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Executive Summary 

Overview 

Black Mountain Mining (Pty) Ltd. (BMM), a subsidiary of Vedanta Zinc International (VZI), operates the Black 

Mountain Complex cluster consisting of the underground Black Mountain Mine operations, Deeps and 

Swartberg, and the opencast Gamsberg Zinc Mine. The Black Mountain Mine complex mines zinc, lead, silver 

and copper and hoists 1.7 million tonnes (mt) of ore a year with a current production capacity of 90 000 tonnes 

per annum (tpa) metal-in-concentrate. The Gamsberg Zinc Mine came into operation in June 2016 and mines 

approximately 4 million tonnes per annum (mta) and produces 250-300 tpa of zinc concentrate per annum. 

Gamsberg Zinc Mine is located over three properties, which are owned by BMM. The mine is situated in the 

Namakwa District, Northern Cape and is approximately 120 km east of Springbok and approximately 270 km 

from Upington, between the towns of Aggeneys and Pofadder. 

A number of existing environmental related authorisations are in place for the Gamsberg Zinc Mine. 

Furthermore, a permitting process was recently completed for the proposed Gamsberg Smelter. The mine 

currently requires further environmental related applications to authorise additional activities that are required 

for ongoing operations and were not included in the previous authorisations.  

These proposed activities require regulatory approval prior to commencement. BMM has therefore requested 

that Golder Associates Africa (Pty) Ltd (Golder), a member of WSP Group Africa (Pty) Ltd (WSP), to undertake 

the required regulatory approval process. As part of this process, an Atmospheric Emission Licence (AEL) 

Amendment, with appended Air Quality Impact Assessment (AQIA), in the prescribed Atmospheric Impact 

Report (AIR) format, for the proposed activity changes, are required. This report therefore presents the AIR 

undertaken in support of the process.  

Method 

The approach to the AIR included the following key activities: 

 Compilation of a baseline assessment which included a geographic overview and a review of available 

meteorological and ambient data. 

 Development of an emissions inventory for the identified key pollutants from the proposed Gamsberg Mine  

additional infrastructure and activities.  

 Dispersion simulations were undertaken with the Level 2 atmospheric dispersion model, AERMOD, to 

calculate predicted ambient air concentrations at specified sensitive receptors as a result of the proposed 

additional infrastructure and activities. 

 The predicted short-term and long-term average concentrations were then compared with the relevant 

National Ambient Air Quality Standards (NAAQS) and National Dust Control Regulations (NDCR). 

 Recommended practical mitigation measures were proposed to reduce the impacts to within acceptable 

levels where required.  

Previous Assessment and Current Results 

Modelling simulations to determine particulate matter of aerodynamic diameter 10 and 2.5 microns (PM10 and 

PM2.5), nitrogen dioxide (NO2), sulphur dioxide (SO2), zinc (Zn), lead (Pb) concentrations and dust fallout from 

the Gamsberg Mine project activities was undertaken in 2020 by Airshed for the proposed Gamsberg Smelter 

project. Two scenarios were simulated, namely baseline mining operations and cumulative baseline and 
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proposed project operations, in order to understand the incremental increase in impacts due to the proposed 

Gamsberg Smelter project. The following was deduced from the results: 

 The incremental increase in PM2.5, PM10 concentrations and total dust deposition from baseline to proposed 

project operations was negligible;  

 Cumulative PM2.5 and PM10 concentrations were in compliance with the NAAQS at all sensitive receptors 

within the study area for all averaging periods; 

 Cumulative dust fallout levels were within the dust control guidelines for residential areas at all sensitive 

receptors within the study area; 

 Simulated Pb, NO2 and SO2 concentrations due to project activities, were within the NAAQS at all sensitive 

receptors within the study area for all averaging periods; 

 The highest Zn concentrations were below the most stringent health effect screening levels; 

 The highest concentrations for dioxins due to the project was 1.2 E-09 μg/m³ which was considered to be 
“very low”; and 

 No recent background concentrations were available for Pb, NO2, SO2 and dioxins. As such cumulative 

impacts for these pollutants could not be determined. However, given the type of existing sources within 

the project study it is likely that the cumulative impacts will be insignificant/minimal. 

