjor mosque; and 

• Site 6 - Kinjor townhouse. 

From the Golder assessment it was identified that damage to these sites 
may occur both during construction and the operational phases of the 
project as sites were not correctly demarcated. 

During the development of the RAP 80 graves and two sacred sites were 
recorded which will be directly impacted. 

Receptors  Ceremonial and cultural sites. 

Mitigation All known affected graves will be relocated. Impacts on the sacred site 
along  the Marvoe Creek Diversion Channel have been duly mitigated and 
compensated following a negotiated agreement with affected parties (refer 
to the NLGM RAP). 

• A chance find procedure will be implemented during construction 
and operation and sites will be demarcated where applicable; and 

• A Stakeholder Engagement Process and grievance procedure are 
in place to, inter alia, address impacts and concerns related to 
heritage sites. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 6 6 90 
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Post-Mitigation Rating  2 2 6 7 70 

8.4.1.4 Potential impacts on visual 

The potential impacts on the visual of these are detailed in for the construction phase. 

Table 8-29: Visual impacts during construction 

VISUAL 

Activities • Clearance and stripping of vegetation; 

• Topsoil stripping of the infrastructure footprints, pit areas and the 
diversion trench; 

• Topsoil stockpiling; 

• Compaction of laydown areas and construction areas for example the 
TSF and processing plant areas; 

• Earthworks during the creation of terraces, cuts and fills; 

• Construction of buildings and roads; and 

• Construction of the open pit and associated stockpiling of WRD from 
the open pit. 

Environmental aspect  Alteration of the sense of place and visual detraction for the area – 
Mine 

Description of impact The presence of construction equipment and related works in the 
construction of the plant and associated mining areas (e.g., storage areas, 
access roads) will introduce visually intrusive elements into the landscape 
and locally result in increased traffic. Although considered a temporary 
and intermittent impact the amount of large vehicles will increase as 
construction progresses (Golder, 2012).  

The construction of the project plant and infrastructure will require removal 
of vegetation and alteration of the existing topography that will result in a 
change in the existing landscape character. However due to the relatively 
flat landscape it is anticipated that only limited topographical changes will 
be required (Golder, 2012). 

The alterations to the topography will have a visual impact on the 
landscape that will be most visible during the early stages of construction. 
However, these alterations are not likely to be seen by the majority of 
receptors due to the presence of existing vegetation; therefore the impact 
from earthworks and construction of plant infrastructure is low (Golder, 
2012). 

The loss of vegetation and prominent trees during clearing for the 
purposes of constructing the project plant will also have an impact as 
these elements are considered to be a valuable visual resource within the 
study area. As a result of the limited information that was available at the 
time of writing, it is not known how many such trees are potentially 
threatened by the proposed project, but where this may occur, the 
significance is considered to be high on a site-specific and local scale 
(Golder, 2012). 
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Receptors  People living in the area and immigration of people into the area. 

Mitigation • Efforts will be employed to maintain the construction site in a neat and 
orderly condition during the construction phase;  

• Designated areas for material storage, waste sorting and temporary 
storage, batching and other potentially intrusive activities will be 
created and screened off to the extent is feasible; 

• Where feasible, specimen trees must be transplanted to locations 
adjacent to the mine where they will not be affected by mining 
activities; 

• During construction, the Construction Contractors will utilise security 
lighting that is movement activated rather than permanently switched 
on, to prevent unnecessary constant illumination; and 

• During construction selective lighting for the construction camps and 
other secured areas will be employed. Up-lighting of structures will be 
avoided. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 6 6 90 

Post-Mitigation Rating  2 2 6 7 70 

8.4.2 Operational phase 

8.4.2.1 Potential operational impacts on the socio-economic environment 

Table 8-30 summarises the impacts that may potentially be realised during the operation of 
the NLGM. The receptors that will likely be affected as well as mitigation measures are also 
reflected in the table. 

 

Table 8-30: Socio economic impacts during the operational phase 

SOCIO ECONOMIC 

Activities • Mining and processing  related activities: 
o Blasting within the pit; 
o Stockpiling of waste rock dumps; 
o Drilling for explosive use; 
o Processing of ore at the processing plant (crushing and screening 

activities; 
o Electro winning and processing of Gold within the Gold Room; 
o Stockpiling of material at the Run of Mine; 
o Shaping of the Waste Rock Dump during operation; 
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o Pumping of waste to the TSF and operation of the TSF Facility; 
o Use of the haul roads and access roads; 

• Storage of hazardous material including oils, fuels, solvents and 
curing compounds; 

• Generation and handling of domestic and industrial wastes.  

• Pipeline operation; and 

• Operation and maintenance of construction camp and employee 
facilities. 

Environmental aspect  Creation of employment and community development potential 

Description of impact – 
Positive 

Mine 

As the mine develops and becomes operational there will be an 
opportunity for the local community to be hired by Aureus to work on the 
mine. 

Road 

Due to the impoverished and under-developed nature of all the roadside 
villages, there is huge potential to contribute to the socio-economic 
development the affected villages.  

Aureus has an established CDP, which could potentially be extended to 
include roadside communities. Such initiatives are the ideal vehicle to give 
effect to Aureus’ policy of making a positive contribution towards the lives 
of people in the communities in which the company operates, and could – 
especially if designed in consultation with those of other developmental 
role-players (such as the County and District Development funds and 
NGOs) – contribute substantially towards maximising any benefits of the 
proposed road usage, as well as towards offsetting any negative impacts 
that roadside communities may experience as a result of mining-related 
activities on the road.  

During community meetings facilitated by the SIA team, potentially 
affected communities listed several needs, which can in turn indicate 
potential community development projects that Aureus could fund.  These 
included: 

• Development initiatives can aim to establish infrastructure that can 
contribute to the basic living conditions of households who for most 
part don’t have any drinking water and almost no sanitation facilities; 
and 

• Replacement of the affected school/church complex within 15m of the 
road edge could provide Aureus with the opportunity to broaden its 
development initiatives to include communities located along the road. 

Receptors  Creation of job for the local community and community development 
potential. 
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Mitigation • Preference should be given to local employment, where applicable; 
• Establishment of a “local labour desk” at the mine or contractor offices 

to identify a local labour pool; and 
• Implementation of skills development programmes to ensure support 

local population in obtaining employment opportunities. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 5 6 66 

Post-Mitigation Rating  6 3 5 7 98 (Positive ) 

Environmental aspect  Changes in water quantity and quality 

Description of impact Decrease in water quality through sedimentation caused by runoff from 
WRD and TSF areas. Erosion of soil stockpiles may also occur during the 
operational phase.  

The discharge of contaminated water from the pit through dewatering 
could result in the deterioration of surface water resources.  

Seepage from the TSF may have high arsenic concentrations. Should this 
occur reach the nearby stream and flow into the Marvoe Creek there is the 
potential for impacts on humans, fauna and flora. 

Based on Acid Base Accounting done on the waste rock, the Sulphide-
Sulphur is less than the 0.3% benchmark required for acid generation, and 
the waste rock is unlikely to be acid generating.  

Leaking and spillage of hydrocarbons and other hazardous 
materials/pollutants from the pump stations, workshop areas and mine 
vehicles could result in reduced surface water quality through runoff of 
these pollutants. This could be more significant in cases of accidental 
spillages. 

Receptors  Communities downstream of the mining operation who are reliant of the 
river as a source of water. 

Mitigation • Re-vegetate soil stockpiles to avoid erosion losses to avoid 
sedimentation of surface water resources; 

• Ensure stockpiles are placed on a free draining location so as to limit 
erosion loss; 

• Erosion of the topsoil must be prevented by using vegetation to 
control the surface flow velocity in conjunction with berms and drains; 

• Prior to discharge into the environment, the quality of discharged 
water must be within the relevant physical, microbiological and 
chemical limits/requirements in terms of natural water quality in the 
area\ before being released; 

• Construct a clean and dirty cut-off trench system and a pollution 
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control sump at  the TSF to intercept contaminated runoff (as an 
option); 

• Storage of fuel and lubricants must be contained within bunded areas 
and appropriate oil separators; 

• Access to chemical stores must be monitored; and 

• Hydrocarbon contamination should be cleaned up using commercially 
available equipment and clean-up kits. Details of emergency clean-up 
procedures should be contained in a Pollution Prevention Plan that 
will carry though to operation 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 3 7 63 

Post-Mitigation Rating  2 2 4 4 32 

Environmental aspect  Noise and dust pollution 

Description of impact In-pit source emissions, including drilling and blasting of waste rock and 
ore, materials handling of waste rock and ore, bulldozing, and vehicle 
entrainment on unpaved roads are identified as potential sources of 
fugitive dust emissions. 

Fugitive dust emissions will occur as a result of the management of waste 
rock sites. The abovementioned activities related to the operational mining 
are expected to cause fugitive dust emissions that will occur throughout 
the life of the Project. 

Whilst the TSF is not capped, there is a potential for dust releases. Any 
fine particles could be easily disturbed and dispersed, especially during 
dry and windy conditions. 

The smelting on site also has the potential to create windblown dust from 
the extractor fans/exhausts. 

During the operational phase the main source of noise will be the mining 
operations, gold plant and operation of mining equipment. Noise levels 
during operations will last for the duration of the project and will prevail 
both during the day and night. 

Although noise from the pit blasting ore and waste rock loading will occur, 
it is expected to be well contained and attenuated by the barrier effect of 
the pit walls and surrounding waste rock dump.  

Noise from the haul trucks hauling waste rock and ore from the mine 
active bench to the WRD and ROM pad respectively is partially above 
ground level between the pit and the processing plant and, therefore, a 
more significant impact on remote sensitive receptors. However, this is an 
intermittent activity.  
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It is anticipated that the continuously operating machinery such as 
materials handling and milling equipment will have the most impact on the 
ambient noise levels. 

Receptors  In terms of noise impacts, it appears that the receptors close the mine will 
not be affected by noise levels exceeding those of the current ambient 
level. 

Dust impacts from the NLGM Project will be most significant during south 
westerly winds, which tend to occur during the summer months. However, 
during these months precipitation is likely to dampen dust and naturally 
suppress it. Impacts from construction are likely to be most significant 
when north easterly and easterly winds prevail i.e. in the winter 
(Harmattan). At this time, no precipitation is likely to occur that may 
dampen dusty activities. The area affected by the dust will be within the 
project area, and should not affect the nearest human settlements (Kinjor 
resettlement village and mine camp). 

In terms of traffic along access roads those people living in close proximity 
to the roads will be affected by the generation of emissions by vehicles. 

Mitigation • Dust control measures for open areas can consist of wet suppression,  
vegetation or wind breaks, amongst other;  

• Measures aimed at reducing the extent of unpaved roads, e.g. 
paving/surfacing where possible; 

• Traffic control measures aimed at reducing the entrainment of 
material by restricting traffic volumes and reducing vehicle speeds; 

• Identify areas and activities of high dust generation or loading risk;   

• Implement control measures for these areas. These activities could 
include for example, water spraying and dousing, use of palliatives 
and traffic management; and 

• Keep as much vegetation as possible to aid in the noise absorption of 
the construction activities; 

• Fixed noise producing sources such as generators, to be either 
housed in enclosures or barriers put up around the noise source. The 
barriers should be installed between the noise source and sensitive 
noise receptor, closest to the noise source; and 

• Blasting is generally intermittent and should be limited to daylight 
hours when ambient noise levels are high. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 2 6 48 

Post-Mitigation Rating  2 2 2 3 18 
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Environmental aspect  Population influx  

Description of impact An external workforce is likely to be brought into the area where 
employment positions cannot be filled locally. The creation of employment 
opportunities may also result in a population influx into the area in search 
of possible opportunities, contributing to existing on-going population 
expansion in Kinjor (Golder, 2012). 

Receptors  The majority of the villages within close proximity to the mine will be 
impacted on and movement of new individuals into the resettlement site. 

Mitigation • An influx management framework is included in the CDP drafted for 
the NLGM. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  4 2 5 4 44 

Post-Mitigation Rating  1 1 2 4 16 

Environmental aspect  Increase in traffic and safety hazards 

Description of impact Refer to impacts discussed in the construction phase. 

Receptors  Residents along the road and those living close to the mine site. 

Mitigation • Evacuation of RoW by Government, with Aureus possibly contributing 
through selective road re-alignment where villages are concentrated 
on one side of the road; inclusion of displaced households in the 
medium and long-term projects detailed in the CDP; establishment of 
a grievance mechanism; 
o Design and engineering measures - barricades, speed calming 

measures, maintenance etc; 
o Traffic regulation measures - safe travelling speeds, traffic 

regulation at junctions, measures for HMV; 
o The transport of hazardous products should adhere to prescribed 

guidelines; 
o Mitigation for dust and noise; 
o Mitigation for construction of culverts and bridges; and 

• Community education. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 5 6 66 
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Post-Mitigation Rating  2 2 2 3 18 

Environmental aspect  Increased markets for local entrepreneurs 

Description of impact – 
Positive 

An influx of population into the project area will increase the demand for 
goods and services. Increases in income-earning opportunities will also 
increase spending potential, providing opportunities for supply of such 
services, indirectly increasing the overall wealth of the area. 

Receptors  Communities along the road as well as entrepreneurs from villages in the 
surrounding area. 

Mitigation • Promoting local economic development by maximising local 
procurement where possible; and 

• Funding of infrastructure such as markets to facilitate trading. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 5 4 44 

Post-Mitigation Rating  3 3 7 7 91 

Environmental aspect  Loss of sense of place 

Description of impact Although directly affected communities are dependent on artisanal mining 
and employment from NLGM, others in the surrounding area depend on 
subsistence agriculture for survival. The development of an open pit mine 
and associated infrastructure and consequent displacement will therefore 
pose change to the landscape. 

Receptors  The people living in the areas surrounding the mine. 

Mitigation • All areas that are to be visited by persons not employed at the plant 
(i.e. offices, workshop areas) as well as any residential quarters 
should be landscaped to improve visual quality and a vegetative 
screen should be established around the perimeter of these areas; 
and 

• Progressive rehabilitation of all areas affected by mining will be done 
throughout the operational phase. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 7 7 91 
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Post-Mitigation Rating  2 2 4 4 32 

Environmental aspect  Improved access to services mine and Daniels Town Road 

Description of impact – 
Positive 

Mine 

The project may provide opportunities for continued improvements in 
basic infrastructure and community development, especially in the support 
or provision of education, health care and basic services, and in providing 
opportunities for skills development. Such development will need to take 
into consideration the project’s impact on access to services from all 
villages, planning development to benefit the entire community with the 
traditional area of jurisdiction (Golder, 2012). 

Kinjor and Larjor villages will receive improved housing and community 
facilities as described in the NLGM RAP. 

Daniels Town Road 

It can be expected that the Daniels Town public road will be kept in good 
condition for the duration of the NLGM’s operational phase (it is 
acknowledge that Aureus is yet to reach an agreement with government 
regarding the maintenance of the road during this period). Culverts and 
bridges will likely allow for year round use of the road, whereas in the past 
access was considerably restricted during the rainy season.  A maintained 
roadway will increase access to jobs, schools, markets and other 
community services and amenities located in areas such as Daniels 
Town, Sinjé and Monrovia.  

Access to the aforementioned services comprises several components 
that will accelerate socio-economic development within roadside villages. 
The road is expected to promote commercial transport, which will in turn 
further contribute to the socio-economic development of the district and 
county.  

Impacts have already begun to materialise thanks to past improvements 
of the public road (including the recent improvements by Aureus), and 
have had a major positive impact on community health, education, food 
security and other services. However, although the road will facilitate 
improved accessibility, villagers still need the financial means to take 
maximum advantage of available services. 

Improved inter-community accessibility will also encourage interaction and 
exchange of goods, and services. Improved access to nearby main cities 
and towns will encourage, an otherwise relatively isolated, population to 
take advantage of the opportunity to sell their produce to road users. It 
needs to be noted that it might only be the more resourceful households 
that may have the means to take advantage of these opportunities.  Better 
access to distant markets and schools, for example, will most benefit 
those with a surplus to sell and the means to transport it. 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025
 

239 

 

SOCIO ECONOMIC 

These socio-economic benefits will be augmented by planned government 
development activities in the area, which were announced during 
consultation undertaken concurrently with this assessment.  These 
activities include the development of a governmental clinic and hospital for 
Grand Cape Mount County. 

Receptors  Mine affected communities will benefit from the services, however, people 
may travel from far to get access to these services.  

Mitigation • Mitigation for health and safety related traffic problems will also serve 
to maintain and promote access. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 5 4 44 

Post-Mitigation Rating  6 3 7 7 105 

 

8.4.2.2 Potential impacts on cultural heritage 

A summary of the impacts and the associated mitigation measures regarding the cultural 
heritage of these are is given in Table 8-31. If required heritage sites will be fenced. All 
known affected graves will be relocated. A chance find procedure will be implemented during 
mine construction and operation. 

Table 8-31: Cultural heritage impacts – operational phase 

HERITAGE 

Activities • Access to ceremonial and sacred sites used by the local communities; 

• Operational activities, such as the movement of heavy machinery may 
cause accidental damage ceremonial and sacred sites; 

• Potential vandalism of ceremonial and sacred sites; and 

• Loss of access to sites. 

Environmental aspect  Loss of cultural heritage 

Description of impact Based on baseline studies compiled by Golder, 2012, it was identified that 
six cultural heritage sites could/would be impacted upon namely: 

• Site 1 - Sekpendeh-Woni guyoh, associated with Jawajei village 

• Site 2 - Larjor cemetery; 

• Site3 - Kinjor cemetery; 

• Site 4 - Kinjor church; 

• Site 5 - Kinjor mosque; and 
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• Site 6 - Kinjor townhouse. 

From the Golder assessment it was identified that damage to these site 
may occur both during construction and the operational phases of the 
project as sites were not correctly demarcated off. 

Receptors  Ceremonial and cultural sites 

Mitigation • Implement the chance find procedure if archaeological artifacts or 
heritage areas are found. 

• Demarcate sites off during construction and operational activities to 
employees that may want to access these sites; 

• Conduct visual inspections of the sites to determine if any impacts 
have occurred; and 

• Implement the Stakeholder Engagement Process and a grievance 
mechanism for the local community. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 2 6 4 52 

Post-Mitigation Rating  5 2 6 3 39 

8.4.2.3 Potential impacts on the visual aesthetics 

The impacts on the visual aesthetics of the NLGM are discussed in the table 
below (Table 8-32). 

Table 8-32: Visual impacts 

VISUAL 

Activities • Operation of the processing plant; 

• Expansion of the pit during the mining phase of the project; 

• Clearance of vegetation; 

• Expansion of the Waste Rock Dump during the mining phase; 

• Expansion of the TSF during the mining phase; 

• Movement of large vehicles around the mine site; and 

• Emission plumes from the operation of the mine. 

Environmental aspect  Visual intrusion 

Description of impact The construction and operation of the mine will introduce visually intrusive 
elements into the landscape and locally result in increased traffic. 
Although considered a temporary and intermittent impact the amount of 
large vehicles will increase as construction progresses and moves into 
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operation. (Golder, 2012). 

The construction of the project plant and infrastructure will require removal 
of vegetation and alteration of the existing topography that will result in a 
change in the existing landscape character. However due to the relatively 
flat landscape it is anticipated that only limited topographical changes will 
be required (Golder 2012).  

The alterations to the topography will have a visual impact on the 
landscape that will be most visible during the early stages of construction. 
However, these alterations are not likely to be seen by the majority of 
receptors due to the presence of existing vegetation; therefore the impact 
from earthworks and construction of plant infrastructure is low (Golder 
2012). 

The loss of vegetation and prominent trees during clearing for the 
purposes of constructing the project plant will also have an impact as 
these elements are considered to be a valuable visual resource within the 
study area. As a result of the limited information that was available at the 
time of writing, it is not known how many such trees are potentially 
threatened by the proposed project, but where this may occur, the 
significance is considered to be high on a site-specific and local scale 
(Golder 2012). 

Receptors  Local communities living in the surrounding area and visitors to the site. 

Mitigation • Concurrent rehabilitation will assist in mitigating; and 

• Avoid unnecessary vegetation clearance. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 2 6 7 91 

Post-Mitigation Rating  3 1 5 6 54 

8.4.3 Decommissioning phase 

8.4.3.1 Potential decommissioning impacts on socio-economics 

Those impacts that may be experienced during the decommissioning and closure phases of 
the project are elaborated on in Table 8-33. 

Table 8-33: Socio economic impacts – decommissioning phase 

SOCIO ECONOMIC 

Activities • Retrenchment of local and international work force; and 
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• Rehabilitation activities. 

Environmental aspect  Reduction in employment opportunities and associated decline in 
economic activities 

Description of impact A temporary increase in employment opportunities followed by a 
decrease/reduction in employment opportunities and associated decline in 
economic activities:  

Mine closure would result in the loss of an estimated 300 direct jobs, as 
well as associated indirect employment and business enterprises 
dependent on mining operations and the increased population. The 
reduction in economic activities will be particularly significant as current 
income-generation is largely dependent on artisanal mining which will no 
longer be a possibility following decommissioning and closure (Golder, 
2012). 

Receptors  The majority of the mine staff will be directly impacted, however, 
communities that serviced the mine will also be affected by the closure. 

Mitigation • The workforce should be empowered to develop skills that will equip 
them to obtain employment in other sectors of the economy; 

• Local partners should be supported to diversify economy and 
decrease dependence on mining; 

• Identify and implement training needs and training programmes for 
decommissioning and closure; and 

• Implement the RAP and the CDP programs. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 7 7 112 

Post-Mitigation Rating  2 3 5 7 77 

Environmental aspect  Noise and dust pollution 

Description of impact During decommissioning, noise levels are expected to increase in areas 
where infrastructure will be removed and material is transported. The main 
component of the noise emissions will be caused by diesel-powered 
equipment, and the demolition of buildings, as well as the movement of 
vehicles. The noise will be experienced predominantly during the day.  

There will be a period where areas that are not yet re-vegetated could 
lead to erosion and associated dust releases, especially under dry 
conditions. Haul road traffic is often a major dust source during 
decommissioning through the re-suspension of any dust on the haul roads 
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and dispersion of materials from vehicle tyres. 

Receptors  Based on the findings of the assessments conducted only those people 
working on the site will be affected. 

Mitigation • The onsite dust suppression and monitoring methods need to be 
continued during the decommissioning phase; 

• Dust control measures for open areas can consist of wet suppression, 
chemical suppressants, vegetation, wind breaks, etc; and 

• Switch off equipment when not in use. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 2 6 48 

Post-Mitigation Rating  2 2 2 3 18 

Environmental aspect  Changes in water quality and quantity 

Description of impact Rehabilitation activities should minimise the amount of exposed surfaces, 
thus resulting in a reduction in the amount of surface run off that will be 
experienced, thus resulting in a reduction of the amount of sediments 
potentially entering rivers systems. 

The impacts associated with the decommissioning phase of the project 
will be very similar to that of the construction phase; however with a few 
exceptions, such as the WRD and the TSF will remain, which need to be 
rehabilitated. The impacts from the decommissioning phase will be 
associated with potential long term impacts to surface and groundwater 
quality from seepage from these facilities, if not managed appropriately. 
The expected impacts to water quality and quantity would be similar to the 
operational phase, however there is a risk that the contamination plume 
could move further out of the site as the pit fills with water and 
groundwater starts to move away from the site. 

Some of the anticipated impacts are as follows: 

• Potential seepage of arsenic from TSF into the groundwater systems 
decreasing water quality; 

• Potential overflow of arsenic level water from TSF into the 
environment not complying to drinking water or effluent guidelines. 