Given the proposed Gamsberg Mine additional infrastructure and activities project (i.e the implementation of the 

ore stockpile, crusher for the 2nd phase of the concentrator plant and expansion of the fuel storage on site), dust 

fallout, PM10, PM2.5 and volatile organic compounds (VOCs) will be emitted into the atmosphere. As such, only 

the dust fallout, PM10, PM2.5 and VOCs were modelled in this current assessment as the previous results, as per 

the Gamsberg Smelter AQIA i(Airshed, 2020), will still apply for all other pollutants associated with the 

Gamsberg Mine operations.  

The following were noted from the proposed Gamsberg Mine additional infrastructure and activities: 

 Dust fallout levels: 

▪ The highest predicted offsite dust fallout rate was well below the Residential Dust Control Regulations 

of 600 mg/m2/day.  

▪ Predicted dust fallout rates were well below the Residential Dust Control Regulations at all sensitive 

receptors. 

▪ The background dust fallout rates from the Gamsberg Smelter AQIA undertaken in 2020 by Airshed 

(i.e. mining operations inclusive of the smelter operations) indicated dust fallout rates that were below 

the Residential Dust Control Regulations of 600 mg/m2/day beyond the Gamsberg boundary. As such, 

with the minimal increase of the additional infrastructure and activities, cumulative impacts are also 

expected to be below the Residential Dust Control Regulations at all receptors. 

 Particulate matter concentrations: 

▪ The highest predicted offsite 99th percentile (P99) 24-hour average and annual average PM10 and PM2.5 

concentrations were below their PM10 and PM2.5 NAAQS. 

▪ Predicted PM10 and PM2.5 concentrations were also below their NAAQS for PM10 and PM2.5 at all 

sensitive receptors for all assessment periods. 
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▪ The background PM10 and PM2.5 concentrations from the Gamsberg Smelter AQIA undertaken in 2020 

by Airshed (i.e. mining operations inclusive of the smelter operations) indicated PM10 and PM2.5 

concentrations that were below their relevant NAAQS beyond the Gamsberg Mine boundary. As such, 

with the low increase of the additional infrastructure and activities, cumulative impacts are also 

expected to be below the NAAQS. 

 VOC concentrations: 

▪ The highest predicted offsite annual average VOC concentrations for both the existing and proposed 

scenarios were well below the annual average benzene (C6H6) NAAQS of 5 µg/m3 (C6H6 standard was 

used in the absence of a VOC specific standard). 

▪ Predicted annual average VOC concentrations for both scenarios were also below the annual average 

C6H6 NAAQS at all surrounding sensitive receptors. 

▪ VOC cumulative impacts will therefore be insignificant/minimal. 

Impacts 

Impacts from the proposed Gamsberg Mine additional infrastructure and activities are expected to be low. 

Recommendation 

Given the low impacts predicted at the sensitive receptors during the operational phase of the project, Golder’s 
professional opinion is that this project can be authorised, with the recommended mitigation measures being 

considered and maintained throughout the project lifecycle. 
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1.0 INTRODUCTION 

Black Mountain Mining (Pty) Ltd. (BMM), a subsidiary of Vedanta Zinc International (VZI), operates the Black 

Mountain Complex cluster consisting of the underground Black Mountain Mine operations, Deeps and 

Swartberg, and the opencast Gamsberg Zinc Mine. The Black Mountain Mine complex mines zinc, lead, silver 

and copper and hoists 1.7 million tonnes (mt) of ore a year with a current production capacity of 90 000 tonnes 

per annum (tpa) metal-in-concentrate. The Gamsberg Zinc Mine came into operation in June 2016 and mines 

approximately 4 million tonnes per annum (mta) and produces 250-300 tpa of zinc concentrate per annum. 

Gamsberg Zinc Mine is located over three properties, which are owned by BMM. The mine is situated in the 

Namakwa District, Northern Cape and is approximately 120 km east of Springbok and approximately 270 km 

from Upington, between the towns of Aggeneys and Pofadder. 

A number of existing environmental related authorisations are in place for the Gamsberg Zinc Mine. 

Furthermore, a permitting process was recently completed for the Gamsberg Smelter. The mine currently 

requires further environmental related applications to authorise additional infrastructure and activities that are 

required for ongoing operations and were not included in the previous authorisations.  

These proposed activities require regulatory approval prior to commencement. BMM has therefore requested 

that Golder Associates Africa (Pty) Ltd (Golder), a member of WSP Group Africa (Pty) Ltd (WSP), to undertake 

the required regulatory approval process. As part of this process, an Atmospheric Emission Licence (AEL) 

Amendment, with appended Air Quality Impact Assessment (AQIA), in the prescribed Atmospheric Impact 

Report (AIR) format, for the proposed activity changes, are required. This report therefore presents the AIR 

undertaken in support of the process.  

2.0 ENTERPRISE DETAILS 

2.1 Enterprise and contact details 

Details of the BMM operations are provided in Table 1. 

Table 1: Enterprise and contact details 

Enterprise Name Black Mining Mountain (Pty) Ltd 

Trading As Black Mining Mountain (Pty) Ltd 

Name of Operation Gamsberg Zinc Mine 

Enterprise Registration Number (Registration 

Numbers if Joint Venture) 
2005/040096/07 

Registered Address 1 Penge Road, Aggeneys, 8893 

Postal Address Private Bag X01, Aggeneys, 8893 

Telephone Number (General) 054 983 9256 

Fax Number (General) 054 983 9353 

Industry Sector Zinc Mining Industry 

Name of Responsible Officer Mr Pieter Venter 

Name of Emission Control Officer Mr Pieter Venter 

Telephone Number 054 983 9256 

Cell Phone Number 082 851 3091 

Fax Number 054 983 9353 
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Enterprise Name Black Mining Mountain (Pty) Ltd 

Email Address pdventer@blackmountain.co.za 

After Hours Contact Details 082 851 3091 

Land Use Zoning as per Town Planning Scheme Mining 

Land Use Rights if outside Town Planning 

Scheme 
The site currently operates an opencast mine 

 

2.2 Location and extent of plant 

The location and extent of the site is described in Table 2 and illustrated in Figure 1.  

Table 2: Location and extent of plant 

Enterprise Name Black Mining Mountain (Pty) Ltd 

Physical Address of the Premises Not Applicable 

Description of Site (Erf) The Gamsberg Zinc Mine and associated infrastructure are 

located approximately 15 km east of Aggeneys, south of 

the N14 National Road. The Mining Right Area (MRA) is 

located across four properties, which are owned by BMM, 

namely; Bloemhoek 61, Portion 1, Gams 60, Portion 1, 

Aroams 57, RE and Gams 60, Portion 4.  

Coordinates of Approximate Centre of 

Operations 

Latitude: (North-south): S29°14’55 

Longitude (East-west): E18°50’41 

Extent (km²) 154 

Elevation Above Mean Sea Level (m) The elevation of the proposed Gamsberg Zinc Mine site 
varies and can reach approximately 1 150 m above mean 
sea level (i.e., approximately 220 m above the surrounding 
landscape) 

Province Northern Cape 

Metropolitan/District Municipality Namakwa District Municipality 

Local Municipality Khai Ma Local Municipality 

Designated Priority Area Not Applicable 
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Figure 1: Locality map of the Gamsberg Zinc Mine 
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2.3 Description of surrounding land use 

Gamsberg is located south of the N14 between Springbok (~ 114 km west) and Pofadder (~ 65 km east) in the 

Namakwa District Municipality and the Khai-Ma Local Municipality. The area surrounding Gamsberg Mine is 

mostly privately owned and used for extensive, low-intensity small stock farming.  

Sensitive receptors are defined by the United Stated Environmental Protection Agency (USEPA) as areas where 

occupants are more susceptible to the adverse effects of exposure to pollutants. These areas include but are 

not limited to residential areas, hospitals/clinics, schools and day care facilities and elderly housing.  

The following sensitive receptors for the Gamsberg Mine operations were identified within a 10km radius and 

are presented in Table 3 and Figure 2.  