• Toe seepage from TSF into shallow groundwater system and potential 
surface water streams; 

• Decrease in water supply to downstream users due to the Marvoe 
creek holding dam cutting of flow; and 

• Increased runoff from rainfall on WRD and open areas. 
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Receptors  Communities downstream of the mining operation who are reliant of the 
river as a source of water. 

Mitigation • Re-vegetate soil stockpiles and Waste Rock Dump to avoid erosion 
losses; 

• Prior to discharge into the environment, the quality of discharged 
water must be within the relevant physical, microbiological and 
chemical limits/ requirements in terms of at least the current water 
quality status before being released; 

• Storage of fuel and lubricants must be contained within bunded areas 
with oil separators; 

• Hydrocarbon contamination should be cleaned up using commercially 
available equipment and clean-up kits. Details of emergency clean-up 
procedures should be contained in a Pollution Prevention Plan that 
will carry though to operation. 

• Rehabilitate the TSF and Waste Rock Dump as per the requirements 
outlined in the Closure Plan. 

• Rehab through vegetation on the WRD; 

• Capping the TSF with soils and vegetation; 

• Monitoring of groundwater and surface water qualities on and around 
the project area; and 

• Supply of alternative water sources. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  3 3 3 7 63 

Post-Mitigation Rating  2 2 4 4 32 

Environmental aspect  Change in economic benefits 

Description of impact A temporary increase in employment opportunities followed by a 
decrease/reduction in employment opportunities and associated decline in 
economic activities:  

Mine closure would result in the loss of an estimated 300 direct jobs, as 
well as associated indirect employment and business enterprises 
dependent on mining operations and the increased population. The 
reduction in economic activities will be particularly significant as current 
income-generation is largely dependent on artisanal mining which will no 
longer be a possibility following decommissioning and closure (Golder, 
2012). 

Receptors  The majority of the mine staff will be directly impacted, however, 
communities that serviced the mine will also be affected by the closure. 
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Mitigation • Community Development Plan includes skills training and 
development to ensure transferrable skills and options for alternative 
livelihood strategies. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  6 3 7 7 112 

Post-Mitigation Rating  2 3 5 7 77 

Environmental aspect  Impact exacerbation and reversal due to road deterioration 

Description of impact – 
Positive 

During and upon completion of the decommissioning phase, mining-
related traffic on the public road will gradually decrease and finally cease 
and it is likely that Aureus’ contribution toward the maintenance of the 
access will also be discontinued. The absence of mine-related traffic will 
likely detract from the area’s appeal as an economic corridor, which may 
decrease markets for local businesses. 

If government agencies do not continue with maintenance activities after 
mine closure and withdrawal of Aureus, this would likely result in 
significant (albeit gradual) deterioration of the road, decreasing inter-
community accessibility, as well as restrict access to services. Severe 
deterioration will also result in hazardous road conditions, exposing road 
users to safety risks. The absence of encroachment prevention measures 
will mean that people will move into the RoW, which will increase the 
safety risks to the local population. 

When combining the diminished economic appeal of the area with the 
ripple effects of the deteriorating road, it is foreseeable that roadside 
villages will experience a general decline in most socio-economic 
indicators, especially poverty, access to services, and other social 
pathologies. 

Receptors  Communities within the immediate vicinity of mine will benefit from the 
services; however, people may travel from far to get access to these 
services.  

Mitigation • In order to mitigate this impact, Aureus and local government should 
agree on a schedule and procedure for handing over of road 
maintenance activities previously performed by Aureus to 
government, in order to assist the government to make the necessary 
arrangements for fulfilling this role. During this process, Aureus should 
transfer the necessary skills (if required) and techniques to 
successfully maintain the road. 
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Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 3 7 6 90 

Post-Mitigation Rating  1 3 1 4 20 

8.4.3.2 Potential impacts on heritage 

The potential cultural and heritage impacts for the decommissioning phase are described in 
Table 8-34. 

Table 8-34: Potential heritage impacts 

HERITAGE 

Activities • Rehabilitation activities. 

Environmental aspect  Cultural heritage - loss of access to sacred sites 

Description of impact Indirect impact caused by the Project’s closure and rehabilitation activities 
that may inhibit members of the local community being able to access the 
cultural sites. 

Receptors  Cultural/heritage sites. 

Mitigation • NLGM to provide alternative routes; and 

• Updating and use of the Chance Find Procedure, in the event that 
cultural heritage remains are identified by workers during the course 
of decommissioning and closure. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  2 1 2 4 20 

Post-Mitigation Rating  2 1 2 3 15 

8.4.3.3 Potential impacts on visual aesthetics 

The decommissioning phase may have impacts on the visual aesthetics of there are. These 
impacts and mitigation measures are summarised in Table 8-35. 
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Table 8-35: Visual impacts 

VISUAL 

Activities • Rehabilitation and Closure activities. 

Environmental aspect  Visual intrusion 

Description of impact The process of decommissioning the NLGM mine, which will include the 
dismantling and deconstruction of project-related infrastructure and 
removing the material from site, is expected to cause a visual impact of a 
similar nature to that of the construction process, with two differences. 
Firstly, the process is expected to be somewhat shorter in duration than 
the construction process, and secondly will result in an increasingly 
improved visual condition thus creating a positive impact, due to the 
progressive removal of the project infrastructure from the landscape. Thus 
although the nature of the impact itself may be negative, the end result will 
be an improvement in the visual character of the landscape from that of 
the operational phase condition (Golder 2012). 

Receptors  Local communities living in the surrounding area and visitors to the site. 

Mitigation • Rehabilitation of the site. 

Parameters 
Severity 

Spatial 
scale 

Duration Probability 
Significance 

rating 

Pre-Mitigation Rating  5 2 6 7 91 

Post-Mitigation Rating  3 1 5 6 54 

9 CUMULATIVE IMPACTS 

The cumulative impacts of an action can be viewed as the total effects on a resource, 
ecosystem, or human community of that action, in this case NLGM, and all other activities 
affecting that resource no matter what entity (government, NGO’s or private) is taking the 
actions. Cumulative impacts can result from individually minor but collectively significant 
actions taking place over a period of time. Cumulative impact analysis requires careful 
development of the no build alternative scenario to include reasonably foreseeable future 
actions. Cumulative effects are also changes to the environment that are caused by an 
action in combination with other past, present and future human actions.  

The degree of certainty when evaluating cumulative impacts decreases over time (predicting 
future impacts over time) and is also directly related to current information available for the 
area that is being assessed. Figure 9-1; represent this relationship of time against future 
planning and information that would be available in assessing future cumulative impacts. 
Assessing cumulative impacts is a function of understanding the context of a particular 
project, planning for the area in terms of development and the location of the project in 
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relation to other projects of a similar nature. As demonstrated cumulative impacts for the 
near future (1-2 year) can be assessed to a certain degree provided that information 
regarding similar developments in the area are currently underway or are planned to be 
undertaken. As one moves along the time line the assessment of cumulative/future impacts 
becomes more conjecturally based and hypothetical as planning and information for that 
time line is not available (beyond 10-20 years).  

 

Figure 9-1: Degree of certainty regarding the assessment of future cumulative impacts 

Using the above methodology and applying it to the NLGM it is clear that the assessment of 
cumulative impacts (only looking at other mining project) is difficult as information regarding 
future developments for the Grand Cape Mount County may not currently be available and 
also taking into account the isolation of the project in the area, as NLGM is the first 
commercial gold mine in Liberia. It can be assumed that in the future there is the possibility 
that other mines will become operational in the area and will have an impact both on the 
biophysical and social economical environments. These developments taking into account 
the operation of the NLGM would then have a cumulative impact to these environments, 
which then could be assessed. Currently trying to assess the cumulative impacts of similar 
developments for the Grand Cape Mount County would be difficult. 

Taking the abovementioned into account one also needs to consider the other impacts, such 
as plantations, may have on the biophysical and social environments and how these 
developments in conjunction with the operation of the NLGM would impact cumulatively on 
the environment can be considered even though the development are different the impact 
that will occur with respect to clearance of vegetation for example are the same. 

Table 9-1 demonstrates the environmental component of concern relating this to the regional 
issues of concern, examples of indicators that can be used to monitor cumulative impacts 
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and activities in the region that could potentially have impacts to the environment and a 
rating of the cumulative impacts. 
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Table 9-1: Potential cumulative impacts for the region  

Environmental 
Component 

Regional Issues of Concern  Activity  Regional Valued 
Components 

Examples of 
Indicators 

Rating  

Air Systems Acidic deposition, odours, greenhouse 
gas emissions (global issue) 

Increased air 
emission from 
local development 
as a result of 
future 
development in 
the region (mining 
and plantations). 
Additional 
vehicles and 
processing 
facilities in the 
region 

Air Quality Emitted gases 
transported over long 
distances (NOx, SO2) 

Taking into account 
the NLGM is 
currently the only 
mine in the area this 
impact would be 
considered to be low, 
however as 
additional vehicles 
travel into the area 
transporting 
equipment to and 
from site and people 
the cumulative 
impact may increase 
slightly, however in 
the context of the 
location of the site 
would still be 
considered to be low. 

Surface Water Lowering of water levels, 
contamination of water 

As Liberia 
develops as a 
country, additional 
mines and 
industrial 
complexes may 
develop and the 
impacts that these 
developments will 
have surface and 
groundwater 
resources needs 

Water Quality and 
Quantity 

Combined water 
volume withdrawals, 
water quality 
constituents affecting 
drinking water 
standards 

Low 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025 

 

251 

 

to be considered. 
As the area 
develops 
contamination to 
water resources 
and deteriorating 
water quality is 
anticipated and 
needs to be 
mitigated against. 

Groundwater Depletion of aquifers As Liberia 
develops as a 
country, additional 
mines and 
industrial 
complexes may 
develop and the 
impacts that these 
developments will 
have surface and 
groundwater 
resources needs 
to be considered. 
As the area 
develops 
contamination to 
water resources 
and deteriorating 
water quality is 
anticipated and 
needs to be 
mitigated against. 

Potable well water Combined water 
volume withdrawals 

Low 

Aquatic Resources Contamination of fish, increased 
harvest pressures The degree of the 

cumulative 
impacts depends 

Fish species MCDC species list Low to moderate 
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on the degree of 
development in 
the area. As the 
project develops 
and expands, 
additional people 
move into the 
area that will 
utilise the Marvoe 
Creek for a 
multitude of 
purposes. This 
increased use of 
this resource will 
lead to further 
degradation of the 
Marvoe Creek 
and other water 
resources in the 
area. As a result 
of further 
degradation of the 
aquatic 
environment, 
habitat destruction 
is expected and 
potential loss of 
aquatic species in 
the area. 
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Vegetation Loss of vegetation through land 
clearing, effects of airborne deposition 

Current activities 
in Liberia which 
are adding to 
large scale 
deforestation and 
fragmentation 
include mining, 
and agricultural 
activities 
(primarily rubber 
and palm oil). It 
can only be said 
that cumulative 
impacts of these 
developments are 
extremely high 
and risk the loss 
of the last 
remaining areas 
of this habitat. 

Vegetation ecosites Primary and 
Secondary forests as a 
measure of the change 
in size of these 
vegetation types 

Moderate to high 

Wildlife Loss, sensory alienation and 
fragmentation of habitat, direct 
mortality due to increased traffic and 
hunting harvest 

Increased hunting 
and alteration of 
habitat through 
clearing of natural 
vegetation 

Hunted and 
trapped species 

Number of species 
recorded. 

Moderate 

Resource Use Decreased opportunities for resource 
harvesting (fish, traditional plants, 
hunting, timber, trapping), increased 
road access, visual effects 

Increased 
utilisation of 
resources as 
population 
numbers increase 

Timber harvest 
areas, game 
species, new road 
access, 
recreational 
enjoyment 

N/A Moderate 
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Noise Increase in noise levels Potential future 
mines starting up 
in the area will 
contribute to 
ambient noise 
levels in the area 
and influence the 
contribution of all 
mines in the area 
with regards to 
the cumulative 
impact on the 
ambient noise 
levels.  
 

Noise levels Sampling of ambient 
noise and operational 
noise levels 

Low 

Social Increased markets for local 
entrepreneurs; 
Health and safety impacts; and 
Impacts related to population influx. 
 

The development 
and future 
developments will 
potentially result 
in an increase 
employment 
opportunities and 
an increased 
market for local 
entrepreneurs. 
Associated with 
this positive 
impacts are 
secondary 
impacts 
associated with 
the development 
with increased 
access to areas of 
forest it is 
anticipated the 

Social benefits and 
loss of habitat 

Development of a CDP 
and control access to 
the area from logging 
trucks. 

Moderate 
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logging may 
increase resulting 
in further 
degradation to the 
environment. 
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10 ENVIRONMENTAL AND SOCIAL MANAGEMENT PROGRAMME 

10.1 Introduction 

In order to comply with the relevant environmental management standards and ensure that 
the findings of the environmental studies are implemented through practical measures, the 
recommendations from the EIS have been integrated into an EMP Report.  

There are a number of Aureus Environmental, Health, Safety and Community as well as 
Operational management policies and procedures that will be implemented to help mitigate 
negative impacts and maximise benefits, thus minimising negative impacts on the economy 
and stakeholders, maximising positive impacts, decreasing risks and maximising 
opportunities for the project.  The EMP will be implemented from site preparation through to 
decommissioning. This EMP serves as a framework for implementing the mitigation 
measures during each phase of the project. The main role of the EMP is, therefore, to assist 
NLGM in achieving their environmental objectives and fulfilling their commitment to the 
environment. The EMP will be used to ensure compliance with environmental specifications 
and management measures.  

The following tables provide an overview of the recommended management plans that need 
to be implemented for the NLGM Project. The overall accountability for the implementation of 
this plan lies with the Board of Directors. Various parties will be responsible for certain 
activities, however Aureus will remain accountable for ensuring the performance of the 
mitigation measures, monitoring and corrective action contained in the EMP are effectively 
implemented, reported and recorded. 
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10.2 EMP For Construction Phase 

IMPACT OBJECTIVE / TARGET MITIGATION & CONTROL MEASURES MONITORING & FREQUENCY CORRECTIVE ACTION & REVIEW RESPONSIBILITY 

SOILS 

Soil erosion & compaction • Prevent soil loss through 
erosion 

• Preserve topsoil for future 
rehabilitation 

• Prevent loss of soil 
structure from compacting 
of soil 

• Clearing of vegetation should be inspected and verified 
with co-ordinates  to ensure that no more than the 
minimum area of land that is needed is cleared 

• Prepare soil stockpiles to ensure vegetation establishes 
itself to avoid erosion losses 

• Stockpile and waste dump slopes should not exceed 
18° 

• Ensure stockpiles are placed on a free draining location 
so as to limit erosion loss 

• Minimise the period of exposure of soil disturbances 
through a planning schedule  

• Areas that may be prone to erosion or where signs of 
erosion are evident should be stabilised. Methods of 
stabilisation include: brush-cut packing, mulch or chip 
cover, , hydro-seeding, the application of soil binders 
and physical stabilisation methods such as gabions, 
reno-mattresses, armour flex or retaining walls 

• Rehabilitated areas or those identified for rehabilitation 
should be demarcated to ensure traffic and movement 
over stabilised areas is restricted and controlled, and 
damage to stabilised areas shall be repaired and 
maintained to the satisfaction of the Environmental 
Manager 

• Install clean and dirty storm water diversion drains 
around the mine pit, and waste rock dump - this will 
ensure dirty water goes to pollution control sumps and 
clean water is diverted to the environment 

• Progressive rehabilitation to be ongoing during the 
LOM – recorded and reported 

• Monitoring to be conducted annually 
as per the soil monitoring plan  

Monitoring will include: 
• Correct placing of topsoil 

• Soil balance and depth for volumes 
of soil 

• Maintenance of all records on site 

• Erosion assessments carried out 
twice yearly in the rehabilitated areas 
to visually check for erosion 
channels 

• In event of erosion, remediation 
work will need to be carried out 
to improve the vegetation cover 
or divert water runoff 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 

Hydrocarbon, Waste & 
Chemical Spillages 

• Prevent loss of soil quality 
through contamination 
with hydrocarbons 

• Manage hydrocarbons 
during construction 

• All heavy machinery and trucks should be restricted to 
designated areas and access roads/tracks 

• Use of fuels and lubricants should be confined to 
bunded areas with an impermeable layer to prevent soil 
contamination with appropriate oil separators for 
recycling of hydrocarbons 

• All storage areas (for fuels and lubricants) will be 
compacted and have bunded containers to prevent soil 
pollution and appropriate oil separators installed to 
cover a 24 hr rainfall event 

• Washbays  will have a sump and  oil separator and 
used oil will be recycled 

• Accidental hydrocarbon spillages should be reported 
and recorded as incidents and cleaned up immediately  

• Soil hydrocarbon contamination should be cleaned up 
using bio-remediation  and clean-up kits 

• Implement the emergency response plan in event of 
disaster 

• Spill kits must be available at all hydrocarbon, chemical 
storage and handling areas and at workshop areas 

• Adhere to the Waste Management Guideline 

• Significant spillages to contaminated 
soil will be analysed  to check for 
contamination 

Samples to be analysed for: 
• pH (water) 

• Exchangeable cations – Na, K, Ca, 
Mg CEC (cation exchange capacity) 

• Soaps, oils and greases 

• Where anomalies exist these will be 
noted and corrective action taken 

• Monthly inspections around potential 
areas of contamination 

• Soil remediation to take place 
in the event of a spillage. Bio-
degradable product to be used 
for small spillages.   

NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 

Loss of soil resource for 
agricultural use 

• Preservation of soil so that 
land capability class can 
be re-established post 

• All resettlement processes for land use will be dealt 
with as per the RAP 

• Grievance mechanism to be used as 
a communication protocol to 
establish any potential problems 

• Where direct impacts are 
affecting local land capability, 
appropriate mitigation to be 

 
NLGM Operations Manager, 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025 

 

258 

 

IMPACT OBJECTIVE / TARGET MITIGATION & CONTROL MEASURES MONITORING & FREQUENCY CORRECTIVE ACTION & REVIEW RESPONSIBILITY 

mining 

• Minimise the footprint of 
construction activities so 
that impacts on land 
capability are minimised  

• Allow the use of un-mined 
land for agricultural 
purposes  

• Allow local communities 
the maximum use of 
existing land 

• Construction activities and movement of people should 
be restricted to demarcated areas 

• Progressive rehabilitation to be implemented 
• Develop a rehabilitation and detailed closure plan  

relating to land use and the project 

• Monitor land use by communities 
during construction to ensure areas 
are safe for use and that land is 
being used suitably 

• Site contractor to monitor that fences 
are secure & that there is access to 
land for communities and animals 

applied 

• Repair damaged fences & 
gates 

• Involve community liaison 
officer to discuss community & 
animal access around 
infrastructure & construction 
activities 

with assistance from the 
Community Relations Manager. 

SURFACE WATER 

Sedimentation of local 
streams due to increased 
soil erosion 

• Construction activities 
carried out so as to aid 
rehabilitation 

• Prevention of soil erosion 
on site 

• Erosion should be prevented at disturbed areas 
through water diversion berms and proper stockpiling of 
soil 

• Construction of infrastructure located close to local 
streams should take place in the dry season, when 
possible 

• The permit to clear (internal Aureus procedure) to be 
implemented and signed off by responsible persons.  

• Ensure stockpiles are placed on a free draining location 
so as to limit erosion loss 

• Develop progressive rehabilitation plan or schedule to 
address exposure of degraded areas 

• Construct the diversion channel during the dry season 
and provide a sediment control plan 

• Install clean and dirty water separation system around 
infrastructure and update water balance accordingly 

• Tailings will be deposited on the TSF.  TSF water, 
during large rain storm events and during the wet 
season, may cause the TSF to discharge, into the 
pollution control dam/sump and then to the stream 
below it. This water will be diluted but needs to be 
monitored and reported to government and 
downstream users if not compliant with current water 
quality and or as per agreed permit requirements.    

• During construction and operations, the Diversion 
Channel will divert the river flow away from the mine pit 
and other mining structures 

• Physical stabilisation methods such as vegetation, 
gabions, reno-mattresses, armour flex or retaining walls 
to be installed in the MCDC as per design drawings 

• Monitor stream channel changes, 
particularly at points where 
construction is taking place near 
rivers 

• Following heavy rainfall and during 
the wet season, monitoring of stream 
channels for sedimentation 

• If sedimentation from 
construction activities has 
occurred, soil will be removed 
using appropriate machinery 
and placed on a soil stockpile 

• Topsoil volumes stockpiled to 
be recorded and monitored 

• Evaluate sedimentation control 
measures for effectiveness and 
modify where required. 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

Impact on surface water 
quality from contamination  

• Surface water 
contamination is kept to a 
minimum 

• To protect existing users 
of surface water from 
impacts on water quality 

• Plan and implement an appropriate water monitoring 
and management plan 

• Berms and trenches should be constructed to divert 
clean water away from the workings to the 
environment, and dirty water (sediment laden) will 
report to sediment traps as per the water balance 

• Hydrocarbon management guideline and procedures to 
be implemented 

• Spill kits must be available at all hydrocarbon, chemical 
storage and handling areas and at workshop areas 

• Sewage system will be implemented according to the 
design drawings. The water from the sewage system is 
discussed in the water balance and releases to be 
monitored and recorded 

• Sampling of surface water  from the 
Marvoe Creek, both upstream and 
downstream of the project area 

• Additional  surface water monitoring 
from all site surface water storage, 
use and flow points 

• Monitoring to be on a monthly basis 
Monitoring to include: 

• Analysis of physical and biological 
properties 

• Compare results with water 
standards and permits A number of 
different water quality standards will 
apply depending on the source and 

• Review of monthly & annual 
reports will determine trends 
and quality fluctuations. These 
will then be investigated for 
potential problem areas 

• Hydrocarbon spillages cleared 
as soon as possible & reported 
to management  

• Reports will be made available 
for review by management  

• Water quality will be compared 
to appropriate standards. If 
exceedences are found, 
warnings will be issued to the 
users of water and 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 
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• Hydrocarbon contamination should be cleaned up 
using bio-remediation  and clean-up kits 

• Mitigation for construction of the TSF: 
o Monitoring boreholes to be placed around the 

TSF to identify pollution or seepage from the 
TSF 

o Treat water and tailings prior to discharge onto 
the TSF to meet ICMM and Cyanide Code 
Guidelines and As concentrations such that 
compliance with IFC Guidelines may be 
achieved at the discharge point. 

o Implement quarterly ground and surface water 
quality monitoring as per the monitoring 
program 

• Mitigation for construction of the WRD: 

o Install clean and dirty water separation system 
around WRD 

o Implement ground and surface water 
monitoring as per the monitoring program 

• Adhere to the Waste Management Guideline 

use of the water 

• All monitoring records kept up to 
date 

investigations into possible 
sources of pollution will take 
place 

Decrease in surface runoff 
due to the construction of 
the dam wall and diversion 
trench – Marvoe Creek  

• Maximise run-off to local 
streams 

• Minimise the period during 
which the flow will be 
restricted 

• Limit construction to the dry season where possible 
• Drilling of water supply boreholes to downstream users 

for use during periods in which water supply in surface 
water stream will be decreased or cut off 

• Monitor for unnecessary containment 
of water & potential impeding of flow  

• Report incorrect procedures  to 
the site contractor & allow time 
frame for remediation 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

GROUNDWATER 

Deterioration of 
groundwater quality 

• Effective management of 
any accidental spills 

• Adequate monitoring 
points to allow the 
monitoring of impacts on 
water quality through to 
the operational phase 

• Hydrocarbon or chemical spills should be contained 
and remediated as soon as possible to prevent seeping 
into groundwater 

• All storage areas (for fuels and lubricants) will be 
compacted and have bunded containers to prevent soil 
pollution and appropriate oil separators installed to 
cover a 24 hr rainfall event 

• Accurate records of oil volumes (purchased, disposed, 
and recycled oil) need to be kept i.e. Develop an oil 
balance  

• The conveyance and storage of hazardous chemicals 
and effluents must take place in non-permeable  
proofed infrastructures, including tiles and coatings, 
concrete channels, trenches, and sumps 

• The chemicals need to be stored above ground located 
within a suitable secondary containment (bunded) area 
which caters for a 24hr storm event (bund) 

• All holding structures must be inspected annually by a 
qualified person.  Recommendations with respect to 
repair procedures must be compiled and conducted by 
a recognised specialist 

• Implement the groundwater study’s mitigation 
measures 

• Regular monitoring of the water table in de-watering 
and monitoring boreholes 

• Implement groundwater quality monitoring 
• Adhere to the Waste Management Guideline 

• A rigorous monitoring programme of 
field quality assurance and quality 
control (QA/QC) to be implemented, 
including sample labelling, duplicate 
samples and chain of custody 
documentation 

• Monitoring of boreholes as per 
monitoring program 

• Water quality standards will, as a 
minimum, comply with natural quality 
as per baseline studies  

• Obtain a water abstraction permit 

• Capture, report and record water 
uses  

• Inspections, to identify potential 
spills, soil and groundwater 
impacts  

• Water quality will be compared 
to appropriate standards. If 
exceedences are found, 
warnings will be issued to the 
users of water  

• Implement the incident 
reporting procedure in cases of 
non-compliance 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

AIR QUALITY 
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Generation of dust and 
other atmospheric 
emissions 

• Reduce dust emissions 
from construction activities 
to acceptable levels 

• Reduce the nuisance 
factor of dust to 
neighbouring communities 

• Determine the status quo 
of current ambient air 
quality in the area 

• Track progress of air 
pollution control measures 
being implemented 

• Demonstrate compliance 
with adopted ambient air 
quality guidelines 

• Clean run-off or recycled water should be used to 
dampen roads, tracks and/ or stockpiled material 
especially under windy conditions 

• Wind speed reduction, wet suppression  of permanent 
roads should be undertaken 

• Exposed surfaces that are not going to be utilised after 
construction should be rehabilitated and maintained 

• Traffic control measures aimed at reducing the 
entrainment of material by restricting traffic volumes 
and reducing vehicle speeds  

• Implement measures aimed at binding the surface 
material or enhancing moisture retention, such as wet 
suppression during the dry period. 