Table 3: Sensitive receptors for the Gamsberg Mine operations 

No. Sensitive Receptor 

Name 

Coordinates Distance from 

Site Boundary 

(km) 

Direction from 

Site 

Longitude Latitude 

1 Residential Area 1 18.847 -29.239 4.27 West 

2 Residential Area 2 18.880 -29.249 1.14 West 

3 Residential Area 3 18.888 -29.247 0.40 West  

4 Residential Area 4 18.907 -29.221 0.27 North-west 

5 Residential Area 5 18.900 -29.238 0.90 West 

6 Residential Area 6 18.894 -29.238 1.47 West 

7 Residential Area 7 18.891 -29.238 1.79 West 

8 Residential Area 8 18.911 -29.200 0.19 North-north-

west 

9 Residential Area 9 18.843 -29.253 4.53 West 

10 Residential Area 10 18.834 -29.272 6.45 West-south-

west 

11 Residential Area 11 19.060 -29.288 4.69 South-east 

12 Residential Area 12 19.067 -29.265 4.37 East-south-east 

13 Residential Area 13 19.021 -29.231 0.38 East 

14 Residential Area 14 19.025 -29.214 2.46 East-north-east 

15 Residential Area 15 18.845 -29.207 6.59 North-west 

 

2.4 Atmospheric emission licence  

BMM is currently undertaking an AEL application process associated with the proposed Gamsberg smelter 

project. The AEL will authorise a number of listed activities which may result in atmospheric emissions, as per 

Section 21 of the National Environmental Management: Air Quality Act 39 of 2004 (NEM:AQA), GNR. 893 of 22 

November 2013. Activities for the existing Gamsberg Mine operations are classified, as a listed activity in terms 

of Subcategory 4.14 Production and Processing of Zinc, Nickel and Cadmium, Subcategory 4.16 Smelting and 

Converting of Sulphide Ores and Subcategory 7.4 Production, Use in Production or Recovery of Antimony, 

Arsenic, Beryllium, Cadmium, Chromium, Cobalt, Lead, Mercury, and or Selenium, by the Application of Heat.  
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Given the proposed future changes to the process description and additional fuel storage on site (the current 

project), an AEL amendment will be required. The proposed changes will trigger an additional Subcategory 2.4 

Storage and Handling of Petroleum Products. This AIR has therefore been compiled in accordance with the 

prescribed AIR format in terms of Regulation 747, dated 11 October 2013 as amended, in support of the AEL 

application. 
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Figure 2: Sensitive receptors for the proposed Gamsberg Mine Additional Infrastructure and Activities Project 
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3.0 NATURE OF PROCESS 

3.1 Listed activities 

Listed activities and associated minimum emission standards (MES) were published in Government Notice 248 

of 2010, Government Gazette 33064 in-line with Section 21 of the NEM:AQA. An amended list of activities was 

published in Government Notice 893 of 2013, Government Gazette 37054, Government Notice 551 of 2015, 

Government Gazette 38863 and further in Government Notice 1207 of 2018, Government Gazette 42013. 

Activities for the existing Gamsberg Mine operations are classified, as a listed activity in terms of Subcategory 

4.14 Production and Processing of Zinc, Nickel and Cadmium, Subcategory 4.16 Smelting and Converting of 

Sulphide Ores and Subcategory 7.4 Production, Use in Production or Recovery of Antimony, Arsenic, Beryllium, 

Cadmium, Chromium, Cobalt, Lead, Mercury, and or Selenium, by the Application of Heat.  

Given the proposed future changes to the process description and additional fuel storage on site, an AEL 

amendment will be required. The proposed changes will trigger an additional Subcategory 2.4 Storage and 

Handling of Petroleum Products. The listed activities are detailed in Table 4. 

Table 4: Listed activities applicable to the Gamsberg operations 

Category of Listed Activity Sub-category of Listed 

Activity 

Description of the Listed Activity 

Existing Activities 

Category 4 Subcategory 4.14 The extraction, processing and 

production of zinc, nickel or cadmium 

by the application of heat excluding 

metal recovery 

Subcategory 4.16 Processes in which sulphide ores are 

smelted, roasted calcined or 

converted (excluding inorganic 

chemicals-related activities regulated 

under Category 7) 

Category 7 Subcategory 7.4 Production, use or recovery of 

antimony, arsenic, beryllium, 

cadmium, chromium, cobalt, lead, 

mercury, selenium, thallium and their 

salts not covered elsewhere, 

excluding their use as catalyst 

Proposed Activities  

Category 2 Subcategory 2.4 All permanent immobile liquid storage 

facilities at a single site with a 

combined storage capacity of greater 

than 1 000 m3 

 

3.2 Process description  

3.2.1 Current operations  

BMM plans to mine a total of 150 000 000 tons of ore from the Gamsberg Zinc Mine over a 19-year Life of Mine 

(LoM). Of this expected LoM tonnage, approximately 18 000 000 tons of zinc concentrate will be extracted. 
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Based on the relatively low grade of the zinc deposit, the treatment process will generate approximately 132 

000 000 tons of tailings and approximately 1.5 billion tons of waste rock over the LoM. 