• The removal of the smallest required area of vegetation 
and topsoil (i.e. the proposed servitudes and 
infrastructure footprints) will reduce the spatial scale of 
the impact 

• Phase clearing as required by the construction 
programme to avoid exposing areas prior to 
commencement of the works. 

Detailed monitoring plan includes: 
• Implement the AQ system as per the 

AQ assessment and management 
plan 

• Report and record compliance with 
adopted ambient air quality 
guidelines 

• Demonstrating continuous 
improvement 

• Existing on-site meteorological 
station will continue to be monitored. 
Meteorological parameters 
measured at this station include wind 
speed, wind direction, ambient 
temperature, relative humidity, 
precipitation, solar radiation, 
pressure and sigma-theta that 
provide an indication of the 
fluctuations in wind direction 

• Record and report meteorological 
data on quarterly basis 

• Air quality monitoring at the mining 
operations to consist of above 
ground dust monitoring at tipping 
points, conveyor areas and other 
identified areas of potentially high 
dust levels – implement dust 
extraction or spray methods to 
prevent airborne dust 

• Implement grievance procedure as 
well as incident procedures in events 
of non-compliances 

• Maintenance of all monitoring 
and meteorological stations 

• The regular refinement of the 
air quality model to incorporate 
monitored data, thus improving 
confidence in the model’s 
results 

• In the event of noncompliance, 
corrective action to take place 
which includes: 
o Source contribution 

quantification 
o Review of current control 

measures for significant 
sources (implementation of 
contingency measures where 
applicable) 

o Reporting of annual 
monitoring to the relevant 
authorities 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

NOISE 

Increase in noise  • Reduce noise levels from 
the construction activities 
to avoid annoyance to 
surrounding community 

• Ensure compliance with 
applicable standards 

• All vehicles and equipment should be monitored and 
maintained in good working order  

• All sirens should have appropriate directional and 
volume settings 

• On site generators should be clad in suitable materials 
or housed in structures that would reduce their noise 
impacts 

• Implement incident procedure and safety and 
occupational procedures 

• Reduce noise at source if possible. This includes 
ensuring silencers on vehicles, using rubber linings, 
enclosing sources if possible 

• Where required and feasible, place a screen around 
the source of the noise 

• Switch off equipment when not in use 

• Keep as much vegetation as possible to aid in the 
noise absorption of the construction activities 

• Choose low noise plant alternatives 

• Training of personnel to adhere to operational 
procedures that reduce the occurrence and magnitude 
of individual noisy events. 

• Conduct occupational monitoring system for 
Employees working in high noise level areas 

• The KPI for noise must ensure that 
baseline levels are not significantly 
enhanced. 

• Independent noise monitoring to take 
place over a period of 2 – 3 days in 
various locations around the site and 
general area 

• Implement an occupational noise 
monitoring system – report & record 

• Develop appropriate procedures  
and implement 

• Annual reports to be submitted 
to government 

• Annual reports to include 
performances 

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 
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TERRESTRIAL ECOLOGY 

Loss of vegetation 
communities and 
biodiversity 

• Prevent the loss of 
important species of 
vegetation 

• Limit the destruction of the 
Primary Forests 

• Restrict removal and 
disturbance of vegetation 
to those areas absolutely 
essential for the 
development 

• Preserve the flora, 
including areas not directly 
affected by project 
activities 

• Reduce the risk of habitat 
fragmentation and 
preserve natural corridors 

• Ensure rehabilitation plans 
are initiated during the 
operational phase 

• Disturbed areas that will not be used (especially the 
area of drilling paths to the North of the site) should be 
rehabilitated as soon as possible 

• Intact areas of primary forest should be set aside as 
conservation areas, and preferably linked to large tracts 
of intact forest to the north. This would involve the 
commissioning of an offset report considering all 
options (contributions to conservation, setting aside 
new conservation areas, setting aside of additional 
areas for existing conservation areas) The footprint of 
the mine should be kept as small as possible 

• Illegal waste dumping should be prohibited 

• Install/commission a proper waste disposal facility to 
cater for recycling, re-use, recovery, as well as an area 
for incinerator. Equip area with hazardous waste 
storage area under a roof, appropriate oil separator and 
adequate ventilation – area to be bunded and install 
clean dirty water separation at waste disposal facility 

• Domestic waste to be covered to keep animals and 
scavengers out 

• Implement the IEMS and waste guideline principles 

• Community awareness should be implemented as part 
of the stakeholder engagement procedure to create 
awareness of biodiversity and preservation of natural 
habitats 

• Progressive rehabilitation of disturbed areas should 
take place as soon as possible 

• Report any Red data species found and implement 
permit to clear procedure 

• Access should be restricted to already impacted areas 
(drilling roads, test pits and trenches) by rehabilitating 
these areas as soon as possible by ripping  

• Areas where large numbers of plant Species of Special 
Concern occur should be avoided and demarcated  

• Access should be restricted to already impacted areas 
by ripping the roads and filling in trenches, and letting 
these areas revegetate.  

• Access should be controlled in areas where the mine 
has management control to prevent the clearing of 
vegetation and logging 

• Monitor changes in vegetation 
communities using LiDAR imagery – 
when available 

• Monitor roads for logging trucks – 
continual basis 

• It is suggested that the monitoring 
plan as outlined in the Flora and 
Fauna Assessment be implemented 

• In areas where vegetation has 
been removed or unnecessarily 
disturbed, re-vegetation will be 
initiated 

• Where areas of habitat 
disturbance are high, there 
should be an increase in 
community awareness of the 
local biodiversity 

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

Loss of ecosystem function • Minimise domination of 
alien species 

• Prevent the introduction 
and spread of alien 
invasive species 

• Reduce the fragmentation 
of habitats 

• The footprint of the mine should remain as small as 
possible, with new construction limited as far as 
possible to existing cleared areas 

• Alien invasive plants should be monitored and 
controlled at all times during the construction, 
operation, decommissioning and closure phase of the 
mine 

• A corridor set aside within the mine area would mitigate 
fragmentation substantially, especially if this could be 
managed with the community over an extended period 
of time 

• The project area to be monitored 
visually for alien invasive species 

• The presence of alien species before 
the establishment of the 
infrastructure to be recorded and 
then monitored in terms of 
introduction and spread 

• If alien invasive species are 
found, these will be 
immediately removed in such a 
way so as to prevent the 
spread of any seeds that may 
be present. 

• Control methods include 
removing the invasive plant 
from the ground then 
monitoring for re-growth.  

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

Loss of biodiversity due to 
increased site access and 
influx of people 

• Prevention of injury and / 
or death of individual 
animals 

• Preservation of animals’ 

• Workers should be made aware of the importance of 
maintaining the biodiversity 

• In order to avoid hunting, domestic animals such as 
dogs should not have access to the wildlife; 

• Implement the monitoring plan prior 
to construction to check for protected 
species  

• Establish bio-monitoring system and 

• Trends and species diversity 
will be analysed to determine 
any changes. In the event of 
decrease in numbers, this will 
require further investigation to 

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
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habitats 

• Prevent direct persecution 
of wildlife 

• Prevent unnecessary 
hindrance to wildlife 

• Prevent disturbance, 
death or hindrance to 
protected species 

• Prevent logging in the 
forests where  the mine 
has control 

• Disturbed areas that will not be used should be 
rehabilitated as soon as possible 

• Intact areas of primary forest should be set aside as 
conservation areas, and preferably linked to large tracts 
of intact forest to the north. Alien invasive plants should 
be continuously monitored and controlled throughout 
the life of the mine and thereafter 

• Where possible access to forests along haul and 
access roads should be controlled 

• An agricultural program should be set up; where local 
people are taught better farming practices that reduce 
slash and burn agriculture. Conservation programs 
involving the local people may also help to reduce 
logging 

program equivalent to SASS 5 determine the source of the 
impact and thus possible 
mitigation measures 

NLGM Construction Manager. 

AQUATIC ECOLOGY 

Habitat alteration due the 
diversion of the Marvoe 
Creek and the construction 
of a dam, increase 
sedimentation of the local 
river systems 

• Limit the habitat 
destruction as far as 
possible during the 
construction of the 
diversion channel 

• Implement bio-monitoring system and program - 
seasonal 

• Artisanal mining activities should not be permitted 
within the river diversion 

• Sediment traps should be installed and maintained 
where appropriate 

• Riparian vegetation bordering on drainage lines and 
rivers should be considered environmentally sensitive 
and impacts on these habitats should be avoided  

• If erosion has taken place, rehabilitation should 
commence as soon as possible 

• All roads need to be maintained and any erosion 
ditches forming along the road filled 

• Storm water must be managed so as to reduce the silt 
loads in the aquatic system 

• Berms/ earthen walls should be vegetated in order to 
avoid erosion and sedimentation 

• Monitoring program such as bio-
monitoring system to be 
implemented - seasonal 

• Bi-annual aquatic assessments 
should be conducted to analyse 
trends in species diversity 
within the diversion channel 
and the Marvoe Creek. In the 
event that declines in species 
are evident then further 
investigation will be required to 
determine the source and the 
appropriate mitigation 
measures implemented. 

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

Decreased water quality 
from accidental spills 

• Limit hydrocarbon 
spillages 

• All vehicles and equipment should be regularly 
maintained to avoid any oil leaks or spills. Furthermore, 
if any spill or leak does occur ensure that it is properly 
cleaned up as soon as possible to avoid significant 
effects 

• Use drip trays and implement hydrocarbon and waste 
management guidelines 

• Spill kits should be available on site and in the case of 
a spill cleanup operations should commence as soon 
as possible in order to contain spills and limit the 
contamination of the receiving environment 

• Staff members, especially drivers, should be educated 
as to the importance of avoiding hydrocarbon 
contamination in the receiving environment and should 
not be allowed to wash vehicles in streams and creeks 

• Adhere to the Waste Management Guideline 

• An emergency spill response plan 
should be put in place for the 
duration of construction phase  

• A water quality monitoring program 
should be implemented and 
maintained throughout the 
construction phase 

• As above NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

SOCIO-ECONOMIC 

Increase in traffic and 
safety hazards 
Deal with potential spillage 
of hazardous material 

• Ensure safe access to site 

• Create safe environment 
for pedestrians, domestic 
and wild animals and 
motorists 

• Construction activities such as open trenches dug for 
culverts will expose road users to health and safety 
impacts. People could fall or drive into the pits and 
sustain injuries if the pits are not clearly demarcated. 
People travelling by foot, motorbike or taxi, which 
appear to be the main local forms of mobility, will be 
more vulnerable to possible injury due to increased 

The following speed limitations are 
recommended:  

• 40 km/h in mining areas and on 
ramps. 

• 50 km/h on the Daniels Town Public 
Road – reducing speed when in 

Noncompliance to be reported and 
the necessary repairs, maintenance 
and replacements to be carried out 
by the responsible parties  

Community Development 
Manager with assistance from 
the Environmental Manager. 
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traffic volumes 

• Although the road is currently in good condition, 
increased traffic will result in deterioration if not 
maintained throughout the life of the mine.  This will 
increase risk of accidents with other road users.  

• Mining traffic combined with additional heavy traffic 
caused by commercial vehicles will increase the 
number of road accidents, if no precautions are taken.  

• If access is restricted, provide alternative routes. The 
risk for traffic related incidents increases considerably if 
one considers the narrowness of the road, slippery 
conditions during the rainy season, and high volumes 
of traffic. This situation can culminate in severe impacts 
for road users, pedestrians and densely populated 
sections adjacent to the road 

• During the operational phase the transport of products 
(e.g. fuel and cyanide) could potentially result in the 
accidental spillage of hazardous materials.  Although 
the companies responsible for the transport of such 
materials have adequate safety and mitigation 
strategies in place, the possibility cannot be completely 
discounted that accidental spillage may occur, causing 
hazardous materials to seep into the ground and 
pollute groundwater used for domestic purposes.  

• Increased noise and dust pollution, due to increased 
traffic volumes, might impact on the health of the 
roadside population. Although these impacts have been 
assessed in the updated EIS, it is important that they 
also be considered from a social perspective.  These 
impacts will be most significant for those living or 
working closest to the road.   

• Possible selective road realignment can reduce the 
number of people requiring relocation, and may be 
considered for sections where villages are 
concentrated on one side of the road.  It is, however, 
recognised that people are likely to congregate around 
the new road alignment because of the economic 
opportunities it offers; if this option is implemented, it 
would therefore be necessary for government to 
maintain strict enforcement of the RoW along the re-
aligned sections 

• Establishment of grievance mechanism to facilitate the 
resolution of affected community concerns and 
grievances, ensuring on-going interaction with the 
community and the government in order to build trust 
and maintain relationships throughout the life of the 
project 

• Offer barricaded protection, such as fences, to high risk 
zones, i.e. areas like Daniels Town, Gbranga, schools 
and other areas were human activity is close to the 
road 

• Continue the existing practice of addressing traffic 
speed and/or volume through traffic calming measures 
such as road humps or speed breakers.  However, 
such calming devices should be provided only in the 
event of provision of adequate signage 

• Monitoring the impact of mine vehicles on existing 
roads or tracks, and ensure that roads are maintained 
to an acceptable condition 

areas that are populated 

• Work with government in 
implementing changes to the Daniels 
town road so that its alignment, width 
and surface is appropriate for the 
type of traffic it will deal with. 

• Ensure speed bumps are installed in 
areas where traffic speed needs to 
be controlled. 

• Ensure that a hazardous materials 
management plan is compiled and 
implemented. 

• Ensure all suppliers are aware of the 
hazardous materials plan and safety 
risks along the road. 
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• Crossings could be established at areas which are not 
safe to cross -  local residents and regular road users 
should be consulted with regard to location of crossings 

• Ensure good visibility on the approach to B 52 village 
and other areas where human activity is not clearly 
visible 

• Consider the provision of parking areas to minimize 
parked vehicles and other obstructions on the road, 
these parking areas should preferably be delineated 
from the road 

• Ensure roadworthiness of vehicles in service of Aureus 

• Safe travelling speeds must be determined, especially 
for areas with high human activity; adequate measures 
should be implemented to ensure that these restrictions 
are enforced.  Such measures may include monitoring 
vehicle speeds, erecting speed limit signs and installing 
speed bumps, as have already been installed by 
Aureus 

• Heavy motor vehicle (HMV) traffic should be restricted 
to daylight hours if at all possible. Headlights of HMV 
should be on at all times, especially in rainy conditions 

• Where access has to be temporarily denied for safety 
and construction reasons, this must be communicated 
to residents before the event 

• Implement the recommendations measures contained 
within the SIA specialist report 

Influx of foreign workforce, 
job seekers, family, 
entrepreneurs  

• Ensure that recruitment 
strategies for the mine 
prioritise the sourcing of 
local labour, and share in 
gender equality 

• Empower the workforce to 
develop skills that will 
equip them to obtain 
Employment in other 
sectors of the economy 

• Contribute to the 
sustainable development 
of a community (not 
dependent on the mine)  
surrounding the area of 
operation 

• Maximise the number of 
eligible Employees that 
pass through the 
mentorship and coaching 
programme 

• Identify businesses that 
could provide low cost 
goods and services to the 
mine and/or help to 
manage a social/ 
environmental impact 
while creating a livelihood 
for local Employees 

• Provide long term 
sustainable development 
benefits to local 

Mine 
• Clear communication of all available Employment 

positions to minimise population influx 

• Implementation of health development plans including 
upgrading facilities and awareness campaigns 
surrounding HIV/AIDS 

• The local community procurement policy and strategy & 
procedures should be defined 

• Ad-hoc, informal recruitment at the gate or through 
other unapproved channels by setting up recruitment 
stands in built up areas should be prohibited 

• Integrated job profiling as a first step in career 
progression planning should be introduced 

• Gender-specific recruitment programmes and female 
targeted bursaries should be initiated 

• Needs/opportunity assessments in terms of 
procurement should be commissioned 

• Stakeholder database should be established to identify 
partners and develop collaborative networks  

• Entrepreneurial development initiatives should be 
undertaken 

• Investment in training/skills development of younger 
Employees and local community/gender sensitive 
groups should be considered 

• Social development plans should be implemented and 
should be ready to implement prior to construction  

Road 
• In consultation and conjunction with government: 
• Implementing an influx management framework; 

o Developing an influx management plan 

• The social plans to involve action 
plans aimed at providing 
development opportunities and 
benefits to the affected local 
communities. 

• Specific KPI’s which can be used to 
monitor social development and 
progress include: 

• No. of people from the directly 
affected project area and nationals 
Employed prior to and after any 
training received for each phase of 
the project 

• No. of Employees that were 
promoted in positions for each phase 
of the project 

• No. of people from project area and 
Liberians that are recruited vs. no. of 
expatriates 

• Information relating to the above 
aspects to be captured and 
incorporated into a database 

• Monitoring of KPI’s to be done 
annually 

• In line with the KPI’s, an 
evaluation of mitigation 
measures and investigation into 
targeted actions & 
improvements will take place 

 
Community Development 
Managerwith assistance from 
the Environmental Manager. 
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communities that are in 
line with the National and 
District development 
goals, while adding 
business value to the 
company 

• Explore ways of assisting 
in building the capacity of 
local businesses to take 
up the direct and indirect 
opportunities provided by 
the mine 

focussed on managing influx throughout the 
corridor. Implement HIV/AIDS awareness 
programme/ extend existing programme to 
include roadside communities. 

Restricted access to 
services and developments 

• To ensure development is 
spread equally amongst 
surrounding communities 
and villages are not 
indirectly affected by 
displacement of others. 

• Investigate the provision of alternative access roads to 
reduce the distance between the relocation site and 
other villages reliant on the services it provides. 

• Prior to and during construction • Review of the CDP on an 
annual basis to determine if the 
CDP is in line with the original 
goals and objectives set for the 
project. 

OfficerCommunity Development 
Officer with assistance from the 
Environmental Manager 

Physical and economic 
displacement 

• Ensure that accurate and 
regular information is 
communicated to 
Interested and Affected 
Parties (IAPs) 

• Ensure that information is 
communicated in a 
manner understandable 
and accessible to IAPs 

• Partner with existing 
organisations and 
departments to jointly 
assist affected 
communities, potentially 
vulnerable groups, 
entrepreneurs and 
businesses to harness the 
economic development 
opportunities provided as 
a result of the project  

Mine 
• The Resettlement Action Plan should be implemented 

• The significant physical and economic displacement of 
households will require a Resettlement Action Plan. 
This plan should include compensation for structures 
and loss of assets and support with moving to a new 
location and establishing a homestead 

• Displacement of the private landowners will be a 
negotiated displacement, a Type I impact in terms of 
PS5; mitigation should include the option of a lease 
agreement between BMMC and MDA to provide BMMC 
access to the land 

• The development of alternative livelihood strategies 
should be the preferred mitigation measure, maximising 
all possibilities for involvement in Employment 
opportunities available. Although many of these 
positions will be skilled positions, the establishment of 
appropriate training and skills development at an early 
stage will allow local community members to benefit 
from such opportunities 

• Implement the Livelihood Restoration Plan (embedded 
in the  Community Development Plan)  to ensure 
households are not left worse off following 
displacement 

• Establishment of grievance mechanism prior to project 
implementation to facilitate the resolution of affected 
community concerns and grievances, ensuring ongoing 
interaction with the community in order to build trust 
and maintain relationships throughout the life of the 
project 

• The significant physical and economic displacement of 
households will require a Resettlement Action Plan. 
This plan should include compensation for structures 
and loss of assets and support with moving to a new 
location and establishing a homestead 

• Displacement of the private landowners will be a 
negotiated displacement, a Type I impact in terms of 
PS5; mitigation should include the option of a lease 
agreement between BMMC and MDA to provide BMMC 
access to the land 

• The RAP process to meet best 
practice requirements, particularly 
the IFC Performance Standards, and 
involve substantial consultation 

• Monitoring of the RAP process to 
take place bi-annually to ensure 
procedures are being implemented 

• Monitor and assess stakeholder 
satisfaction with the stakeholder 
engagement strategy as well as the 
appropriateness and effectiveness of 
stakeholder engagement 
mechanisms to identify and manage 
issues and impacts associated with 
the mine 

• In the event of dissatisfaction 
with the mitigation measures, a 
grievance resolution procedure 
will be followed, with an 
evaluation of actions taken and 
an investigation into targeted 
actions and improvements  

Community Development 
Manager with assistance from 
the Environmental Manager. 
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Road 
• Refer to recommendations made under the health and 

safety section of the EMP above. 

Conflict situations  
 

• Communication 
procedures will be open 
and transparent  at all 
times 

• Ensure continual  
communication and 
information sharing with all 
stakeholders  

• Ensure that local village 
residents are represented 
by appropriate and 
representative forums, 
through which their 
concerns can be raised 
and addressed 

• Ensure that authorities 
have updated project 
information, such that they 
can plan their involvement 
in and response to key 
requirements associated 
with the project (e.g. 
service delivery for health 
and policing) 

Mine 
• Implement the stakeholder engagement plan 

o Early management of disputes 
o Proactive community engagement 
o A site register should be kept with a record of 

all complaints, issues etc. as well as the 
response thereto 

o Communication channels should be 
established and maintained between the 
Contractor and IAPs 

Road 
• The recruitment policy used to Employ people on the 

project must be fair, transparent and clearly 
communicated to the local population 

• Local community structures (such as town/villages 
chiefs) should be involved to assist with communicating 
the proponent's intention to give preference to the 
existing labour force 

• Awareness should be raised regarding relevant social 
and community issues among all Employees who will 
be in contact with local villages during construction. 
This awareness could be raised during the induction of 
Employees, or can be addressed during tool-box talks, 
with the aim of increasing sensitivity to local norms and 
customs, and awareness amongst contractors and 
workers of appropriate and acceptable behaviour. 

• Monitor and assess stakeholder 
satisfaction with the stakeholder 
engagement strategy as well as the 
appropriateness and effectiveness of 
stakeholder engagement 
mechanisms to identify and manage 
issues and impacts associated with 
the mine 

• In the event of dissatisfaction 
with the mitigation measures, a 
grievance resolution procedure 
will be followed, with an 
evaluation of actions taken and 
an investigation into targeted 
actions and improvements 

Community Development 
Manager with assistance from 
the Environmental Manager. 

Temporary restriction of 
access along the access 
road 

• Reduce the restriction of 
access as much as 
possible 

• Provide alternative route 

• Communicate the 
restrictions well in 
advance 

• Ensure that access to assets is uninterrupted by 
providing alternative access routes and/or temporary 
access points during bridge construction 

• Provide adequate signage to inform road users of 
areas where road works are in progress 

• The measures suggested above to minimise road 
deterioration will also serve to minimise access 
restrictions 

• Where access has to be temporarily denied for safety 
and construction reasons, this must be communicated 
to residents before the event 

• Monitor the construction of the road 
including the time and amount of 
road restrictions 

• The CDP for the project needs 
to take into account all villages 
with traditional area of 
jurisdiction and their 
dependency on services and 
resources. In the event that the 
mine has blocked access along 
routes that are utilised by the 
local community alternative 
routes should be provided 

NLGM, Community 
Development Manager. 

Increased markets for local 
entrepreneurs 

• Facilitate support of small 
and medium business in 
and near to the local area 
by existing business 
development 
organisations to ensure 
optimisation of the direct, 
indirect and induced 
procurement activities 
arising from the 
development of the mine 
 

• Support the development of Small Micro and Medium 
Enterprises (SMMEs) and the Empowerment of women 
at the RAP village areas 

• Promoting local economic development by maximising 
local procurement where possible 

• Construction teams installing culverts can purchase 
some supplies and construction materials from 
roadside villages 

• Monitor and assess stakeholder 
satisfaction with the stakeholder 
engagement strategy as well as the 
appropriateness and effectiveness of 
stakeholder engagement 
mechanisms to identify and manage 
issues and impacts associated with 
the mine 

• The social plans to include action 
plans aimed at providing 
development opportunities and 
benefits to the affected local 
communities 

• In the event of dissatisfaction 
with the mitigation measures, a 
grievance resolution procedure 
will be followed, with an 
evaluation of actions taken and 
an investigation into targeted 
actions and improvements  

 
NLGM, Community 
Development Manager. 

Creation of Employment  • Increase benefits for the 
local economy 

• Improve local skills & 
training 

• Early management and planning during the 
construction phase will mean that opportunities for 
skills development and training may also be available 
during construction activities (Golder, 2012) 

• Establishment of a “skilled labour list at the mine or 

• Action plans aimed at providing 
development opportunities and 
benefits to the affected local 
communities 

• Specific KPI’s which can be used to 

• In line with the KPI’s, an 
evaluation of mitigation 
measures and investigation into 
targeted actions & 
improvements will take place 

Community Development 
Manager with assistance from 
the Environmental Manager. 
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 contractor offices to identify a local labour pool 

• Implementation of skills development programmes to 
ensure support local population in obtaining 
Employment opportunities 

monitor economic development and 
progress include: 

o No. of new business start-ups per 
year 

o Local income levels in the area 
o Employment levels of the area 
o Diversity of local economy 
o Percentage spent on local goods 

and services 
o Percentage people who are 

recruited from local area, 
o Information relating to the above 

aspects to be captured and 
incorporated into a database 

o Monitoring of KPI’s to be done 
annually 

• In the event of dissatisfaction 
with the mitigation measures, a 
grievance resolution procedure 
will be followed, with an 
evaluation of actions taken and 
an investigation into targeted 
actions and improvements 

Noise, dust & water 
pollution 

Refer to noise, dust and surface water sections above 

CULTURAL HERITAGE 

Potential accidental 
damage caused by 
operational activities to a 
cultural sites 

• Minimise disturbance to 
culturally sensitive areas 

• protection of cultural 
heritage site 

• To prevent vehicle or other accidental damage the 
cultural site be demarcated by means of earth bunds, 
fencing and signage 

• Monitor grievances from 
communities 

• Conduct visual inspections of the site 
regularly 

• Adherence to site procedures 

• In the event of complaints from 
local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible  

Community Development 
Manager with assistance from 
the Environmental Manager. 

Direct loss of modern 
burials from the cemeteries 
located in the villages of 
Kinjor and Larjor 

• Ensure relocation of 
graves takes place 

• Consultation to take place between the village 
chief/elders and relatives of the deceased to determine 
the locations of the known burial sites and to agree on 
the most appropriate means and timing for exhumation 
of the remains 

• Implement the Chance Find Procedure, in the event 
that cultural heritage remains are identified by workers 
during the course of the development phases 

• Treatment of the remains during and following 
exhumation to be undertaken with the greatest care to 
limit any damage to the remains 

• The provision of new burial locations for the remains 
and any grave marker to be agreed between NLGM 
and village chief/elders and the relatives of the 
deceased 

• Should other human remains be encountered from 
graves not identified, then all work to cease and NLGM 
to notify the village chief, to then formulate an action 
plan to deal with the discovery with the community’s 
agreement 

• Obtain governmental approval and interaction and or 
training during exhumation activities 

• Monitor grievances from 
communities 

• Conduct visual inspections of the site 
regularly 

• Grave relocation must be undertaken 
if graves are identified 

• In the event of complaints from 
local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible  

Community Development 
Manager with assistance from 
the Environmental Manager and 
Operational Manager or 
construction Manager. 
 

Direct loss of the village 
church, mosque and 
townhouse in Kinjor 

• Construct new facilities to 
replace those lost 

• Consultation to take place between the village 
chief/elders, religious leaders and the community to 
determine the design and locations for the new church, 
mosque and townhouse. NLGM to facilitate the new 
constructions 

• Photographic recording of the existing sites (internal 
and external) prior to their demolition and copies made 
available to the local community 

• Monitor grievances from 
communities 

• In the event of complaints from 
local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible  

Community Development 
Manager with assistance from 
the Environmental Manager. 

Indirect impact caused by • Facilitate access to sacred • Identify new sacred site areas in consultation with the • Monitor grievances from • In the event of complaints from Community Development 
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the Project’s construction 
activities that may inhibit 
members of the local 
community being able to 
access the cultural sites 
associated with Jawajei. 

sites 

• Protection of sites during 
construction 

community and provide alternative routes to these 
scared sites in the event that access to these sites is 
cut off by mining operations. Villages must be notified 
of these new access routes. 

communities local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible  

Manager with assistance from 
the Environmental Manager. 

VISUAL 

Removal of the vegetation 
and the alteration of the 
existing topography will 
result in a change in the 
existing landscape 
character and therefore 
impacting on the visual 
resource value and 
becoming a visually 
intrusive element of the 
landscape. 

• Limit the extent of the 
visual intrusion as far as 
possible 

• Efforts will be Employed to maintain the construction 
site in a neat and orderly condition during the 
construction phase 

• Designated areas for material storage, waste sorting 
and temporary storage, batching and other potentially 
intrusive activities will be created and screened off to 
the extent is feasible 

• Where feasible, specimen trees must be left in 
locations adjacent to the mine where they will not be 
affected by mining activities 

• Monitor grievances from 
communities in relation to visual 
impacts 

• In the event of complaints from 
local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible  

NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

Site camp and construction 
plant lights can potentially 
be highly visible and 
intrusive 

• Limit the extent of the 
visual intrusion as far as 
possible 

• During construction, the Construction Contractors will 
utilise security lighting that is movement activated 
rather than permanently switched on, to prevent 
unnecessary constant illumination 

• During construction selective lighting for the 
construction camps and other secured areas will be 
employed. Up-lighting of structures will be avoided 

• Monitor grievances from 
communities in relation to visual 
impacts 

• In the event of complaints from 
local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible  

NLGM Operations Manager, 
with assistance from the 
Environmental Manager and 
NLGM Construction Manager. 

Generation of dust Refer to the air quality section above 
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SOILS 

Impact on soil through 
erosion 

• Prevent soil loss through 
erosion. 

• Preserve topsoil for future 
rehabilitation  

• All heavy machinery operators and truck drivers should 
stay in designated areas  

• Prepare stockpiles appropriately to ensure vegetation 
establishes itself 

• Ensure stockpiles are placed on a free draining location 
so as to limit erosion loss 

• Ensure erosion measures are put in place at all waste 
rock dumps and stockpile areas  

• Topsoil stockpiles should be maintained for effective 
rehabilitation following the closure of the mine 

• Soil erosion is a potential impact for all sloping areas. 
These sloping areas should be protected by concrete 
structures such as drains, while the main problem 
would be the sloped areas of the TSF and WRD. The 
slopes will require shaping, and contouring as well as 
good grass cover to prevent erosion 

• Progressive rehabilitation to be ongoing during the 
LOM. This must be recorded and reported.   

• Monitoring to be conducted as per 
the soil monitoring plan  

• In event of erosion, remediation 
work will need to be carried out 
to improve the vegetation cover 
or divert rain water runoff 

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 

Impact on soil through 
contamination 

• Prevent reduction of soil 
quality  

• Prevent loss of soil quality 
through contamination with 
hydrocarbons 

• Manage hydrocarbons  

• All heavy machinery operators and truck drivers should 
stay on  designated areas and access roads/tracks  

• Storage and use of fuels and lubricants should be 
confined to lined and bunded areas and comply with 
Waste Management Plan. The appropriate oil 
separators for recycling of hydrocarbons must be 
installed at these locations 

• Accidental hydrocarbon spillages should be reported 
and cleaned up immediately, and the affected soil 
should be removed, and rehabilitated  

• All maintenance should be restricted to appropriately 
designed workshops 

• Vehicle service areas must be paved or compacted. 
Water runoff traps should be constructed at the vehicle 
service sites to prevent polluted water runoff into 
streams 

• Soil hydrocarbon contamination should be cleaned up 
using bio-remediation and clean-up kits 

• Implement the emergency response plan in event of 
disaster 

• Spill kits must be available at all hydrocarbon, chemical 
storage and handling areas and at workshop areas 

• Adhere to the Waste Management Guideline 

Soil samples will be taken from the 
contaminated areas that have been 
rehabilitated.  
Samples to be checked for: 
• pH (water) 

• Exchangeable cations – Na, K, Ca, 
Mg CEC (cation exchange capacity) 

• Texture (particle size distribution) 
• Phosphorus (Bray No1) 
• Heavy metals 

• Soil remediation to take place 
in the event of a spillage. The 
affected soil should be 
removed, and rehabilitated. If 
this is not possible, affected soil 
to be dispose of at a waste site 
designated to accept such 
waste 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 

SURFACE WATER 

Sedimentation of surface 
water sources 

• To have an insignificant 
impact on suitability for 
use downstream 

• Protect existing users of 
surface water from 
impacts to water quality 

• Ensure stockpiles are placed on a free draining location 
so as to limit erosion loss 

• Water must be encouraged to flow from rehabilitated 
areas, Erosion of the topsoil must be prevented by 
using vegetation to control the surface flow velocity in 
conjunction with berms and drains 

• Ensure erosion measures are put in place at all waste 
rock dumps and stockpile areas 

• Where required, the design of PCDs/ RWDs (or similar 
facilities suited to the Project) should ensure that the 

• Sampling of surface water from the 
Marvoe Creek both upstream and 
downstream of the project area as 
per the monitoring plan 

• An ongoing storm water 
management plan is required that 
can be regularly reviewed with the 
progression of the mining operation 
in order to effectively manage the 
separation of clean and dirty water. 

• Review of quarterly & annual 
reports will determine trends 
and quality fluctuations. These 
will then be investigated for the 
source of the impact  

 
NLGM Operations Manager with 
assistance from the 
Environmental Manager. 
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volume of rainwater from a 24 hour storm can be 
contained at maximum operational level 

• Physical stabilisation methods to be installed in the 
MCDC as per design drawings 

Monitoring parameters as per monitoring 
plan and permit conditions. 

• Analysis of physical and biological 
properties 

• Compare results with water 
standards and permit conditions. A 
number of different water quality 
standards will apply depending on 
the source and use of the water 

• All monitoring records kept up to 
date 

Surface water 
contamination from spills  

• To have an insignificant 
impact on suitability for 
use downstream 

• Prevent the discharge and 
run off of contaminated 
water in the short and long 
term 

• Protect existing users of 
surface water from 
impacts to water quality 

• Storage of fuel and lubricants must be contained within 
bunded areas 

• Access to chemical stores must be monitored 

• Upslope water should be directed away from cleared 
areas 

• The vehicle hard park area should be separated from 
clean water areas with berms or channels and oil 
separators. 

• No discharge of water to be allowed if not meeting the 
baseline water criteria or the permit conditions.  . 

• Implementation of stormwater management 
system/plan 

• Implement the emergency response plan in event of 
disaster 

• Spill kits must be available at all hydrocarbon, chemical 
storage and handling areas and at workshop areas 

• Adhere to the Waste Management Guideline 

• Sampling of surface water from the 
Marvoe Creek both upstream and 
downstream of the project area 

• Monitor from all site surface water 
storage, use and flow points 

• Monitoring will be on a monthly basis 

• An ongoing storm water 
management plan is required that 
can be regularly reviewed with the 
progression of the mining operation 
in order to effectively manage the 
separation of clean and dirty water. 

• Monitoring parameters include: 

• Analysis of physical and biological 
properties 

• Compare results with water 
standards. A number of different 
water quality standards will apply 
depending on the source and use of 
the water 

• All monitoring records kept up to 
date 

• Review of quarterly & annual 
reports will determine trends 
and quality fluctuations. These 
will then be investigated for the 
source of the impact  

• Hydrocarbon spillages cleared 
as soon as possible & reported 
to management  

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 

Surface water 
contamination from runoff 
from the TSF 

• To have an insignificant 
impact on suitability for 
use downstream 

• Prevent the discharge and 
run off of contaminated 
water in the short and long 
term 

• Protect existing users of 
surface water from 
impacts to water quality 

• Treatment of tailings to get arsenic levels down to at 
least 2 mg/l, before entering the TSF from the plant, or 
resort to alternative methods to ensure the effluent 
discharge complies with recommended guidelines; 

• The following management measures are 
recommended for the TSF and WRD, namely: 

• Installation of Monitoring  boreholes downstream of 
TSF and WRD; 

• Seepage monitoring via  boreholes downstream of TSF 
and WRD; 

• Storm water channels and management around TSF 
allowing water not to flow into tailings storage area; 

• Determine whether the TSF should be lined 

• Monitoring of groundwater and surface water qualities 
on and around the project area 

• Five (5) metre deep key below the TSF wall 

• 5 m deep French drain system below the TSF wall to 
allow the pumping of seepage water back to the TSF 
pool; 

• Controlled discharge from the holding dam 

• Where required, the design of PCDs should ensure that 
the volume of rainwater from a 24 hour storm can be 
contained at maximum operational level 

• Sampling of surface water from the 
Marvoe Creek both upstream and 
downstream and the compliant 
sampling point of the project area 

• Monitor all site surface water 
storages, water use and flow points 

• Monitoring will be on a monthly basis 

• An on-going storm water 
management plan is required that 
can be regularly reviewed with the 
progression of the mining operation 
in order to effectively manage the 
separation of clean and dirty water 

• Monitoring parameters include 
analysis of physical and biological 
properties 

• Compare results with water 
standards and or permit 
requirements. A number of different 
water quality standards will apply 
depending on the source and use of 
the water 

• All monitoring records kept up to 
date 

• Review of quarterly & annual 
reports will determine trends 
and quality fluctuations. These 
will then be investigated for the 
source of the impact  

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager 
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• All water qualities should be classed against the 
appropriate local background conditions, and agreed 
standards. Monitoring locations TSFDS1, TSFDS2 and 
EDMP1 are in place to monitor effluent discharge from 
the mining activities and should be monitored in a 
weekly monthly and quarterly basis and evaluated 
against IFC guidelines.  If these guideline parameters 
are exceeded the recommended discharge control is 
options listed in section 9 of the Integrated Water 
Management Report must be implemented to allow 
higher diluting factors 

• Discharge of water from the holding dam into the 
Marvoe Creek diversion channel should be at a rate 
close to pre-operational levels with elevated discharge 
during the dry season.  This discharge will take place at 
D1 

Surface water 
contamination from due to 
pit dewatering 

• To have an insignificant 
impact on suitability for 
use downstream 

• Prevent the discharge and 
run off of contaminated 
water in the short and long 
term 

• Protect existing users of 
surface water from 
impacts to water quality 

• Seepage capturing boreholes downstream of WRD 

• Monitoring of groundwater and surface water qualities 
on and around the project area 

• Controlled discharge from the holding dam 

• Where required, the design of PCDs should ensure that 
the volume of rainwater from a 24 hour storm can be 
contained at maximum operational level 

• Where required, the design of PCDs should ensure that 
the volume of rainwater from a 24 hour storm can be 
contained at maximum operational level 

• Treat the tailings in order to reduce the soluble arsenic 
content before being deposited on the facility 

• Monitoring locations TSFDS1, TSFDS2, EDMP1 and 
EDMP2 are in place to monitor effluent discharge from 
the mining activities and should be monitored in a 
weekly monthly and quarterly basis and evaluated 
against IFC guidelines.  If these guideline parameters 
are exceeded the recommended discharge control is 
options listed in section 9 of the Integrated Water 
Management Report must be implemented to allow 
higher diluting factors 

• During the dry months there will be no effluent 
discharge from the TSF circuit if recommended water 
management measures are adhered to during these 
periods.  Discharge to the TSF occurs at an As 
concentration of 2 mg/l which is diluted to 
concentrations well below the IFC guideline of 0.1 mg/l 
by the time it reaches the recommended IFC 
monitoring point 

• Implement a storm water management plan 
 

• Sampling of surface water from the 
Marvoe Creek both upstream and 
downstream of the project area 

• Monitor of site surface water storage 
areas, water uses and flow points 

• Monitoring will be on a monthly basis 
• An ongoing storm water 

management plan is required that 
can be regularly reviewed with the 
progression of the mining operation 
in order to effectively manage the 
separation of clean and dirty water. 

Monitoring parameters include Analysis 
of physical and  biological properties 
• Compare results with water 

standards and or permit 
requirements. A number of different 
water quality standards will apply 
depending on the source and use of 
the water 

• All monitoring records kept up to 
date 

• Review of quarterly & annual 
reports will determine trends 
and quality fluctuations. These 
will then be investigated for the 
source of the impact  

 
NLGM Environmental Manager  

GROUNDWATER 

Disturbance of groundwater 
flow directions and 
decrease in groundwater 
quantity 

• Preservation of 
groundwater quantity 
levels 

• To ensure protection of 
groundwater resources 

• To manage lowering of 
water table and 
consequent impacts on 
private groundwater use 

• Alternative water supplies should be provided to 
groundwater users whose boreholes may be impacted 
as a result of lowering of the groundwater levels 

• Continued monitoring of the water table in de-watering 
and monitoring boreholes 

• Continued groundwater quality monitoring 

• A groundwater monitoring system 
should be designed and 
implemented to provide the required 
water level and water quality data for 
the hydrogeological modelling and 
water balance 

 

• All monitoring data to be 
collated into a data base 
monthly.   

NLGM Environmental Manager. 
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• Set-up a groundwater 
monitoring plan to identify 
any groundwater impacts 
due to mine activities 

Deterioration of 
groundwater quality from 
the  TSF 

• Ensure that adequate 
monitoring points exist to 
allow the monitoring of 
impacts on water quality  

• Prevent indirect impacts 
on flora, fauna and people 
due to contamination of 
groundwater 

• To minimise arsenic 
concentrations into the 
local groundwater 

• An integrated groundwater monitoring programme 
needs to be implemented, which will act as a pre-
warning system for management of impacts. Monitoring 
of mine water is also critical in order to validate the 
geochemical assessment 

• Assess the necessity of the proposed lining of TSF 

• Treat the tailings in order to reduce the soluble arsenic 
content before being deposited on the facility 

• Drill seepage interception boreholes down gradient of 
the TSF site 

• Continuous sump and pump volume metering and 
water distribution record keeping 

• Continued groundwater level monitoring 
• Evaluate newly-identified impacts 
• Sump water quality monitoring 

• A groundwater monitoring system 
should be designed and 
implemented to provide the required 
water level and water quality data for 
the hydrogeological modelling and 
water balance 

• Monitoring of boreholes as per 
monitoring program 

• Water quality standards will as a 
minimum comply with natural quality 
as per baseline studies  

• Obtain a water abstraction permit 

• Obtain water discharge permit when 
and if required 

• Capture report and record water 
uses 

• All monitoring data to be 
collated into a data base 
monthly.   

• The groundwater monitoring 
system will be used to detect 
any variance from predicted 
conditions, for the timeous 
implementation of corrective 
action, compensation and 
enhanced management of 
contaminant control 

• Implement the incident 
reporting procedure in cases of 
non-compliance 

 
NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 

Contamination of 
groundwater through 
spillages (hydrocarbon, 
sewage, waste and 
chemicals) 

• Ensure that adequate 
monitoring points exist to 
allow the monitoring of 
impacts on water quality  

• Prevent indirect impacts 
on flora, fauna and people 
due to contamination of 
groundwater 

• To minimise contamination 
of the local groundwater 

• An integrated groundwater monitoring programme 
needs to be implemented, which will act as a pre-
warning system for management of impacts 

• It is essential to contain any run-off and seepage that 
could potentially impact on the groundwater quality.  
This must be accomplished by the diversion of clean 
run-off water away from the site and containment of 
run-off within the site by various storm water control 
measures 

• Vehicles will be maintained regularly and kept in a 
good working order 

• Vehicle maintenance will not be carried out in random 
areas of the site, but in the designated workshops. and 

• Development and implementation of a hydrocarbon 
management procedure 

• Adhere to the Waste Management Guideline 

• A groundwater monitoring system 
should be designed and 
implemented to provide the required 
water level and water quality data for 
the hydrogeological modelling and 
water balance 

• Monitoring of boreholes as per 
monitoring program 

• Water quality standards will as a 
minimum comply with natural quality 
as per baseline studies  

• Obtain a water abstraction permit 

• Capture report and record water 
uses 

• All monitoring data to be 
collated into a data base 
monthly.   

• The groundwater monitoring 
system will be used to detect 
any variance from predicted 
conditions, for the timeous 
implementation of corrective 
action, compensation and 
enhanced management of 
contaminant control 

• Implement the incident 
reporting procedure in cases of 
non-compliance 

 
NLGM Environmental Manager. 