The Gamsberg zinc deposit is a tabular relatively thin mineralised lens dipping to the southeast. The South Pit 

was developed to initially extract the ore reserve found closest to surface. Following this, a process of 

sequentially excavating push backs were undertaken to gain depth and access to deeper reserves. The final 

open pit is expected to cover an area of 600 ha, with a final depth of 650 m, and a width and length of 2 220 m 

and 2 700 m respectively. 

Loading and hauling of ore and overburden is performed in the pit using a fleet of large capacity shovels, loaders, 

excavators, haul trucks and other service equipment. The ore is hauled to the primary crusher and overburden 

to the waste rock dump using large capacity haul trucks (typically between 220 ton (t) and 300 t capacity). The 

primary crusher is located adjacent to the open pit on a flat point of the V-cut access road along the northern 

slope of the inselberg. The crushed ore is transported from the primary crusher and the Run of Mine (ROM) 

stockpile to the processing plant via a conveyor system. 

An estimated 1.5 billion tons of waste rock will be generated during the LoM. The haul trucks transport the waste 

material to the edge of the inselberg where it is tipped over the edge to form a waste rock dump expected to 

cover 490 hectares. 

The processing plant is currently located between the N14 national road and the Gamsberg inselberg and 

consists of the following components: 

 Milling circuit; 

 ROM stockpiles; 

 Flotation circuit; 

 Dewatering, filtration and zinc concentrate handling circuits; 

 Tailings circuit; 

 Material lay down and storage areas; 

 Equipment wash areas; and 

 Bulk fuel storage facilities. 

The treatment of ROM ore at a current rate of 4.5 Mt per annum with plans to increase to the planned 10 Mt per 

annum at the processing plant yields about 9 Mt per annum of tailings material which is disposed at a tailings 

storage facility (TSF) located north of the N14 national road. The tailings are sent to a thickener to reduce the 

water content before being pumped to the TSF. The percolated water from the TSF is collected and returned to 

the return water dam where it is pumped and reused in the concentrating process. 

3.2.2 Future infrastructure requirements  

A number of existing environmental related authorisations are in place for the Gamsberg Zinc Mine. 

Furthermore, a permitting process was recently completed for the Gamsberg Smelter.  

The mine currently requires further environmental related applications to authorise additional activities that are 

required for ongoing operations and were not included in the previous authorisations, and authorise changes 

required in infrastructure due to the conflicting placement of infrastructure due to the phase 1 development. 

These activities require an Environmental Authorisation (EA) as contemplated under Section 24 of the National 

Environmental Management Act, 1998 (Act 107 of 1998) (NEMA) (as amended). 
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3.2.2.1 Proposed infrastructure developments 

New potable water pipeline 

A new above-ground potable water pipeline is proposed to run from the Horseshoe dam to the processing plant. 

This pipeline will be developed in an existing servitude already use for pipelines transporting water from 

Sedibeng Water to the mine. The location where the pipeline is proposed to be developed has already been 

cleared of vegetation as it is within a road reserve. The proposed pipeline will be installed above-ground and 

will have an inside diameter of 400 mm, an outside diameter of 460 mm, a throughput of 460 m3/hour and will 

be approximately 7 km in length. The entire pipeline will belong to Gamsberg Mine. 

Expansion of dangerous goods storage facilities 

To support the ongoing operations at Gamsberg Mine, an increase in storage capacity will be required for the 

following dangerous goods storage facilities: 

 Fuel storage capacity which is proposed to increase from 600 m3
 to 1 200 m3; and 

 Emulsion storage is proposed to be increased from 2 x 85t silos and 2 x 50t silos to 2 x 100t and 2 x 200t 

silos respectively. 

River diversion 

To minimise pollution from the waste rock dump, ROM pad and crushers and conveyer infrastructure associated 

with the phase 1 and 2 plant infrastructure, it is proposed that the ephemeral riverbed that passes between the 

processing plant and the mining operations, be altered. 