Contamination of 
groundwater through 
blasting 

• Ensure that adequate 
monitoring points exist to 
allow the monitoring of 
impacts on water quality  

• Prevent indirect impacts 
on flora, fauna and people 
due to contamination of 
groundwater 

• To minimise contamination 
of the local groundwater 

• An integrated groundwater monitoring programme 
needs to be implemented, which will act as a pre-
warning system for management of impacts. 

• Use emulsion explosives 

• A groundwater monitoring system 
should be designed and 
implemented to provide the required 
water level and water quality data for 
the hydrogeological modelling and 
water balance 

• Monitoring of boreholes as per 
monitoring program 

• Water quality standards will as a 
minimum comply with natural quality 
as per baseline studies  

• Obtain a water abstraction permit 

• Capture report and record water 
uses 

• All monitoring data to be 
collated into a data base 
monthly.   

• The groundwater monitoring 
system will be used to detect 
any variance from predicted 
conditions, for the timeous 
implementation of corrective 
action, compensation and 
enhanced management of 
contaminant control 

• Implement the incident 
reporting procedure in cases of 
non-compliance 

 
NLGM Environmental Manager. 

AIR QUALITY 

Generation of dust and 
other atmospheric 
emissions 

• Identification of sources of 
emissions and types of 
pollutants released 

• Determination of pertinent 
source parameters, 

• All access and haul roads should be treated to mitigate 
ambient dust levels i.e. with, water spraying or roads to 
be surfaced 

• Dust should be controlled from crushing and screening 

• The existing ambient monitoring 
network should be continued 
throughout the life of the mine 

• Quantifying the proposed project’s 

• Maintenance of all monitoring 
and meteorological stations 

• The regular refinement of the 
air quality model to incorporate 
monitored data, thus improving 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 
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establishment of particle 
size distributions and 
chemical compositions of 
particle emissions 

• Minimise and control 
sources of emissions 

• Protect community and 
Employee health 

operations  

• All topsoil and overburden storage piles should be 
vegetated  

• Dust generation potential for materials handling 
operations within the open pit can be reduced by 62%, 
by merely doubling the moisture content of the material 
handled. A 75% reduction in dust emissions from 
unpaved in-pit haul roads can be achieved through 
effective water sprays combined with chemicals 

• The crushing system could be enclosed with the 
addition of water sprayers to reduce the amount of 
fugitive dust emissions 

• Dust control measures for open areas can consist of 
wet suppression, vegetation or wind breaks. 

• Wet suppressants are generally applied for short 
storage pile durations; 

• Measures aimed at reducing the extent of unpaved 
roads, e.g. paving/surfacing where possible 

• Locate machinery, fuel and chemical storage and dust 
generating activities away from site boundaries and 
sensitive receptors where possible 

• Utilise pre-fabricated materials to reduce cutting, 
grinding and sawing 

• Use water suppressant systems or dampening down 
whenever possible 

• Use of dust extraction techniques if available 

• Ensure that stockpiles exist for the shortest possible 
time 

• Minimise surface areas of stockpiled material to reduce 
the surface area exposed to wind erosion 

• Do not build steep sided stockpiles or those that have 
sharp changes in shape 

• Whenever possible, keep stockpiles away from the site 
boundaries, sensitive receptors and surface drains 

• If possible, keep stockpiles securely sheeted and only 
remove when necessary 

• Covering and protecting of stored materials from wind 
and dampening stored materials where appropriate. 

• Pre-washing of work surfaces when scabbling 
• Screen off work areas 
• Secure cover for all skips, where possible 
• Minimising drop heights to control the fall of materials 

• Sweeping and dampening down working areas 
regularly to prevent the build-up of fine waste dust 
material 

• Implement a vehicle speed limit monitoring system on 
site, to help prevent/control dust from vehicles and for 
health and safety purposes 

• Traffic control measures aimed at reducing the 
entrainment of material by restricting traffic volumes 
and reducing vehicle speeds 

• Measures aimed at binding the surface material or 
enhancing moisture retention, such as wet suppression  

• Identify areas and activities of high dust generation or 
loading risk  

impact  

• Tracking progress of air pollution 
control measures being implemented 

• Demonstrating compliance with 
adopted ambient air quality 
guidelines with monitoring reports 
submitted annually to authorities 

• Demonstrating continuous 
improvement 

• Existing on-site meteorological 
station will continue to monitor. 
Meteorological parameters 
measured at this station include wind 
speed, wind direction, ambient 
temperature, relative humidity, 
precipitation, solar radiation, 
pressure and sigma-theta that 
provide an indication of the 
fluctuations in wind direction 

• Air quality monitoring at the mining 
operations to consist of above 
ground dust monitoring at tipping 
points, conveyor areas and other 
identified areas of potentially high 
dust levels.  

• Monitoring dust levels on monthly or 
quarterly basis as necessary 

confidence in the model’s 
results 

• Corrective action:  
o Source contribution 

quantification 
o Review of current control 

measures for significant 
sources (implementation of 
contingency measures 
where applicable) 
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• Implement control measures for these areas. These 
activities could include for example, water spraying and 
dousing, use of controls and traffic management 

• Scheduled maintenance of Diesel generators to be 
implemented.   

• Annual official inspection of site vehicles emission 
• Limit vehicles idling motors 

• Regular inspection of site vehicles engines and repairs 
if required 

• Regular inspection of site power generators and repair 
if required 

• Annual official inspection of site power plant emission 
in relation to appropriate emission limits/standards 

• Site design with appropriate emissions abatement 
technology (as appropriate) to minimise emissions to 
atmosphere and to minimise ground level impacts from 
combustion emissions 

• Areas that may be prone to erosion or where signs of 
erosion are evident will be stabilised. Methods of 
stabilisation include: brush-cut packing, mulch or chip 
cover, straw stabilising, sodding, hydro-seeding, the 
application of soil binders and physical stabilisation 
methods such as gabions, reno-mattresses, armour 
flex or retaining walls 

• The total footprint area to be disturbed / developed will 
be kept to a minimum by demarcating the construction 
areas and restricting construction to these areas only 

NOISE 

Increase in noise levels  • Reduce noise levels from 
the mining operations as 
far as possible to avoid 
annoyance to surrounding 
community and remain 
within regulation 

• Establishment of an ambient noise monitoring 
programme 

• Conduct occupational noise monitoring system for 
employees working in high noise level areas 

• The noise monitoring programme implemented on site 
will be aimed at detecting deviations from predicted 
noise levels 

• Corrective measures will be implemented where 
warranted if changes in noise level are detected. 

• Choice of low noise plant alternatives 

• Noise should be reduced at the source if possible. This 
includes ensuring silencers on vehicles, using rubber 
linings, enclosing sources if possible, placement of 
screens etc. 

• Implement the service and maintenance plan for 
vehicles and equipment as faulty vehicles and 
equipment generate more noise 

• Consideration of all individual noise contributors, 
whether continuous low intensity noise or single noise 
events of high intensity 

• Ongoing maintenance and assessment of all screening 
mounds, fences, or walls to control noise along its 
transmission path 

• Switch off equipment when not in use 

• Keep as much vegetation as possible to aid in the 
noise absorption of the construction activities 

• Fixed noise producing sources such as generators, to 
be either housed in enclosures or barriers put up 

• Blast noise to be recorded and 
monitored to co-inside with blasting. 

• Blast noise to be monitored to 
ascertain compliance to the relevant 
World Bank standards  

• The KPI for noise must ensure that 
baseline levels are not significantly 
enhanced. 

• Independent noise monitoring to take 
place over a period of 2 – 3 days in 
various locations around the site and 
general area 

• Implement an occupational noise 
monitoring system – report & record 

• Develop appropriate procedures and 
implement 

• Quarterly reports to be 
submitted to government 

• Annual reports to include 
performances 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 
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around the noise source. The barriers should be 
installed between the noise source and sensitive noise 
receptor, closest to the noise source 

• Blasting is generally intermittent and should be limited 
to daylight hours when ambient noise levels are highest 

• The following with regards to blasting operations is 
recommended: 
o The use of millisecond delays between rows of 

blast holes in a given blasting pattern in order to 
reduce the amount of explosive charge 
detonated at any given instant is recommended 
(Sengupta, 1993) 

o Reduction of the powder factor, that is, use of 
less explosive per cubic yard of overburden 
(Sengupta, 1993) 

o Maintaining good public relations with the 
surrounding communities, i.e warning the local 
communities in advance before blasts 

• Vehicles and operational equipment selected for use 
on the project site should have as low sound ratings as 
possible and all equipment should be regularly 
maintained 

• Training of personnel to adhere to operational 
procedures that reduce the occurrence and magnitude 
of individual noisy events 

• Erect berm, screen or barrier at permanent sites and 
haul roads 

TERRESTRIAL ECOLOGY 

Impact on flora from 
contamination of soil and 
water 

• Prevent the loss of 
important species of 
vegetation and animals  

• Maintain local biodiversity 

• Storage of fuel and lubricants must be contained within 
bunded areas with appropriate oil separators 

• The vehicle hard park area should be separated from 
clean water areas with berms or channels 

• Accidental hydrocarbon spillages should be reported 
and cleaned up immediately, and the affected soil 
should be removed, and rehabilitated  

• Hydrocarbon contamination should be cleaned up 
using bio-remediation and clean-up kits 

• Adhere to the Waste Management Guideline 

• Various parameters should be 
measured, both on the rehabilitation 
sites and in the adjacent undisturbed 
areas. Monitoring to take place 
during dry and wet seasons. 

These parameters  include: 

• Species richness, vegetation 
composition presence of protected 
species and presence of alien 
invasive species 

• Monitoring of rehabilitated areas 
should be done annually for the first 
six years, and bi-annually thereafter 
for a further four years, thus 
providing for 5 years of intensive 
post-rehabilitation monitoring  

• In areas where vegetation has 
been removed or unnecessarily 
disturbed, re-vegetation will be 
initiated 

• In the event that vegetation is 
impacted on, mitigation and/or 
compensation measures will be 
investigated 

 
NLGM Environmental Manager. 
 

Increased site access and 
human activity could 
decrease the areas 
biodiversity 

• Prevention of injury and / 
or death of individual 
animals 

• Limit the disturbances, i.e. 
noise, transport and dust, 
to those areas allocated 
for certain operational 
activities  

• Maintain the habitat for 
existing and future fauna 

• Limit the indirect effects of 
the mine operation, 
through effective mitigation 

• Plants of importance, such as those of special concern, 
should be relocated to a safe area such as a nursery or 
area that will not be disturbed. A nursery should be set 
up for this purpose as well as to propagate appropriate 
species for rehabilitation. This nursery could be 
outsourced to stimulate new business opportunities in 
the local communities 

• Where possible access to the site should be controlled 

• The NLGM employees involved with the operation of 
the mine should be educated about the importance of 
protecting the biodiversity 

• Hunting of animals by Employees must be prohibited 

• A speed limit should be stipulated and adhered to at all 

• The fauna monitoring programme 
implemented during construction 
should be continued throughout 
operation 

The following faunal groups must be 
monitored throughout the operational 
phase: 

• Mammals – observed on site and 
recorded in an inventory. 

 

• Trends and species diversity 
will be analysed to determine 
any changes. In the event of 
decrease in numbers, this will 
require further investigation to 
determine the source of the 
impact and thus possible 
mitigation measures  

NLGM Environmental Manager. 
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and monitoring 

• Limit the cutting down of 
trees surrounding the mine 

times to prevent road related deaths 

• Vehicles should be restricted to the demarcated roads 
and areas around the operation 

• Certain areas should be fenced off to prevent the larger 
mammals entering areas which could pose a danger to 
them 

Loss of ecosystem function • Prevent the loss of 
ecosystem 

• Maintain current 
ecosystem function 

• Set-aside areas should be identified before 
infrastructure is placed to maintain connectivity to intact 
areas of primary forest. This would maintain ecosystem 
function as well as corridors for faunal and floral 
movement and the maintenance of gene flow 

• The footprint area of the mine should be kept as small 
as possible, reducing the fragmentation of the 
landscape 

• Alien invasive plants should be continuously monitored 
and controlled throughout the life of the mine and 
thereafter 

• Monitoring of alien invasive species 

• Monitor changes in vegetation 
communities using LiDAR imagery – 
when available 

• In areas where vegetation has 
been removed or unnecessarily 
disturbed, re-vegetation will be 
initiated 

• In the event that vegetation is 
impacted on, mitigation and/or 
compensation measures will be 
investigated 

NLGM Environmental Manager. 

Ecological disturbance due 
to noise and dust 
contamination 

• Prevention of injury and / 
or death of individual 
animals 

• Limit the disturbances, i.e. 
noise, transport and dust, 
to those areas allocated 
for certain operational 
activities  

• Maintain the habitat for 
existing and future fauna 

• Switch off equipment when not in use 

• Keep as much vegetation as possible to aid in the 
noise absorption of the construction activities 

• Fixed noise producing sources such as generators, to 
be either housed in enclosures or barriers put up 
around the noise source. The barriers should be 
installed between the noise source and sensitive noise 
receptor, closest to the noise source 

• Transport activities should also be limited to daylight 
hours, where possible 

• Dust control measures for open areas can consist of 
wet suppression, chemical suppressants, vegetation or 
wind breaks, amongst others 

N/A • Trends and species diversity 
will be analysed to determine 
any changes. In the event of 
decrease in numbers, this will 
require further investigation to 
determine the source of the 
impact and thus possible 
mitigation measures  

NLGM Environmental Manager. 

AQUATIC ECOLOGY 

Decrease in water quality 
within water courses 

• Maintain aquatic ecology 
of the Marvoe Creek 

• Storage of fuel and lubricants must be contained within 
bunded areas 

• The vehicle hard park area should be separated from 
clean water areas with berms or channels and oil 
separator system 

• Hydrocarbon and chemical spillages should be cleaned 
up using commercially available equipment and clean-
up kits. Details of emergency clean-up procedures 
should be contained in a Pollution Prevention Plan that 
will carry though to operation 

• Correct sewage management technology to cater for 
the volumes produced 

• The removal of the smallest required area of vegetation 
and topsoil (i.e. the proposed servitudes and 
infrastructure footprints) will reduce the spatial scale of 
the impact 

• Runoff water from the waste dumps and stockpiles 
should be channelled into pollution control dams to 
avoid impacts on the receiving environment. The water 
in these pollution control dams should be reused during 
the mining operations if possible 

• These stockpiles and waste dumps should also be 
placed in areas where groundwater and surface water 
pollution can be avoided 

• Sediment traps should be installed and maintained 

• Mitigation measures need to be 
maintained throughout the 
operational phase of the project 

• Adequate stormwater management 
needs to be maintained during the 
operational phase 

• Bi-annual aquatic assessments 
should be conducted to analyse 
trends in species diversity 
within the diversion channel 
and the Marvoe Creek. In the 
event that declines in species 
are evident then further 
investigation will be required to 
determine the source and the 
appropriate mitigation 
measures implemented. 

NLGM Environmental Manager. 
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where appropriate 

• The runoff should be routinely monitored for acidity and 
salinity as an early warning for potential increases in 
salinity or acidic drainage water 

• Adequate stormwater management structures need to 
be constructed and maintained 

• Water quality should be routinely monitored at aquatic 
ecosystems associated with the mining activities. This 
includes sites upstream and downstream of the tailings 
storage facility so that further mitigation measures can 
be implemented 

Lack of connectivity within 
the Marvoe Creek  

• Maintain aquatic ecology 
of the Marvoe Creek 

• Construction of a fish ladder at the dam wall 

• Prevent fishing in the diversion trench as well as at the 
fish ladder 

• Habitat recreation with the diversion trench 

• Mitigation measures need to be 
maintained throughout the 
operational phase of the project 

• Adequate stormwater management 
needs to be maintained during the 
operational phase 

• Bi-annual aquatic assessments 
should be conducted to analyse 
trends in species diversity 
within the diversion channel 
and the Marvoe Creek. In the 
event that declines in species 
are evident then further 
investigation will be required to 
determine the source and the 
appropriate mitigation 
measures implemented. 

NLGM Environmental Manager. 

Increased pressure on 
aquatic resources due to 
the influx of people into the 
area 

• Maintain aquatic ecology 
of the Marvoe Creek 

• Prevent fishing within the diversion trench 
• Develop a management procedures for the sustainable 

use of the dam 

• Education of staff and local villagers in terms of 
sustainable utilization of natural resources 

• Mitigation measures need to be 
maintained throughout the 
operational phase of the project 

• Adequate stormwater management 
needs to be maintained during the 
operational phase 

• Bi-annual aquatic assessments 
should be conducted to analyse 
trends in species diversity 
within the diversion channel 
and the Marvoe Creek.  

NLGM Environmental Manager. 

SOCIO ECONOMIC 

Increase in traffic and 
safety hazards 

• Maintenance of high safety 
measures and road 
infrastructure to prevent 
accidents 

• Ensure safe access 
around site 

• Refer to construction phase EMP mitigation and control 
measures above 

• Monitor traffic incidents on local 
roads around the mine 

• Records to be kept of vehicle 
accidents, pedestrian and animal 
accidents 

The following speed limitations are 
recommended:  
The following speed limitations are 
recommended:  

• 40 km/h in mining areas and on 
ramps. 

• 50 km/h on the Daniels Town Public 
Road – reducing speed when in 
areas that are populated 

• Noncompliance to be reported 
and the necessary repairs, 
maintenance and replacements 
to be carried out by the 
responsible parties  

• If records indicate potential 
problem areas, additional 
safety features to be installed at 
that point 

Operational Manager with 
assistance from the 
Environmental Manager and 
Community Manager 

Noise and dust pollution • Prevent disturbance to 
communities caused by 
noise and dust  

Refer to noise and dust sections above 

Population influx leading to 
increase in social 
pathologies 

• Assemble adequate, 
accurate, appropriate and 
relevant socio-economic 
information relating to the 
context of the operation 

• Assist affected people in 
adapting to the social and 
economic changes 
brought about by the 
project through information 

• An influx management framework is included in the 
CDP drafted for the NLGM. 

• List of available skills in the community to be made 
available to the mine for recruitment purposes 

• HIV/AIDS awareness programmes/ Voluntary 
Counselling & Testing Program should be introduced 

• Monitor and assess stakeholder 
satisfaction with the stakeholder 
engagement strategy as well as the 
appropriateness and effectiveness of 
stakeholder engagement 
mechanisms to identify and manage 
issues and impacts associated with 
the mine 

• Social plans will involve action plans 
aimed at providing development 
opportunities and benefits to the 

Implementation of Social 
Development Plans 

Community Development 
Manager with assistance from 
the Environmental Manager 
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and participation 

• Focus on an HIV 
prevention approach 
rather than a long-term 
intervention 

affected local communities 

Development of local 
economy, Increased 
markets for local 
entrepreneurs 

• Contribute to economic 
diversification 

• Promote the increase in 
local economic benefits 

• Ensure that (potential) 
local suppliers know what 
the quality requirements of 
the broader project area 
are, and that they can 
develop their products and 
services to try to meet 
these standards   

• Contribute to national 
economy 

• Increase foreign currency 
earnings diversification 

• Support the development of Small Micro and Medium 
Enterprises (SMMEs) and the Empowerment of women 
of the affected communities. 

• Promoting local economic development by maximising 
local procurement where possible 

• Establish infrastructure such as markets to facilitate 
trading. 

• The Social Plans involve action 
plans aimed at developing the local 
economy, skills & training and 
recruitment  

• Specific KPI’s which can be used to 
monitor economic development and 
progress and audits will be 
conducted to track performance 

• Information relating to the above 
aspects will need to be captured and 
incorporated into a database 

• Monitoring of KPI’s to be done 
annually 

 Community Development 
Manager with assistance from 
the Environmental Manager 

CULTURAL HERITAGE 

Potential accidental 
damage caused by 
operational activities to 
cultural sites 

• Minimise disturbance to 
culturally sensitive areas 

• protection of cultural 
heritage site 

• To prevent vehicle or other accidental damage the 
cultural site be demarcated by means of earth bunds, 
fencing and signage 

• Continuation of the mitigation from 
operational phase and maintenance 
throughout 

• Implementation of a grievance 
and compensation policy 

Community Development 
Manager with assistance from 
the Environmental Manager 

Indirect impact caused by 
the Project’s operational 
activities that may inhibit 
members of the local 
community being able to 
access the cultural sites 
associated with Jawajei. 

Facilitate access to sites 
Protection of sites during 

operation 

• NLGM to provide access or transportation, where and 
when required (e.g. for the villagers of Jakindor to visit 
Jawajei for ceremonies). 

 

• Monitor grievances from 
communities 

• In the event of complaints from 
local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible  

Community Development Officer 
with assistance from the 
Environmental Manager 

Visual impacts to visitors 
and local residents during 
operation from mining 
activities 

• Limit the extent of the 
visual intrusion during 
operation 

• Due to practical / operational, safety and cost 
implications, the mitigation potential in this regard is 
somewhat limited. However, the following measures 
will be implemented: 
o The plant area will be fenced 
o Progressive rehabilitation of all areas affected by 

mining will be done throughout the operational 
phase 

• Monitor grievances from 
communities in relation to visual 
impacts 

• Monitor rehabilitation as per the 
fauna and flora plan 

• In the event of complaints from 
local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible 

Community Development Officer 
with assistance from the 
Environmental Manager 
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SOILS 

Erosion of soils • Reduce soil erosion on 
site 

• Conserve topsoil for 
rehabilitation 

• Vegetate disturbed areas 

• Keep vehicles on dedicated roads to avoid compaction 
• All foundation trenches need to be filled and fertilised 

• Areas where infrastructure was removed need to be 
vegetated using site specific species 

• Add fertilizers to soil where necessary 

• Monitor erosion and compaction in areas of 
rehabilitation 

• Minimise footprint area during decommissioning 
• Ensure post mining land use suits the land capability. 

• Monitoring should include: 
o Use of a soil auger to establish 

correct placing of topsoil 
o Soil balance and depth for 

volumes of soil 
o Maintenance of all records on site 
o Erosion assessments carried out 

twice yearly in the rehabilitated 
areas to visually check for erosion 
channels. Samples will be 
checked for: 

o pH (water) 
o Exchangeable cations – Na, K, 

Ca, Mg CEC (Cation exchange 
capacity) 

o Texture (particle size distribution) 
o Phosphorus (Bray No1) 
o Heavy metals 
o Random  inspections around 

potential areas of contamination 
o Monitor movement and stability of 

the soil stockpiles 
o Monitor soil balance annually for 

volumes of soil 
o Erosion assessments carried out 

twice yearly in the rehabilitated 
areas to visually check for erosion 
channels 

• In event of erosion, remediation 
work will need to be carried out 
to improve the vegetation cover 
or divert rain water runoff 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager. 

Loss of soil quality through 
contamination  

• Prevent contamination of 
soils through spills 

• Storage of fuel and lubricants must be contained within 
bunded areas 

• Vehicle service areas must be paved or compacted. 
Water runoff traps should be constructed at the vehicle 
service sites to prevent polluted water runoff into 
streams, fitted with an oil trap 

• Accidental hydrocarbon spillages should be reported 
and cleaned up immediately, and the affected soil 
should be removed, and rehabilitated  

• Alternatively, contaminated soil needs to be disposed 
of at a waste sites designated to accept such waste; 
and 

• Soil hydrocarbon contamination should be cleaned up 
using bio-remediation and clean-up kits 

• Implement the emergency response plan in event of 
disaster 

• Spill kits must be available at all hydrocarbon, chemical 
storage and handling areas and at workshop areas 

• Adhere to the Waste Management Guideline 

• Monitoring should include: 
o Use of a soil auger to establish 

correct placing of topsoil 
o Soil balance and depth for 

volumes of soil 
o Maintenance of all records on site 
o Erosion assessments carried out 

twice yearly in the rehabilitated 
areas to visually check for erosion 
channels. 