The diversion will include the construction of an attenuation weir, diversion berms, two above-ground pipelines 

for conveying any upstream runoff past the impacted area (processing plant and the mining operations) and an 

energy dispersion outlet structure. The altered section will be approximately 1.5 km in length. 

The alteration will be in place for the duration of the operational phase of the mine and will be rehabilitated 

during the decommissioning and closure phase. 

Refined layout for the waste rock dump and quartzite rock dump/berm 

A waste rock dump facility, with a capacity to store 1.5 billion tons of waste rock on an area of 490 ha, is 

approved in the Environmental and Social Impact Assessment Report for the Gamsberg Zinc Mine and 

Associated Infrastructure in the Northern Cape (June 2013). 

In addition to the main waste rock dump facility and in order to mitigate the impacts on biodiversity as a result 

of the basin/crater mining activities, it was recommended that a rock dump / berm, comprising only quartzite 

rock, be designed and constructed to shield the remainder of the basin / crater from mining activities. It is 

detailed in the Environmental Management Programme for the Gamsberg Zinc Mine and Associated 

Infrastructure in the Northern Cape (May 2013), that the berm should be constructed to the same elevation as 

the plateau comprising a non-acid leaching rock core and a quartzite rock outer layer. It is further stated that 

the placement of the barrier must be defined with input from a qualified botanist and the engineering team prior 

to the placement of the rock. 

The Gamsberg Mine engineering team has refined the layout of the current waste rock to optimise the placement 

of waste rock and to avoid current mine infrastructure and to ensure safe operation of the facility. The updated 

waste rock dump layout is based on the storage capacity and footprint as approved in the 2013 Environmental 

Impact Assessment (EIA) and Environmental Management Programme (EMPr). 

The 2013 EMPr does not include a final position and layout of the biodiversity protection rock dump / berm. The 

engineering team, in consultation with the biodiversity specialist has defined the final layout and position. 
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The updated waste rock dump layout and layout and position of the biodiversity rock dump / berm will be 

included in the Basic Assessment Report. 

Crusher and Coarse Ore Stockpile for Plant Phase 2 

The 2013 EIA states that the full production capacity of the mine will be 10 Mtpa ore. This capacity will be 

reached in a modular approach following the mine ramp up plan as described in the report. It is stated that the 

current concentrator plant will be ramped up in three modules to full capacity. It is indicated that the three phases 

of the concentrator plant will each consist of a concentrator stream with supporting utility and supporting 

infrastructure. 

An amended concentrator plant boundary and shortened conveyor route was approved in the Gamsberg Mine 

Environmental Management Programme Amendment (December 2016). The information was presented at a 

high level and did not differentiate between the infrastructure components required for the three plant modules. 

The Gamsberg Mine engineering team has defined the phase 2 plant components in preparation for 

construction. The updated conveyor and phase 2 concentrator plant layout will be included in the Basic 

Assessment Report. 

The layout of the Gamsberg Mine additional infrastructure and activities are illustrated in Figure 3. 
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Figure 3: Proposed infrastructure layout of the Gamsberg Mine additional infrastructure and activities 
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The processes associated with the Gamsberg Mine operations are tabulated below in Table 5. 

Table 5: Unit processes for the Gamsberg operations 

Unit Process Unit Process Function Batch or Continuous Process 

Production and Processing of 

Zinc, Nickel and Cadmium 

Production and processing Continuous 

Smelting and Converting of 

Sulphide Ores 

Smelting Continuous 

Production, Use in Production or 
Recovery of Antimony, Arsenic, 
Beryllium, Cadmium, Chromium, 
Cobalt, Lead, Mercury, and or 
Selenium, by the Application of 
Heat 

Production  Continuous 

Storage and Handling of 

Petroleum Products 

Storage and handling Continuous 

 

4.0 TECHNICAL INFORMATION 

4.1 Raw material used 

Table 6 provides the raw materials used at Gamsberg Mine.  

Table 6: Raw materials used at the Gamsberg Mine operations 

Raw Material Type Maximum Permitted 

Consumption Rate 

(Quantity) 

Units 

(Quantity / period) 

Diesel 264 000 m3/year 

Zinc & lead ore phase 1 4 800 000  T/annum  

Zinc & lead ore phase 1 & 2 10 000 000  T/annum  

Waste stripping 63 000 000 T/annum  

Explosives phase 1 13 957  T/annum  

Explosives phase 1 & 2 31 000 T/annum  

Zinc concentrate  350 000 T/annum  

 

4.2 Appliances and abatement equipment control technology 

No appliances and abatement equipment control technology are installed at Gamsberg Mine. 