• Samples will be checked for: 
o pH (water) 
o Exchangeable cations – Na, K, 

Ca, Mg CEC (cation exchange 
capacity) 

o Texture (particle size distribution) 
o Phosphorus (Bray No1) 
o Heavy metals 
o Monthly inspections around 

potential areas of contamination 
o Monitor movement and stability of 

the soil stockpiles 
o Monitor soil balance annually for 

volumes of soil.  

• Soil remediation to take place 
in the event of a spillage. The 
affected soil should be 
removed, and rehabilitated.  

NLGM Operations Manager, 
with assistance from the 
Environmental Manager 
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• Erosion assessments carried out 
twice yearly in the rehabilitated areas 
to visually check for erosion 
channels 

SURFACE WATER 

Impact on water quality  • Ensure seepage from 
infrastructure that poses 
the possibility of 
contamination is contained 

• Ensure compliance with 
the closure plan  

• Erosion control measures must be put into place at all 
disturbed areas 

• Storm water management measures should be 
maintained during closure  

• Storage of fuel and lubricants must be contained within 
bunded areas 

• Vehicle service areas must be paved or compacted. 
Water runoff traps should be constructed at the vehicle 
service sites to prevent polluted water runoff into 
streams 

• Accidental hydrocarbon spillages should be reported 
and cleaned up immediately, and the affected soil 
should be removed, and rehabilitated  

• Environmental monitoring should continue for a period 
of at least five years after mining, or until a trend is 
established. In the event that water quality is poor, a 
stream analysis should be performed to determine the 
possible sources of pollution and recommend mitigation 
measures 

• Through decommissioning and post closure monitoring, 
the mine needs to identify pollution occurring and the 
success of the rehabilitation programme 

• The monitoring of surface water must be continued 
during the decommissioning phase 

• Sampling of surface water from the 
Marvoe Creek both upstream and 
downstream of the project area 

• Additional  surface water monitoring 
from all site surface water storage, 
use and flow points 

• Monitoring will be on a monthly basis 

• Review of quarterly & annual 
reports will determine trends 
and quality fluctuations. These 
will then be investigated for the 
source of the impact 

• Hydrocarbon spillages cleared 
as soon as possible & reported 
to management  

 
NLGM Environmental Manager 

Decanting of pit after 
closure impacting on the 
Lake Piso RAMSAR 
wetland 

•  • Refer to mitigation measures provided in the 
operational section of the report 

   

GROUNDWATER 

Contamination of 
groundwater through 
spillages, reduction in water 
table and inflow of water 
into the pit 

• To minimise impact on 
local groundwater users 

• To ensure proper 
decommissioning, 
demolition and 
decontamination of 
building structures and 
waste storage areas 

• All potential sources of groundwater contamination 
should be removed at mine closure, including coal dust, 
chemicals and effluent 

• Containment of all oil storage facilities within bunded 
area 

• Vehicles will be maintained regularly and kept in a good 
working order 

• Vehicle maintenance will not be carried out in random 
areas of the site, but in the designated workshops 

• Stop open pit dewatering on closure 

• Remove water diversion ditches to facilitate filling of the 
open pit on closure 

• Rehabilitate  TSF, as per closure and rehabilitation plan 

• Construct spill structures and ditch for the floodwater to 
spill to the diversion channel 

• Continued groundwater level monitoring 
• Evaluate newly-identified impacts 

• Ensure correct protocols are in place and are taken 
regarding clean ups of any spills or leaks 

• Continuation of groundwater monitoring programme 
during the decommissioning phase 

• Monitoring of boreholes  • All monitoring data to be 
collated into a data base on a 
monthly basis.   

• The groundwater monitoring 
system will be used to detect 
any variance from predicted 
conditions, for the timeous 
implementation of corrective 
action, compensation and 
enhanced management of 
contaminant control 

NLGM Environmental Manager 
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• Adhere to the Waste Management Guideline 

Decrease in water quality 
caused by the TSF 

• To minimise impact on 
local groundwater users 

• To ensure proper 
decommissioning, 
demolition and 
decontamination of 
building structures and 
waste storage areas 

• Rehabilitation through vegetation on the TSF 
• Capping the TSF with soils and vegetation 

• Monitoring of groundwater and surface water qualities 
on and around the project area 

• Drilling of water supply boreholes to downstream users 
for use during periods in which water supply in surface 
water stream will be decreased or cut off 

• Construct a permanent spillway to ensure physical 
stability of the facility during storm events. 

• Continued groundwater level monitoring 
• Evaluate newly-identified impacts 

• Monitoring of boreholes  
• TSF rehabilitation as per closure and 

rehabilitation plan 

• Construction and maintenance of a 
spillway on the TSF to drain surface 
water 

• Groundwater monitoring must 
continue until it can be satisfactorily 
proven that any potentially 
contaminated groundwater poses no 
threat to any receptors 

• All monitoring data to be 
collated into a data base on a 
monthly basis.   

• The groundwater monitoring 
system will be used to detect 
any variance from predicted 
conditions, for the timeous 
implementation of corrective 
action, compensation and 
enhanced management of 
contaminant control 

NLGM Environmental Manager 

Possible decrease in water 
quality due to the WRD 
leaching 

• To minimise impact on 
local groundwater users 

• To ensure proper 
decommissioning, 
demolition and 
decontamination of 
building structures and 
waste storage areas 

• Mineralised rock should be placed on a prepared base 
and attempt should be made to encapsulate it with 
remaining waste rock 

• Monitoring of boreholes and surface 
draining from the WRD 

• All monitoring data to be 
collated into a data base on a 
monthly basis.   

• The groundwater monitoring 
system will be used to detect 
any variance from predicted 
conditions, for the timeous 
implementation of corrective 
action, compensation and 
enhanced management of 
contaminant control 

NLGM Environmental Manager 

AIR QUALITY 

Increase in fugitive dust 
during decommissioning 
 

• Minimise and control 
sources of emissions 

• The onsite dust suppression and monitoring methods 
need to be continued during the decommissioning 
phase 

• Dust control measures for open areas can consist of 
wet suppression, vegetation, wind breaks, etc.   

• Ensure vegetation cover to disturbed areas as per the 
rehabilitation plan 

• The long-term effectiveness of suitable vegetation 
selected for the site will be dependent on the nature of 
the cover. Access roads and haul road to be ripped to 
improve aeration and allow for vegetation re-
establishment. 

• Continue to monitor dust levels  • In the event of high dust level, 
the source will be investigated 
and mitigation measures 
applied 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager 

NOISE 

Increase in noise levels 
during decommissioning 
 

• Reduce noise levels to 
avoid annoyance to 
surrounding community  

• Switch off equipment when not in use 
• Reduce the noise at the source. This includes ensuring 

silencers on vehicles, using rubber linings, enclosing 
sources, etc. 

• Place a screen between the source and the receiver; 
• Enclose the source of the noise 
• Speed limits must be enforced 
• Systematic maintenance of all forms of equipment 

• Training of personnel to adhere to operational 
procedures that reduce the occurrence and magnitude 
of individual noisy events. 

• Implement closure and rehabilitation 
plan 

• The sources of noise will be 
determined and mitigated  

NLGM Operations Manager, 
with assistance from the 
Environmental Manager 

TERRESTRIAL ECOLOGY 

Ecological disturbance due 
to noise and dust 

See noise and dust sections above 

AQUATIC ECOLOGY 

Contamination of surface Refer to the surface water mitigation above 
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water 

Contamination of surface 
water from the TSF 

Refer to the surface water mitigation above 

SOCIO ECONOMIC 

Reduction in Employment 
opportunities and 
associated decline in 
economic activities (Post 
closure) 

• Address issues and 
impacts created through 
loss of income and 
Employment  

• Ensure that 
decommissioning and 
retrenchments take place 
in a legally compliant and 
humane manner 

• Ensure that those people 
in the directly affected 
project area have an 
opportunity to learn basic 
life skills and gain basic 
education such that they 
can gain access to other 
economic opportunities 

• Adhere to open and 
transparent 
communication 
procedures with 
stakeholders at all times 

• The workforce should be empowered to develop skills 
that will equip them to obtain employment in other 
sectors of the economy 

• Local partners should be supported to diversify 
economy and decrease dependence on mining  

• Identify and implement training needs and training 
programmes for decommissioning and closure 

• Implement the RAP and the CDP programs 

• Monitor the management of 
retrenchment and unemployment 
and ensure compliance with relative 
laws and regulations 

• In line with the KPI’s, an 
evaluation of mitigation 
measures and investigation into 
targeted actions & 
improvements will take place 

HR manager assisted by the 
CDO 

Noise and dust pollution See mitigation measures above, for noise and dust 

Impacts on surface water 
quality 

See mitigation measures above for surface water 

Impact exacerbation and 
reversal due to road 
deterioration 

• Maintain the road in a 
useable condition after 
mine closure 

• In order to mitigate this impact, Aureus and local 
government should enter into a handover period during 
which the road maintenance activities performed by 
Aureus during the NLGM project’s construction and 
operational phases are discussed and handed over to 
government, in order to assist the government to make 
the necessary arrangements for fulfilling this role. 
During this process, Aureus should transfer the 
necessary skills (if required) and techniques to 
successfully maintain the road. 

• Maintenance of the road after 
closure will be the responsibility of 
the Liberian Government 

• Initiate discussions with 
relevant government 
departments 

Community Development 
Manager with assistance from 
the Environmental Manager. 

CULTURAL HERITAGE 

Potential accidental 
damage caused by 
construction activities to a 
site on the western edge of 
the Project area (Site 1: 
Sekpendeh-Woni guyoh) 

• Refer to operational phase 
of the ESIA for appropriate 
mitigation measures 
section 3.2.10 above 

    

Indirect impact caused by 
the Project’s closure and 
rehabilitation activities that 
may inhibit members of the 
local community being able 
to access the cultural sites 
associated with Jawajei. 

• Facilitate access to sites 
• Protection of sites during 

operation 

• NLGM to provide alternative routes of access  • Monitor grievances from 
communities 

• In the event of complaints from 
local communities, the 
grievance procedure will be 
followed and mitigation applied 
where possible  

 
Community Development 
Manager with assistance from 
the Environmental Manager. 

Indirect impact caused by 
the Project’s closure and 
rehabilitation activities that 

• Facilitate access to sites 

• Protection of sites during 
operation 

• NLGM to provide alternative routes of access  • Monitor grievances from 
communities 

• In the event of complaints from 
local communities, the 
grievance procedure will be 

Community Development 
Manager with assistance from 
the Environmental Manager 
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may inhibit members of the 
local community being able 
to access the cultural sites 
associated with Jawajei. 

followed and mitigation applied 
where possible  

VISUAL 

Removal of visually 
incongruous and intrusive 
elements from the 
landscape 

N/A N/A • throughout Honour the MDA and 
implement the closure plan 

• Ensure that rehabilitation is 
undertaken 

NLGM Operations Manager, 
with assistance from the 
Environmental Manager 
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11 MONITORING PLANS 

The sections below summarises the monitoring plans that have been compiled for the 
specific specialist studies that have been undertaken as required to update the ESIA. It must 
be noted that certain aspects of the previous monitoring plan compiled by Golder, 2012 have 
been incorporated into this monitoring plan. 
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Table 11-1: Integrated Monitoring Plan 

Component Monitoring locations Frequency Parameters 

Surface Water 

Level logger  Marvoe creek 
upstream 

SWM1 

Weekly – levels/Quarterly Qualities 

pH, EC, TDS, Free CN, SO4, WAD, 
As, Fe, Al, Turbidity, Alkalinity,As, Al, 
Sb, Se, Cu, Pb, Ni, Na, K, Ca, F, 
SO4, Mn, Fe, Mg, Cr, Cd, Hg, Zn, 
NO3, NO2, NH4, NH3 

Portable flow gages Marvoe creek 
upstream 

SWM2 

Portable flow gages Marvoe creek 
downstream (Pit 
dewatering) 

SWM3 

Portable flow gages Marvoe creek 
upstream 

SWM4 

Lever logger  Marvoe creek - 
bridge camp 

SWM5 (daily) 

  
Marvoe creek 
surface up 

MC1 

  
Marvoe creek 
surface down 

MC2 

Sampling TSFDS1 TSFDS1 
Quarterly Qualities 

(Effluent: pH, EC, TDS, Free CN, 
SO4, WAD, As, Fe, Al, Turbidity, 
Alkalinity)  TSFDS2 TSFDS2 
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Component Monitoring locations Frequency Parameters 

EDMP1 EDMP1 
(Mcreek: pH, EC, TDS, TSS, Total 
Hardness, Turbidity, Carbonate 
Alkalinity, Bicarbonate Alkalinity, 
Total Alkalinity, Total CN, Free CN) 
As, Al, Sb, Se, Cu, Pb, Ni, Na, K, Ca, 
F, SO4, Mn, Fe, Mg, Cr, Cd, Hg, Zn, 
NO3, NO2, NH4, NH3 

MCDC1 MCDC1 

MCDC2 MCDC2 

JAKSW1 JAKSW1 

EDMP2 (SWM3) EDMP2 (SWM3) 

NVSW1 NVSW1 

Groundwater 

 

Jikando Village 
borehole 

JAKBH1 

Quarterly Qualities 

Total Hardness, Turbidity, Carbonate 
Alkalinity, Bicarbonate Alkalinity, 
Total, As, Al, Sb, Se, Cu, Pb, Ni, Na, 
K, Ca, F, SO4, Mn, Fe, pH, EC, TDS, 
Mg, Cr, Cd, Hg, Zn, NO3, NO2, NH4, 
NH3 
Total CN, Free CN 

Javajai Village 
borehole 

JAVBH1 

WRD monitoring MB01 

WRD monitoring MB02 

WRD monitoring MB03 

WRD monitoring MB04 

WRD monitoring MB05 
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Component Monitoring locations Frequency Parameters 

TSF monitoring MB06 

TSF monitoring MB07 

WRD monitoring MB08 

WRD monitoring MB09 

WRD monitoring MB10 

Marvoe Creek 
Dam Upstream 
monitoring 

MB11 

TSF monitoring MB12 

TSF monitoring MB13 

TSF monitoring MB14 

WRD monitoring MB15 

TSF monitoring MB16 

TSF monitoring MB17 

Marvoe Creek 
Dam Upstream 
monitoring 

MB18 
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Component Monitoring locations Frequency Parameters 

Test Holes 

DTW01 

DTW02 

DTW03 

DTW04 

DTW05 

DTW06 

DTW07 

Pit dewatering 
and WRD 
monitoring 

PW001 

PW002 

K408 

K195 

K159 

K201 

HYD04 

K202 
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Component Monitoring locations Frequency Parameters 

HYD02 

K141 

CD07 

CD08 

Borehole level 
monitoring 

 K174 

Level - monthly 

K175 

K187 

K185 

 K376 

 K382 

 K409 

K410 

 STW04 

 STW05 

Level Loggers STW06 Hourly - Once a Alkalinity, Bicarbonate Alkalinity, 
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Component Monitoring locations Frequency Parameters 

Level Loggers DTW06 
Monthly & Quality & Levels Total, As, Al, Sb, Se, Cu, Pb, Ni, Na, 

K, Ca, F, SO4, Mn, Fe, pH, EC, TDS, 
Mg, Cr, Cd, Hg, Zn, NO3, NO2, NH4, 
NH3 
Total CN, Free CN 

Level Loggers DTW07 

 STW02 

 STW03 

Flora and Fauna 

Change in total area of particular 
habitat, and those allocated to 
conservation areas within the project 
area. 

Secondary forest older than 10 years 
and Primary Forest. 

Once to begin with, then every 3 
years thereafter 

The reduction in the extent of the 
forest as a result of clearing can then 
be mapped by walking these 
perimeters with a GPS.  

Additional aerial imagery can be 
used where possible to augment this 
data. 

 

Change in strata cover Forest Bi annually 

Observation of forest strata cover 
(herbaceous, shrub, tree): categorise 
accordingly 

Take digital images and GPS points 
of forests and thicket classified 

Change in number and/or distribution 
of indicator species 

Indicator species need to be 
identified after a more 

The time period used to sample will 
be determined by the different 

Stratified sampling of the Forest 
within the area of influence should be 
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Component Monitoring locations Frequency Parameters 

comprehensive ecological study has 
been done. 

organisms and the relevant 
technique being used. 

Time periods used for sampling must 
remain consistent throughout the 
monitoring plan. 

undertaken.  

The number of samples will depend 
on the organism being monitored. It 
should be consistent with literature 
and must be representative of 
population 

Change in presence, location, area, 
numbers of invasive plant or animal 
species 

The presence of alien species is an 
indication of disturbance. The project 
area has two alien invasive species; 
additional species are likely to begin 
occurring in the region 

Bi- annually 

Alien plant and animal species need 
to investigated and mapped (GIS). 
Their range and density must be 
monitored 

Representative samples must be 
taken of each alien species within the 
area of influence 

Greenhouse Gases  

Fuel Consumption 

• Generator - Diesel 

• Fleet - Diesel 

• Fleet - Petrol 

• Fleet - External diesel and 
petrol 

Monthly 

Diesel consumption volumes must be 
captured. This includes: 

• Diesel and petrol issued by 
the stores; 

• External diesel and petrol 
purchases (per department), 
and reimbursed. 

The records must be separated into 
fuel consumed for power generation 
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Component Monitoring locations Frequency Parameters 

and fuel consumed by the vehicle 
fleet. 

Lubrication Consumption 
• Generator - Oil/lubricant 

• Fleet - Oil/Lubricant 
Monthly 

Consumption of lubricating oil and 
grease should be recorded. This is 
done by keeping track of the quantity 
of oil issued by the stores. 

Incineration 

• Hydrocarbon contaminated 
waste 

• Incinerated biomass 

• Medical waste 

Monthly 

Weigh and record quantity of all 
hazardous waste (in kgs) that is 
incinerated 

The weight of all incinerated biomass 
must be recorded. This will generally 
be the wooden boxes used to 
package cyanide for the plant. 

Explosives • Explosive consumption Monthly 

The type of explosive used for 
blasting may also contribute to GHG 
emissions. Records must be kept on 
the quantity and type of explosives 
used. 

Gas 
• Butane 

• Acetylene 
Monthly 

Quantity of butane consumed 

Quantity of acetylene consumed 

Air Conditioning • Air Con gas Monthly 
Quantity and type of air con gas 
consumed, separated by type 
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Methane • Sewage Treatment Plant Weekly/Monthly 

A flow meter must be installed to 
measure the quantity of sewage 
produced and treated (Monthly) 

Oxygen Demand (Weekly) 

Water quality – prior to disposal 

Waste 

The monitoring of GHG emissions 
and reporting on GHG emissions 
performance is the key to the 
successful identification of physical, 
regulatory and financial risks and 
opportunities relating to climate 
change. 

Monthly 

The weight of all the recyclable waste 
must be recorded in kilograms, per 
category. These are: 

• Used hydrocarbons; 

• Plastic; and 

• Scrap metal (including food 
tins). 

The weight of all organic waste must 
be recorded, along with the method 
of disposal (covered or open landfill, 
composted or recycled). 

The weight must be recorded for the 
following: 

• Food waste; 

• Paper and cardboard; and 

• Wood and Vegetation. 

The weight of all medical waste 
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incinerated must be recorded 

Mixed waste that is sent to be 
landfilled must be recorded. 

Air Travel 

The monitoring of GHG emissions 
and reporting on GHG emissions 
performance is the key to the 
successful identification of physical, 
regulatory and financial risks and 
opportunities relating to climate 
change. 

Monthly 

Record the number of flights and the 
flight distances must be captured. 

The number of passengers, their 
flight routes and the flight class (i.e. 
economy or business) must be 
recorded. 

Climate 

Meteorology/Climate Change 
Current and additional (if required) 
NLGM Meteorological Monitoring 
Station 

10 minute, hourly and daily 
Rainfall, Wind Speed and Direction, 
Temperature, Humidity, and Solar 
radiation 

Blasting 

Blasting Open pit – 500m blasting zone During blasting 
Ground vibration and overpressure 

Sound levels 

Noise 

Noise 
The noise measurements should be 
taken at the RAP village 

Annual basis 
Noise levels from the proposed 
mining activities 

Occupational noise levels at relevant 
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Occupational noise measurements noise generation facilities e.g. plant 

Soil 

Disturbed areas and stockpiles Disturbed areas & stockpiles Monthly Volumes of disturbed and 
rehabilitated areas 

Reclamation of disturbed areas Areas demarcated for reclamation Quarterly Effectiveness and completion of 
reclamation 

Air Quality 

Ambient air quality monitoring 

Pit and waste dump, haul road 
Licence boundary, any other areas 
where significant dust is generated 
as per monitoring points indicated in 
map below 

Quarterly TSP, PM10,and preferably PM2.5 

Continuous emissions monitoring 
system (CEMS) 

Gold room emission points and 
stacks 

Annually 
NOx, NO2, CO, SO2, PM10, and any 
other trace metals which may be 
present in the natural geology 

Deposited Dust 
Various locations around the Site 
boundary and at local receptors 

Quarterly reporting 
Dust fallout 

Aquatic  

Aquatic Ecology Biomonitoring sites in the Marvoe 
Creek upstream and downstream of 

Annually (high and low flow seasons) SASS 5 
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the project area, as well as within the 
diversion. Also in the Mafa River 
upstream and downstream of the 
confluence with the Marvoe Creek 

Social  

Social 
With the Aureus employees and 
notably in the resettlement village. 

Annually 

Population figures to determine the 
approximate number of people 
moving into and out of the NLGM 
area, household income levels, 
general health status of local 
population, notably HIV/AIDS, record 
benefits and associated with the 
Project, including BMMC CSR 
initiatives 
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11.1 Integrated water monitoring plan 

11.1.1 Surface water quality 

Eleven surface water monitoring locations have been selected to include both upstream and 
downstream locations on streams and rivers that can be potentially influenced by the mining 
activities. (Refer to Plan 8), as attached in Appendix A for the locations of the surface water 
monitoring points): 

■ Monitoring points SWM1 and SWM 2 are located upstream of the open pit area and 
are currently being monitored on a quarterly basis to develop a database of water 
quality that will be representative of upstream water quality before any potential 
mining influences.  The water quality at these two locations should adhere to WHO 
drinking water standards as well as Liberian Class 2 and 3 guidelines; 

■ SWM3 forms part of the current monitoring program to evaluate downstream water 
quality of the Marvoe Creek.  Monitoring of this location should continue to evaluate 
the water quality changes due to effluent discharge from the open pit dewatering 
program and should adhere to IFC guidelines for effluent discharge; 

■ TSFDS1 and TSFDS2 are two monitoring points located in the stream that will 
contain discharged water from the TSF circuit.  Monitoring results of these two points 
will evaluate the water quality changes resulting from discharge of effluent from the 
TSF and guide the operational team towards the correct dilution mitigation to use; 

■ EDMP1 and EDMP2 are two monitoring points within the Marvoe Creek to monitor 
the dilution of effluent discharged from the open pit and the TSF.  Water quality at 
EDMP1 should adhere to IFC guidelines for effluent discharge and is the compliance 
point for discharged water.  EDMP2 should be monitored and should be kept at 
existing levels as seen in baseline data sets; 

■ MCDC1 will monitor water quality discharged from the Marvoe Creek dam within the 
Marvoe Creek Diversion Channel (MCDC); 

■ MCDC2 will monitor water quality of the MCDC downstream from smaller tributaries 
to measure their influence on the Marvoe Creek before the MCDC converges with 
the Marvoe Creek and flows to downstream users; 

■ JAKSW1 is a downstream monitoring point in the surface water stream being used 
by Jikando village during the wet season.  The water quality at this point should 
adhere to WHO drinking water and Liberian Class 2 and 3 guidelines; and 

■ NVSW1 is a monitoring point in the surface water stream located near the position of 
the relocation village.  This point will most probably be used by the new village as 
water supply to various activities and should adhere to WHO drinking water 
standards as well as Liberian Class 2 and 3 guidelines. 
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11.1.2 Surface water flow and level monitoring 

The following monitoring is being implemented for flow and levels in the surface water 
streams of the area (Refer to Plan 8, as attached in Appendix A for the locations of the 
surface water monitoring points): 

■ Surface water level monitoring will take place by means of a level logger installed at 
SWM1.  The level logger will be configured to take hourly readings and this data will 
be downloaded once a month; and 

■ Weekly flow monitoring at points SWM1, SWM2, SWM3 and SWM4 by means of 
portable flow gauges. 

11.1.3 Groundwater monitoring points 

11.1.3.1 Water quality 

The following locations were selected for groundwater quality and groundwater level 
monitoring to include monitoring of both upstream and downstream groundwater receptors 
that can potentially be influenced by the mining activities (Refer to Plan 9, as attached in 
Appendix A for the locations of the groundwater monitoring points): 

■ Monitoring of pit dewatering and potential WRD seepage in boreholes DTW01, 
DTW02, DTW03, DTW04, DTW05, DTW06, DTW07 and PW002 (to be updated and 
revised once mining commences); 

■ Monitoring of potential WRD seepage in boreholes MB01, MB02, MB03, MB04, 
MB05, MB08, MB09, MB10 and MB15; 

■ Monitoring of potential TSF seepage in boreholes MB06, MB07, MB12, MB13, MB14, 
MB16 and MB17; 

■ Monitoring of groundwater levels and quality upstream of the Marvoe Creek dam in 
boreholes MB11 and MB18; and 

■ Monitoring of water supply boreholes in Javajai village at borehole JAVBH1 and 
Jikando village at borehole JAKBH1. 

Monitoring of water quality should be evaluated and classed against WHO drinking water 
and Liberian Class 2 and 3 guidelines. 

Newly drilled boreholes used for water supply and monitoring should be included to the 
monitoring program and plan.  Potable water supply for camp and kitchen water should 
continue in the current manner and is not included in this monitoring protocol description. 

11.1.3.2 Groundwater level monitoring 

Groundwater level monitoring should be undertaken in the following manner: 

■ Monthly level monitoring of all boreholes listed in (Refer to Plan 9) by means of a 
portable dip meter; and 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025 

 

299 

 

■ Level loggers should be installed in boreholes STW05, DTW07 and DTW06.  These 
loggers must be programmed to monitor water levels on an hourly basis and data 
should be downloaded once a month. 

11.1.4 Monitoring protocol and frequency 

The monitoring plan indicated above (Refer to Plan 8, Plan 9, Figure 11-1 and Table11-1) 
shows each monitoring location with the monitoring frequencies as well as parameters to 
monitor for water qualities.  All water qualities should be classed against the WHO drinking 
water standards as well as Liberian Class 2 and 3 guidelines. 

Monitoring locations TSFDS1, TSFDS2 and EDMP1 are in place to monitor effluent 
discharge from the mining activities and should be monitored in a weekly, monthly and 
quarterly basis and benchmarked against IFC guidelines.  If these guideline parameters are 
exceeded, the recommended discharge control options listed in section 9 of the Integrated 
Water Management Report should be implemented to allow higher diluting factors. 

Figure 11-1 shows the water quality monitoring point/compliance point for surface water 
monitoring to monitor water level quality discharge from the NLGM operations. In addition 
the monitoring points recommended in the Integrated Water Management Plan should be 
implemented. 
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Figure 11-1: Water quality monitoring locations/compliance point 
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11.2 Flora and fauna monitoring plan 

The on-site effects that the mine and related infrastructure have on the flora of the area can 
be quantified with continuous monitoring of natural areas on the project site. Such a 
monitoring program must concentrate on the red data species management and alien 
invasive species management. A monitoring program can be applied to what has been 
identified as the area of influence of the mine. The area of influence includes both the areas 
directly affected by the mine and associated infrastructure as well as those areas that may 
be affected by increased access and other possible secondary impacts. It is defined as 
500m surrounding all mine infrastructure. An alien invasive management program has been 
developed that will be utilised during all phases of the project. The monitoring of the red data 
species will have to take place (leaving as many as possible in place, relocating faunal 
species where possible, restricting access by rehabilitating unused roads). Seasonal 
monitoring of the effects of the mine on flora and fauna in the general area must be 
conducted, this can be accomplished through information sharing with local land owners and 
surveys conducted on the surrounding forest. 

The major management measure to be employed with regards to the Red data species will 
be access restriction to the Primary Forest area (no-go areas) by rehabilitating roads that are 
no longer required. Relocation of some burrowing faunal species may be possible as a 
mitigation measure. It is unlikely that large plants can be relocated, and larger animals will 
move away if given sufficient time.  

A monitoring program needs to evaluate the management actions on each of these 
components. The method of monitoring is the Braun Blanquet method, which is a specialised 
method designed specifically for vegetation survey/monitoring purposes. In terms of fauna, 
indicator species should be identified and monitored. 

■ Monitoring must take place every 3 years; 

■ Monitoring must be completed by qualified specialists; 

■ Adaptive management must applied; 

■ Monitoring during the wet season is essential; and 

■ Findings must be compared to previous years. 

The alien vegetation monitoring will be of importance due to the threat posed by site 
clearance which provides open areas where alien invasive species could establish.  

The monitoring program should include search and rescue of areas to be cleared. This 
search and rescue should take place prior to any clearance of areas, to ensure all species 
that occur within the areas to be developed are relocated. This is due to the fact that 
burrowing animals might have young and for this reason will not move despite the 
disturbance. The search and rescue should continue during the construction phase as 
required to ensure disturbance to the natural environment is reduced and limited to 
demarcated areas. During the operational phase, assessments should be done on an 
ongoing basis. Before the decommissioning phase a final survey could be conducted to 
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determine how the environment can had been be improved based on the mitigation 
measures put in place over the life of the mine and facilitate in the final closing procedures, 
rehabilitation and management. 

The indicators and methods for biodiversity monitoring have been modelled on the 
discussion document published by the World Bank, Global Environment Division: Guidelines 
for Monitoring Evaluation for Biodiversity Project (Hawley, 2011). 

Indicators are a cost-effective way of monitoring biodiversity changes, and, when applied to 
all levels, can determine the exact impacts of the mining development as and when they 
occur. Indicators should be cost-effective, measurable and reveal trends. They should not 
only take into account natural variation in factors such as climate, but also determine the 
state of biodiversity directly related to the impacts of the mine. Indicators need to be 
consistent as they are measured continuously over a long period of time (Hawley, 2011). 

The indicators selected for the biodiversity monitoring incorporate three different levels, 
namely: 

1. Regional/landscape 
2. Community/ecosystem 
3. Species/population 

Indicators are given in Table 11-2 below. These are simply descriptions of the indicators and 
ways that these can be monitored are presented in Table 11-2 (Hawley, 2011): 

Table 11-2: Monitoring indicators (Adapted from Hawley, 2011). 

Level Category Indicators Comment 

Regional/ 

landscape 

Habitat area Change in total area of 
particular habitat 

Forest in the area of influence 
will need to be monitored. 
Change in total area of 
secondary and primary forest 
should be detailed, along with 
areas changed due to 
rehabilitation. 

Conservation 
status 

Change in area allocated to 
conservation within project 
area 

As no conservation areas have 
been identified to be set aside, 
this indicator is not applicable 
in this case. 

Community/ 

Ecosystem level 

Habitat 
distribution 

Change in vegetation along 
watercourses 

This is important as swamp 
vegetation should indicate the 
state of the water habitat. 
Swamp vegetation can be 
moitored as far as possible 
within the area of influence.  

Vegetation 
structure 

Change in crown cover This would be changes in the 
cover of the Primary and older 
secondary forests, giving an 
indication of tree loss. 
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Level Category Indicators Comment 

Keystone or 
indicator species 

Change in number and/or 
distribution of indicator 
species 

Monitor and record plant and 
animal IUCN listed species as 
indicators such as the Lophira 
alata for plants, and the West 
African Dwarf Crocodile and 
Lesser Spot-Nosed Monkey as 
animal species within the area 
of influence. 

Invasive species Change in presence, 
location, area, numbers of 
invasive plant or animal 
species 

The presence of alien species 
is an indication of disturbance. 
Existing and new species need 
to be monitored. 

Species/ 

Population level 

Abundance Changes in abundance of 
key animal species 

Keep records of species 
encountered within the area of 
influence (both flora and 
fauna). 

 

The monitoring program needs to be done in a systematic and scientific manner, and 
involves close monitoring of floral and faunal changes in the project area.  

Indicators are useful in that they provide a costs-effective way of determining the impacts of 
the project and surrounding communities without having to do a comprehensive study each 
year.  
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11.3 Air quality monitoring programme 

11.3.1 Dust monitoring programme 

New Liberty Gold Mine conducted dust monitoring campaign for six months and results are 
presented in this report. It is advised that such monitoring be continue during the project life 
in order to establish historical repository of data needed to fully understand/address fugitive 
and airborne dust emissions from the construction, operation and closure activities. 
Managing dust effectively will result in the reduction of respiratory diseases that are as a 
result of air pollution, reduced risk of damage to property, improved visibility, and fewer 
disturbances to existing flora and fauna habitats.  

Before the mining activities commence, dust fallout buckets need to be installed at all 8 
principal wind directions (Refer to Plan 10 attached in Appendix A for the location of the dust 
monitoring points). For the second dust monitoring campaign, the monitoring sites have 
been selected, with emphasis on sensitive receptor sites - downwind of the main sources of 
dust (TSF and ore removal from the open pit). 

11.3.2 PM10 monitoring programme 

The client should establish a fine particulate monitoring programme, which should include 
one particulate instrument to monitor PM10 and preferably PM2.5 from the open pit and plant 
area. PM10 instrument should be located to the northeast of the plant area, but not too close 
to south east pit. Air dispersion modelling should always use site specific data as this data is 
extremely useful when analysing monitoring data. It is advised to install the unit at least one 
year prior to the construction phase to allow for the collection of an ambient air quality 
baseline data set. 

11.4 Introduction 

Digby Wells Environmental was commissioned by Aureus to develop a mine closure plan, in 
accordance with the Environmental Protection Agency Act and the constitution of Liberia, as 
well as in compliance with the IFC performance standards, EPs and WB)guidelines.  

The activities associated with mine closure are designed to prevent or minimise adverse 
long-term environmental impacts, and to create a self-sustaining natural ecosystem or 
alternative land use based on an agreed set of objectives. The objective of mine closure is to 
obtain legal (government) and landowner agreement that the condition of the closed 
operation meets the requirements of those entities, whereupon the company’s legal liability 
is terminated. Associated with mine closure is mine rehabilitation. Mine rehabilitation is an 
on-going programme designed to restore the physical, chemical and biological quality or 
potential of air, land and water regimes disturbed by mining to a state acceptable to the 
regulators and to post-mining land users. The time for the company to implement 
rehabilitation measures for disturbed areas will be dealt with in the commitments made in 
their EMP. 
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A closure plan, as described in this report, is generally compiled prior to the operational 
phase of the mine and provides the basic principles and practices to be followed during the 
construction, operation and closure of the mine. As the mine progresses the closure plan 
should be updated on an annual basis. A final closure plan for the mine is required 5 years 
prior to mine closure. 

11.4.1 Gaseous monitoring programme 

Approved methods should be used to monitor gaseous pollutants (NOx, SO2), as well 
particulate matter. Recommendations for the stack measurements are Method 7 for 
determining NOx, and Method 6 for determining SO2 as prescribed by the US EPA, as well 
as Method 5 for Particulate Matter in order to acquire more accurate stack measurement 
results. 

Emissions from the gold room stack should be measured, even though the assumption is 
that it will be operational for 832 hours per year. Potential air pollutants that can be 
discharged from the gold room stack include arsenic, cadmium, chromium, lead, 
manganese, mercury, nickel and selenium, depending on the composition of gold ore. 

11.4.2 Meteorological monitoring programme 

NLGM should continue to deploy a meteorological station at its premises that measures 
hourly values for the following parameters: wind speed and direction, ambient temperature, 
relative humidity, barometric pressure, solar radiation, and precipitation. The air dispersion 
modelling should always use site specific data if possible. The existing station should be 
calibrated and programmed to collect hourly values for all the parameters. 

12 CLOSURE PLAN 

12.1 Mine Closure Objectives 

Closure planning is an ongoing process, which begins during the planning phase of a mine’s 
development. Environmental management in mine closure and decommissioning has 
therefore shifted focus towards the idea of ‘planning for closure’ (Sassoon, 1996). Closure 
and rehabilitation planning becomes progressively more detailed through an integrated and 
systematic process (see Figure 12-1, below). Planning for mine closure and rehabilitation 
must be sufficiently flexible to allow for operational changes as well as changes in 
technology and/or regulatory requirements. 
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Figure 12-1: Closure planning (source: ICMM, 2008) 

Central to the closure plan is the development of a progressive rehabilitation plan which will 
ensure: 

■ The post-mined landscape is safe and is stable from physical, geochemical and 
ecological perspectives; 

■ The quality of the surrounding water resources is protected; 

■ The agreed sustainable post-mining land use is established and clearly defined to the 
satisfaction of the community and government; and 

■ Success criteria are agreed with relevant stakeholders, monitored, and reported to 
stakeholders. 

The development of a mining operation, including associated processing facilities and 
infrastructure, usually involves the permanent alteration of existing landforms, disturbance to 
vegetation and flora, disruption of fauna habitats, hydrological impacts and potentially some 
level of contamination. 

The systematic process and diagram in Figure 12-1 comply with international standards and 
will be followed throughout the NLGM LoM plan. 
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The Mine Closure and Rehabilitation plan will be reviewed and updated annually in 
preparation for potential events such as material changes in operating parameters, for 
example, if the operation is converted to an underground mine or other satellite deposits 
extend the life of the mine. Wherever possible and practical, closure planning and closure 
risk assessments will continue to involve relevant internal and external stakeholders. 

Activities to be carried out for the effective decommissioning and closure of the NLGM 
operation are as follows:  

■ Comprehensive characterisation of soils, overburden and mineral processing wastes 
to determine their capacity to support plant growth and their potential to have 
adverse impacts on water quality, including the following: 

� Characterisation of soils and overburden to start as early as the exploration phase 
and continue through the pre-feasibility and feasibility phases as a basis for mine 
planning (this has already been done as part of NGLM’s Environmental and 
Social Impact Assessment-ESIA). The requirement for characterisation will 
continue during the operation of the mine, particularly where the ore grade and 
mine plan change in response to altered market conditions or for other reasons; 

� Soils, overburden and wastes provides the basis for rigorous segregation and 
selective placement of materials to achieve a sustainable vegetation cover and to 
prevent impacts to surface and groundwater resources. Segregation and selective 
placement of overburden is required;  

� Establishment of sustainable ecosystems after the LoM generally requires the 
conservation and replacement of soil resources over the disturbed areas. 
Ongoing of borrow pit rehabilitation and disturbed areas will be done during the 
LoM; and 

� Classification of the waste rock types, the segregation and placement during the 
LoM, for waste rock disposal (Aureus have a programme in place to manage this); 

■ Implementing rehabilitation measures during the operational life of the mine. Record 
and report the disturbed areas over the rehabilitated areas during the annual report 
and amend the closure plan and costs accordingly. Progressive rehabilitation will be 
done for the backfilling at the Larjor section of the pit;  

■ Ensuring that rehabilitated areas are left free draining and well vegetated (whether 
through re-planting or natural plant colonization) and the plant cover is self-
sustaining; 

■ Ensuring that the TSF, WRD and Pit are rehabilitated in such a way as to prevent 
erosion and to minimise any potential impacts emanating from them post-closure; 

■ Maintenance of all disturbed and re-vegetated areas; 

■ There will be no demolition of buildings and other infrastructure. An agreement with 
the Liberian Government has been reached, whereby liability for all permanent and 
immovable mine infrastructure, and its future maintenance, will be formally 
transferred to the Liberian government upon cessation of the mining operation; and 
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■ Monitoring of key environmental variables (i.e. soils, erosion, vegetation, 
groundwater, surface water and air quality) in order to demonstrate stability of 
rehabilitated areas during the LoM and for a minimum of five years after closure or 
until such time as all areas have been successfully rehabilitated to the required 
standard. 

12.2 Terms of Reference 

This closure report has been compiled in fulfilment of the Environmental Protection Agency 
Act of Liberia.  

In addition to compliance with Liberian Legislation, Aureus, based on the project finance 
requirements, are required to adhere to the Equator Principles. In line with these principles, 
observance to the International Finance Corporation (IFC) Performance Standards and the 
World Bank Group Environmental, Health and Safety (EHS) Guidelines were considered 
during the compilation of this report.  

12.3 Environmental impacts and rehabilitation measures at closure 

Ideally the closure plan is intended to minimise or mitigate closure risks to acceptable levels. 
However, there will always be a level of residual risk or uncertainty which requires further 
assessment and management. These risks include the success or failure of the chosen 
option, errors in cost forecasting, and the risk that an unexpected large rainfall event may 
occur. For example, a particular water treatment process or dump design may have been 
identified to control the risks. Having developed the control (in the closure plan), there will 
still be a residual risk that the water treatment—as planned—could fail, requiring additional 
measures. Failure could be due to changes in chemistry, or changing regulations that may 
require stricter discharge limits. Even in cases of low severity and unlikely residual risk, 
analysis should still be carried out from a long-term risk management perspective.  

A structured holistic approach utilising a sound risk model means that all potential issues 
(social, environmental, safety) are identified and incorporated into the mine planning 
processes. At this stage of closure and rehabilitation plan development, the identified 
hazards include amongst other,  

■ Bio-physical hazards: physical instability, erosion and sedimentation, re-vegetation 
sustainability, geochemical stability; and 

■ Safety Hazards: issues associated with the long-term safety on local communities 
due to the Pit and TSF (for example, animals and people falling into the Pit or TSF).  

There is a significant interaction between the various biophysical and socio-economic mine 
closure aspects. In future versions of this rehabilitation and closure plan, a formal risk-based 
approach will be used to identify and assess residual biophysical and socio-economic risk. 
The outcomes will be included into the closure and rehabilitation costing methodology during 
the operational phase of the mine. 
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Aureus has an agreement with the Liberian government (Mineral Development Agreement) 
signed during November 2009, that all permanent and immovable infrastructures will be 
transferred to the Liberian government post-closure. This infrastructure will include:  

■ Gold processing plant; 

■ Water storage and pollution control facilities; 

■ River diversion system; 

■ Support facilities and infrastructure at the mine site; 

■ Staff accommodation; 

■ Water treatment plant, general waste landfill site and an associated incinerator; 

■ Ancillary facilities such as service buildings and laboratory; and 

■ Roads.  

In this mine closure plan, it has been assumed that all these infrastructure items will be 
transferred to the Liberian government post closure and that only the Pit, TSF and WRD will 
be rehabilitated.  

An action plan will be developed and included in the site’s sustainability closure plan for 
implementation, which is required 5 year prior to mine closure, resulting in the following 
outcomes: 

■ Successful deconstruction/demolition/decontamination and earthworks completed as 
planned; 

■ Landform use suitable for agricultural purposes; 

■ Social opportunities created with local landholder group and government managing 
the water system on behalf of the community; and 

■ Local and provincial government responsible for the health and medical centres and 
other infrastructure installed as part of the community development plan (MDA 
Agreement). 

The ultimate success of the mine’s closure is dependent on participation of all stakeholders 
who will actively support and help in planning the mine closure in order to achieve the goals 
and aspirations of NLGM’s stakeholders.  

The sections below give details of the procedures to be followed when rehabilitating the 
WRD, TSF and Pit when the mine ceases to operate.  

12.4 Closure consideration for processing plant 

All permanent and immovable infrastructure at the processing plant will be transferred to the 
Liberian government when the mine ceases.  

The storage and use of hazardous materials such as degreasers and hydrocarbons could 
result in the contamination of the environment during the life of the operation. During closure 
the mine site should be assessed for contaminated areas. These areas should then be 
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cleaned up by removing the contaminated soil and overburden materials and disposing of it 
in an officially registered hazardous waste site.  

Currently, there is no official hazardous waste disposal site in Liberia. To some extent, 
hydrocarbon hazardous wastes can be mitigated by a process of biological degradation, and 
this possibility should be explored. 

For the purpose of this mine closure plan, it has been assumed that all contaminants (other 
than cyanide) will have been identified during the operational phase of the mine life, and 
clean-up of hazardous materials will be done on operational costs. It is also assumed that 
there will be no radioactive materials requiring remedial action at closure, or radioactivity 
residual risk post-closure. A waste management strategy or guideline has been developed 
for implementation during the LoM. 

Cyanide decontamination of the plant site needs to be taken into consideration at closure. All 
equipment and surfaces within the plant area that had been exposed to cyanide will be 
subject to cyanide decontamination.   

A financial provisions of $ 58 514.00 has been included for cyanide decontamination when 
the mine ceases. The basis for this figure is: 

■ Removal and disposal of remaining cyanide product at $ 14 630.00; 

■ Removal of pipes, pumps, valves and cleaning of tanks and associated infrastructure 
at $14 630.00; 

■ Cleaning all structures by vacuuming effluent and disposing of at a registered waste 
facility at $ 21 940.00; and 

■ Disposal of contaminated scrap at $ 7 314.00. 

The above figures are based on quotes received from various cyanide decontamination 
experts in South Africa and an additional mark-up of 30% was added to the South African 
based quotations to account for the remote location of these sites within Liberia.   

12.5 Closure considerations for Pit 

In operation years 5-8, waste rock will be deposited in the Larjor pit void. After the Larjor pit 
has been backfilled and an acceptable final profile developed, topsoil will be replaced. This 
will be followed by allowing natural regeneration and vegetation succession.  

It is assumed that as the deposited rock reaches final elevation at the Larjor pit, a proportion 
of that filled surface will become available for progressive rehabilitation. Therefore, for final 
closure costing, it is conservatively assumed that at closure all of the Larjor pit will have 
been refilled and re-profiled with rock and that 50% of the rehabilitation (topsoil replacement) 
will be completed during the life of mine, as part of the progressive rehabilitation programme. 
Accordingly the closure cost for the rehabilitation of the Larjor pit reflects 50% of the 
estimated cost of rehabilitation. Currently, it has been assumed that natural re-colonization 
will take place and accordingly no cost has been allocated for re-vegetation.  
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The accuracy of this estimation and the quantum that needs to have been set aside when 
the mine ceases to operate will be amended annually when the closure report is subjected to 
its annual review. 

The rest of the Pit sections (Latiff, Kinjor and Marvoe) will be allowed to become in-pit lakes. 
Before these Pit sections can become in-pit lakes, the following will be carried out at closure: 

■ Decommission pipelines, pumps, and electrical lines; 

■ Stop open pit dewatering; 

■ Block access ramps; 

■ Evaluate the stability of the pit slopes and where required, re-shape or stabilize pit 
slopes; 

■ Slope edges of the pit to the final high water mark (to permit animals and people that 
might have fallen into the pit to get out); 

■ Remove water diversion ditches to facilitate flooding of the open pit;  

■ Construct a 3m high (4m wide) berm around the pit (Latiff, Kinjor and Marvoe) in 
areas where the pit is not surrounded by the WRD;  

■ Construct spill structures and ditch for the floodwater to spill to the MCDC; and 

■ Continuously assess the water quality in the open pit and groundwater at the 
rehabilitated Larjor pit and if required, provide water treatment systems (e.g. pit lake 
treatment, constructed wetland, water treatment plant) to improve water quality in the 
open pit. 

In most closure plans, some work is required in respect of the following activities: 

■ Evaluate the stability of the pit slopes and where required, re-shape or stabilize pit 
slopes; and 

■ Slope edges of the pit to the final high water mark (to permit animals and people that 
might have fallen into the pit to get out). 

However, at this stage, a detailed geotechnical assessment has been completed for the pit 
walls to determine the required sloping of pit edges (Latiff, Kinjor and Marvoe). It is expected 
that the walls will hold up fairly well since presplit blasting will be completed on the final pit 
faces.  

12.6 Closure considerations for the TSF 

The following mitigation measures have been proposed to reduce and or mitigate the 
potential environmental impacts from the TSF during and after mine closure: 

■ Construct a permanent spillway to ensure physical stability of the facility during storm 
events. This will be done during the construction phase of the dam, therefore not 
accounted for in the closure costs; 
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■ Fill the tailings pond area to eliminate water ponding. This can be achieved by 
spigotting the final tailings so as to greatly reduce the final pond size, then infilling 
with additional saprolite to ensure a free-draining surface. This will be done during 
the final stages of the mine’s operation and hence not accounted for in the closure 
costs; 

■ Cover the TSF with a saprolite layer (at least 700mm thick, but contoured to ensure 
free drainage of surface runoff post-closure); followed by 300mm topsoil, and then 
allow natural re-generation of vegetation establishment to occur. This will be 
subjected to research studies that will be ongoing during the LoM, on sections of the 
TSF in order to establish remedial growth medium (vegetation) over the LoM and 

■ Monitoring of groundwater and surface water qualities around and downstream of the 
TSF area. 

12.7 Closure considerations for the WRD 

At this stage of development of the mine, all sections of the rock dump will reach final profile 
levels within the first four years of operation. Significant portions of the rock dumps will be 
available for progressive rehabilitation. The upper surface of the dump will be reprofiled, at 
closure, to provide for surface water drainage into the final pit void instead of away from the 
pit will mean that not all of the dump surface can be rehabilitated to final closure standard. 
Therefore, for final closure costing, it is assumed that 50% of rehabilitation will be completed 
during the life of mine, as part of the progressive rehabilitation programme. Accordingly the 
closure cost for the rehabilitation of the WRD reflects 50% of the estimated cost of 
rehabilitation of the dump surface, plus modification of the crest slope to provide inward 
drainage. The quantum that needs to be set aside when the mine ceases will be amended 
annually when the closure report is subjected to its annual review. 

During the decommissioning phase the following potential impacts were identified for the 
WRD (for a detailed report, refer to the Aureus Integrated Water Management Report by 
Digby Wells): 

■ Physical stability of the WRD, for example increased runoff and erosion from rainfall 
on WRD and open areas; and  

■ Chemical stability of the WRD, for example possible seepage of metal contaminants 
from the WRD into surface and groundwater systems.  

The following mitigation measures have been proposed to reduce potential environmental 
impacts due to the WRD during and after mine closure; 

■ Reshape the crest (2% slope) of the waste dump and allow drainage channels on the 
side slope for the run-off to flow to the open pit; 

■ Ensure all the side slopes of the waste dump are at a minimum slope of 3H:1V (i.e. 
18o slope; 

■ Topsoil (at least 300mm) and allow natural colonization of vegetation to occur; and 
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■ Monitoring of groundwater and surface water qualities around and downstream of the 
WRD area. 

12.8 Closure consideration for the MCDC 

The Marvoe Creek diversion will remain post-closure as per the approved NLGM ESIA 
report. It will be designed in such a manner that it would require minimal ongoing care and 
maintenance post-closure. Monitoring is required as part of the surface, groundwater 
monitoring program for the Pit, TSF, and other rehabilitated areas, post-closure. 

12.9 Long term monitoring, management and maintenance 

The purpose of monitoring is to ensure that the objectives of the rehabilitation programme 
are met and that the progressive rehabilitation process is followed as planned during the life 
of the mine. Detailed tracking of the progress of progressive rehabilitation will permit the 
annual review of the closure plan to reflect this progress, thus reducing or increasing the 
quantum required for final closure costs. The physical aspects of rehabilitation should be 
carefully monitored during the operational phase as well as during the progress of 
establishment of desired final ecosystems, so that deviations from expectation can be 
catered for in subsequent versions of the mine closure plan and costing. 

The following items should be monitored continuously: 

■ Identification and selective placement of potentially polluting rock within the WRDs; 

■ Alignment of actual final topography with the approved closure and rehabilitation 
design; 

■ Management of topsoil and saprolite stripped, used and placed during LoM and 
during decommissioning (records to be kept); 

■ Erosion status; 

■ Drainage systems and surface water quality; 

■ Pit water quality; 

■ Groundwater quality as per ESIA amendment report; and 

■ Monitoring of vegetation re-establishment and sustainability. 

While a significant proportion of the monitoring and management activities listed above can 
be done during the operational phase of the mine’s life, monitoring would be required at 
decommissioning and post-closure specifically for surface water quality (including pit water) 
and groundwater quality at closure. Aquatic ecosystems should also be monitored annually 
(i.e. once during the wet season and once during the dry season) after closure. This 
monitoring should take place for a period of five years. 

The following costs have been included for post mine closure monitoring: 
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■ A monitoring cost of $ 266 180.00 has been allocated for surface and groundwater 
monitoring. This cost includes analysing pit water quality, groundwater quality, 
drainage system and surface water quality including aquatic assessments; and 

■ A monitoring cost of $ 202 547.00 has been allocated for monitoring (erosion status, 
vegetation establishment and sustainability) rehabilitated areas.  

Therefore, the total post closure monitoring cost for NGLM is estimated to be $ 468 727.00.   

12.10 Surface water hydrology and groundwater 

Several models and scenarios for the post-closure groundwater and surface water effects of 
the mine were developed by Digby Wells (see Digby Wells’ NGLM - Integrated Water 
Management Report, 2013). These models indicate limited risk of impacts by metal species 
other than arsenic. Natural arsenic (As) levels are currently above the WHO Standards for 
drinking water, which is 0.01 mg/l. The highest levels where measured downstream of Kinjor 
Village in the Marvoe Creek (0.038 mg/l).  

The models currently predict that the WRD and TSF structures have the potential to 
generate quantities of As and NLGM needs to ensure that levels of As are managed 
appropriately, and discharged post closure do not exceed current baseline levels. The 
existing proposals to selectively segregate potential polluting waste rock materials within the 
WRD, and to cover the TSF with saprolite and a soil cover, should assist in reducing the 
potential for these structures to generate elevated As in the future and post-closure. A 
monitoring plan is in place to identify As levels from the WRD. 

12.11 Financial provision 

The environmental liability costs were calculated using the Digby Wells standard 
methodology of calculating financial provisions. Costs have been calculated assuming that 
progressive rehabilitation will occur during the mine operation. This is particularly the case 
for the Larjor pit rehabilitation, and for the WRD rehabilitation, for both of which it has been 
assumed that 50% will be rehabilitated during the 8 years’ operational life of mine. 

South African decommissioning and earthwork rates were used. Current market related 
rates for demolition and rehabilitation were obtained through discussions with various 
technical experts and contractors. Rate formulation takes into consideration the total labour 
costs, plant costs, fuel costs and site establishment, thus, providing a more accurate and 
defendable rate. An additional mark-up of 30% was added to the South African based rates 
to account for the location of these sites within Liberia. Refer to Appendix J for the Closure 
Plan. 

12.11.1 Assumptions 

The following assumptions were used for the closure cost calculations: 

■ All permanent and immovable assets shall become the property of the government 
as per the MDA, hence there will be no need to demolish and rehabilitate these 
areas; 
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■ The TSF, WRD, and Pit are the major infrastructures that need to be rehabilitated) at 
closure; 

■ A detailed geotechnical assessment has been completed for the pit walls to 
determine the required sloping of pit edges (Latiff, Kinjor and Marvoe). It is expected 
that the walls will hold up since presplit blasting will be completed on the final pit 
faces. Therefore, no additional shaping of pit edges was costed for, apart from the 
construction of 3m high berms around the Pit in areas where the pit is not surrounded 
by rock dump (Latiff, Kinjor and Marvoe);  

■ It has been assumed that at closure all of the Larjor pit will have been refilled and re-
profiled with rock and that 50% of the rehabilitation (topsoil replacement) will be 
completed during the life of mine, as part of the progressive rehabilitation 
programme. Therefore, costs for the rehabilitation of the Larjor Pit reflect 50% of the 
estimated cost of rehabilitation; 

■ A closure cost of $ 100 000 was estimated for removing pipes and pumps at the Pit 
and a cost of $ 200 000 was estimated for reticulation infrastructure at the Pit; 

■ The WRD (slope) will be maintained at 18o during the LoM hence, there will be no 
need to cost for shaping the side of the WRD at closure. The costs that will be 
associated with the WRD (exclude the operational costs during the LoM) will be to 
reshape the crest (2%), to cover the WRD with topsoil and to monitor groundwater 
and surface water; 

■ It is estimated that approximately 1.25M m3 of topsoil and 12.5M m3 of saprolite to be 
sourced from the pit, waste rock dump, return water dam, plant area, TSF and haul 
roads (covering an area of 418 Ha) during the LoM. This will result in a topsoil and 
saprolite stockpile footprint of approximately 41.87ha (assuming the topsoil stockpile 
is 3m high) and 62.69ha (assuming the saprolite stockpile is 20m high), respectively;  

■ At closure saprolite and topsoil will be used for rehabilitation and the topsoil footprints 
will be graded and ripped to improve aeration and allow for vegetation re-
establishment; 

■ Due to the significant rainfall in the area, it has been assumed that vegetation would 
establish naturally and hence no allowance for re-vegetation has been made. 
However, research trail will be conducted during the LoM; 

■ The actual placing of saprolite and topsoil cover to start after deposition on tailings 
has ceased and the feasibility of placing the cover on the TSF should take advantage 
of the dry season in the project area. This should be based on the outcome of the 
research trails, during the LoM at the TSF; 

■ Ten groundwater monitoring points were assumed adequate to monitoring 
groundwater quarterly (i.e. 4 times a year) for 5 years after the mine has closed; 

■ An estimated cost ($ 58 514.00) has been allocated for cyanide decontamination at 
the processing plant. The figure for cyanide decontamination is based on quotes 
received from various cyanide decontamination experts in South Africa and an 
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additional mark-up of 30% was added to the South African based quotations to 
account for the remote location of these sites within Liberia; 

■ Calculations do not account for any value recovered from the sale of plant or other 
material; and 

■ A contingency of 15% has been included. The contingency percentage is expected to 
decrease with the annual revision of the closure cost and as the details of the various 
closure requirements become more defined. A 12% allowance has been included for 
project management fees. These fees account for the costs required to manage the 
closure and rehabilitation phase as well as provide personnel to monitor and maintain 
the rehabilitated areas after closure. 

The estimated total cost for the closure of the New Liberty operation is $ 7 843 838.65. Table 
12-1 provides a summary of the cost; refer to Appendix J for the detailed cost breakdown, 
contained within the Closure Plan. 

Table 12-1: Summary of Cost 

Summary - New Liberty Mine 

    

Pit Total 

Latiff, Kinjor and Marvoe Pit -construct 3m high berm   $     45 559.41  

Larjor Pit (50% of rehabilitation costs of Larjor Pit)  $   115 721.44  
Removal of Pit infrastructure (Pipes, pumps etc)  $   100 000.00  
Construction of outflow Pit structures  $   200 000.00  

   $   461 280.85  

WRD & Stockpiles Total 

WRD (50% of total rehabilitation costs of WRD)  $1 373 625.00  
Reshaping of crest (2% slope) of WRDs  $   323 070.54  

Re-routing the drainage channels on the side slope of the WRD to flow to the open 
pit  $   100 000.00  

Stockpiles (Topsoil)- Grade and rip (footprint)  $   231 249.92  

Stockpiles (Saprolite)- Grade and rip (footprint)  $   346 874.87  

   $2 374 820.33  

Tailings Dam Total  

TSF  $2 925 000.00  

   $2 925 000.00  

Total   $ 5 761 101.18  
    

Monitoring Costs   $    468 726.15  
    

Cyanide Decontamination  $      58 514.00  
    

Project Management (12%)  $    691 332.14  
    

Contingency (15%)  $    864 165.18  
    

GRAND TOTAL  $ 7 843 838.65  
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12.12 Knowledge Gaps 

At this stage of mine planning, the production of a mine rehabilitation and closure plan is 
appropriate whilst recognising that a number of issues have not yet been finalized to the 
extent that fully detailed closure actions can be described, or that fully accurate costings can 
be applied to them. While the location and basic design of most of the key operation 
components has now been finalized (TSF, WRDs), there is significant opportunity to 
optimize these designs either by modelling (for instance, in assessing the effects of various 
cover thicknesses on the potential pollution plumes emanating from the TSF) or by practical 
testing in the field (for instance, on the use of thinner layers of topsoil for the rehabilitation of 
the WRDs). Detailed risk assessment during the LoM will assist in ensuring optimal 
allocation of closure finance to the key issues, and in minimising post closure risk.  

12.13 Recommendations 

It is recommended that the following actions be taken prior to the update of the annual 
closure plan: 

■ As the knowledge base develops, a more detailed closure risk assessment should be 
built up (in the annual reviews) with input from representatives of the design team, 
operational personnel and environmental specialists. This will enable the 
development of solutions to key issues that are both acceptable to the technical 
specialists concerned while at the same time being practically implementable; 

■ Continue with detailed modelling of the impact from various TSF cover configurations 
on the rate of generation of pollution plumes, together with modelling of the long-term 
impact of those plumes on downstream water users and modelling a feasible way to 
place the saprolite and topsoil covers on the TSF, post-closure 

■ Research trial work during the operational phase to determine other rehabilitation 
options that could be considered for the closure and rehabilitation of the TSF; 

■ Additional research (by field testing) to identify the potential for use of topsoil covers 
of less than 300mm for sustainable rehabilitation. Although conventional wisdom is 
that 300mm is the minimum, it is possible that a lesser quantum may be satisfactory 
for the plant species naturally occurring under the relatively high rainfall climate of 
NLGM; 

■ Refine the cost model by verifying the various cost rates for the Liberian 
environment; and 

■ Continue the process of interaction and communication with local stakeholders 
(implementation of the RAP and CDP), so that their requirements can be taken into 
consideration in the closure planning.  
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13 CONCLUSIONS 

The operation of NLGM will be the first formal commercial gold mine to be developed in 
Liberia and has the potential to benefit the development of both the local and national 
economy. The proposed project will contribute directly as well as indirectly to the Liberian 
economy through fiscal contributions, employment opportunities, development of skills and 
creation of significant support services.  

The development of the NLGM will also provide a financial injection of money from 
corporation taxes and royalties. It is estimated that US$102 million will be paid to the local 
government, based on a royalty rate of 3% of net revenue and a corporate tax rate of 30%. 

The NLGM Project is being undertaken with due consideration of the biophysical, health, 
social and economic factors, as well as the relevant legislative requirements. The NLGM 
Project will have a range of positive and negative impacts on the biophysical and socio-
economic environments. 

Some of the positive impacts that have been identified as having the most potential to 
benefit the social conditions are direct local employment, local procurement, training and the 
development of local infrastructure. These impacts will start at the construction phase of the 
project but are likely to be more significant during the operational phase. Skills development 
for local employees is similarly a significant social impact during the operational phase of the 
mine. With careful management and implementation of the RAP these impacts will continue 
after the mine has closed. 

The largest impact of concern is related to the already above WHO standard, baseline, 
surface water quality (elevated levels of As) and the impacts that the NLGM will have, which 
may impact on water resources if not managed correctly. The potential discharge of elevated 
As into the Marvoe Creek will need to managed appropriately.  Current baseline levels of As 
(0.02 mg/l average during the rainfall months and 0.038 mg/l during the dry season) are 
currently above the WHO standards for drinking water. As the mine becomes operational the 
focus should be on ensuring that any discharge will not be above IFC discharge Guidelines, 
thus limiting impacting on downstream users.  

The largest social impact is the relocation of communities from Kinjor and Larjor villages and 
the potential economic displacement that is associated with this. In general there are several 
positive social impacts, such as the creation of jobs, skills transfer, training, new housing, 
overall improvement of the quality of life and improved access to services which are detailed 
below. 

A major positive social impact will be the expected opportunities that will be available for 
unskilled and semi-skilled employment of the local population during the construction and 
operational phases of the project. 

In addition to this, the increase in traffic volumes will likely result in an upsurge of clients for 
some roadside businesses and community services. The growth in customer base will stem 
from the increase in the number of people travelling on the Daniels Town public road, as well 
as those migrating to the area to take advantage of the perceived economic opportunities 
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offered by increasing activity along this road. As markets along the road become more active 
the Daniels Town public road’s reputation as a growing economic corridor will spread, 
resulting in additional in-migration and an even larger customer base. This scenario is 
evidenced by the expansion of Daniels Town market after the public road was re-graded. 

An influx of population into the project area will increase the demand for goods and services. 
Increases in income-earning opportunities will also increase spending potential, providing 
opportunities for supply of such services, indirectly increasing the overall wealth of the area. 

The project may provide opportunities for continued improvements in basic infrastructure 
and community development, especially in the support or provision of education, health care 
and basic services, and in providing opportunities for skills development. Such development 
will need to take into consideration the project’s impact on access to services from all 
villages, planning development to benefit the entire community with the traditional area of 
jurisdiction. As a part of this, Kinjor and Larjor villages will receive improved housing, 
business and other community facilities as described in the NLGM RAP. 

Evaluating the impacts to the biophysical and social environments, without mitigation 
measures, results in the potential for some impacts to occur, however when mitigation 
measures are implemented, as contained in the EMP of this report, these impacts can be 
reduced significantly, as demonstrated in Section 8, which contains the impact assessment 
section of this report. 

The same can be said regarding the positive impacts of the project. There are several 
project impacts that the project will have; these include the development and growth that will 
be experienced for local Liberian suppliers, such as the development of small business that 
would be formed as a result of the mine. The development of skills through the development 
of training programmes associated with the mining operations and direct and indirect job 
creation. 

Indirect benefits will include the upgrading and creation of support infrastructure in the area, 
transfer of skills from individuals that have been trained to aid in the development of small to 
medium businesses and providing goods and services to the mine as well as potential 
educational programmes that will be developed. 

The No-Go option would result in the continuation of the current land use and the impacts 
associated with this land use would cause further degradation due to community activities as 
mentioned above. The continuation of subsistence agriculture would not provide for the short 
term and long term economic growth that the NLGM could offer, thus the no-go option would 
result in a lack of the following: 

■ Employment opportunities for local communities; 

■ Training and development of skills; 

■ Increased access to services; 

■ Improved livelihood for community; and 

■ Financial benefits for the Liberian Government at the local, regional and national 
levels. 
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With the appropriate management of both the positive and negative impacts by Aureus, the 
project will result in a development that will be beneficial for both the regional and national 
economy of Liberia. The impacts need to be managed in a responsible manner, by 
implementing the EMP, and by continually monitoring the project impacts, and by adapting 
management measures where required.  By adopting the appropriate mitigation measures 
the negative impacts are reduced to acceptable levels and the benefit from the positive 
impacts are enhanced.  

14 RECOMMENDATIONS 

Based on the potential impacts the following mitigation measures are proposed 
/recommendations are made. The mitigation measures/recommendations presented below 
are only the main ones provided to address the impacts that are of concern: 

■ Effluent discharge: 

� Water discharged from the site into a public stream/creek should adhere to IFC 
mining guidelines and comply with the baseline quality for discharge at the 
agreed compliance points; and 

� Water discharged from the operations must not affect the water quality fitness for 
use by downstream users. 

■ Cyanide levels in the TSF to be kept within line with ICMM and International Cyanide 
Code standards. 

■ All drinking water on site and downstream should be monitored and adhere to 

� WHO Drinking water guidelines; and 

� Liberian Class 2 and 3 guidelines 

■ Treatment of tailings streams to reduce the levels of As entering the TSF from the 
plant should occur where necessary to 2 mg/l of soluble arsenic entering the TSF. If 
discharge to the TSF occurs at an As concentration of 2 mg/l the effect of the overall 
water balance is such that the As will be diluted down to concentrations well below 
the natural levels in the Marvoe Creek below the mine. As levels must be measured 
at the discharge compliance point to ensure that the levels are below the IFC 
discharge guidelines;  

■ Discharge of water from the holding dam into the Marvoe Creek during the dry 
season should be kept close to the natural flow rates; by controlled discharges if 
downstream users are negatively affected; 

■ Control contamination of the groundwater from the TSF by ensuring that 
contamination will not spread from the TSF area such that it influences surrounding 
water users;  

■ Mitigation measures for PM10 that can be implemented include maintenance of haul 
roads, deployment of dust suppression techniques, enclosure of crushers, reduction 
of drop heights for material and reducing the speed of transporting equipment; 
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■ To mitigate against the expected impacts associated with the generation of NOx from 
the power generation plant regular generator maintenance, and tuning of the 
combustion equipment, reduce engine idling/start-up times and reduce residence 
time for power generation plant will be needed; 

■ Development of an agricultural program to reduce the impacts of the local community 
on natural resources. The programme should focus on reducing slash and burn 
agriculture, keeping domestic animals to reduce reliance on bush meat and the 
possible establishment of woodlots; 

■ A biodiversity offset strategy should be to implemented for the NLGM project to 
compensative for loss of biodiversity, potentially resulting in an overall positive impact 
for NLGM; 

■ Assist the government in managing the safety risks along the Daniels Town public 
road; 

■ Resettle Larjor and Kinjor according to the agreed RAP; and 

■ Implement the agreed CDP. 
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Plan 2: Local Setting 
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Plan 3: Infrastructure Plan 
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Plan 4: Land Use for NLGM 
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Plan 5: Vegetation Types for the NLGM 
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Plan 6: Sensitivity Assessment 
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Plan 7: Surface and Groundwater Sampling Locations 
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Plan 8: Surface Water Monitoring Points 
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Plan 9: Groundwater Monitoring Points 
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Plan 10: Dust Monitoring Points 
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Appendix B: Air Quality Impact Assessment 
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Appendix C: Greenhouse Gas Emissions 

Assessment 
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Appendix D: Soil Assessment 
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Appendix E: Integrated Water Management 

Report 
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Appendix F: Noise Assessment 
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Appendix G: Terrestrial Ecology Assessment 
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Appendix H: Aquatic Water Quality 

Assessment 
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Appendix I: Road Social Impact Assessment 



ESIA Update for the New Liberty Gold Mine, Liberia  

AUR2025 

 

 

Appendix J: Closure Plan 

 