5.0 ATMOSPHERIC EMISSIONS 

As a result of the operations at Gamsberg Mine, stationary emissions are likely to arise from the proposed acid 

plant, casting, dross treatment and zinc dust plant stacks associated with the Gamsberg Smelter whilst fugitive 

emissions are likely to arise from the existing storage tanks, material handling, wind erosion, drilling, blasting, 

crushing and paved and unpaved roads.  

As a result of the proposed additional infrastructure and activities, emissions are likely to arise from the proposed 

additional fuel and emulsion storage tanks as well as the operation of thecrusher and ore stockpile. The following 

sections detail these emissions. 
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5.1 Point sources 

The physical parameters of the stacks were obtained from Gamsberg Mine data. The variables used to calculate 

the emissions rates from the stacks are presented in Table 7.  

Table 7: Physical parameters of the stacks at Gamsberg Mine 

Source Name Height of 

Release 

above 

Ground (m) 

Diameter at 

Stack 

Tip/Vent Exit 

(m) 

Actual Gas 

Exit 

Temperature 

(°C) 

Normal 

Volumetric 

Flow (Nm3/s) 

Actual Gas 

Velocity 

(m/s) 

Acid Plant Stack 70 2.5 70 78.1 20 

Casting Stack 30 2 60 18.0 7 

Dross Treatment Stack 20 1 50 3.3 5 

Zn Dust Plant Stack 20 1 50 3.3 5 

 

5.2 Point source maximum emission rates (normal operating 
conditions) 

As per Section 21 of the NEM:AQA, the maximum permitted emission rates for point sources at Gamsberg Mine 

are presented in Table 8. 

Table 8: Point source emission rates under normal operating conditions 

Point 

Source 

Code 

Pollutant 

Name 

Maximum Release Rate Duration of 

Emissions (mg/Nm3) Date to be Achieved 

By 

Average 

Period 

Acid Plant 

Stack 

Particulate matter 

(PM) 

50 New Daily 24 

100 Existing Daily 24 

Sulphur dioxide 

(SO2 (feed SO2 < 

5% SO2)) 

1200 New Daily 24 

3500 Existing Daily 24 

SO2 (feed SO2 > 5% 

SO2) 

1200 New Daily 24 

2500 Existing Daily 24 

Nitrogen oxides 

(NOx expressed as 

nitrogen dioxide 

(NO2)) 

350 New Daily 24 

2000 Existing Daily 24 

Casting 

Stack 

PM 50 New Daily 24 

100 Existing Daily 24 

SO2 500 New Daily 24 

500 Existing Daily 24 

NOx expressed as 

NO2 

500 New Daily 24 

500 Existing Daily 24 

Mercury (Hg) 0.2 New Daily 24 

1.0 Existing Daily 24 
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Point 

Source 

Code 

Pollutant 

Name 

Maximum Release Rate Duration of 

Emissions (mg/Nm3) Date to be Achieved 

By 

Average 

Period 

Dioxins 

(PCDD/PCDF) 

0.1 ng TEQ New Daily 24 

No standard 

proposed 

Existing Daily 24 

 

5.3 Point source maximum emission rates (start-up, shut-down, upset 
and maintenance conditions) 

A start-up duration of 40 hours is expected for the roaster start up stack and a start-up duration of 5-10 minutes, 

twice a year for the acid plant stack.  

5.4 Fugitive emissions (area/line sources) 

Fugitive emissions from Gamsberg Mine have the potential to arise from the following existing sources: 

 Materials handling activities.  

 Wind erosion from stockpiles.  

 Drilling and blasting activities. 

 Crushing activities.  

 Paved and unpaved roads. 

 Storage tanks.  

The existing emissions inventory (i.e., for these sources listed above) can be found in the Gamsberg Smelter 

AQIA undertaken in 2020 by Airshed. 

Given the proposed additional infrastructure at the Gamsberg Mine, the following must be noted: 

 New potable water pipeline: This will have no impact on air quality emissions and thus has been excluded 

in the current assessment. 

 Additional fuel storage on site to increase from 600 m3 to 1 200 m3: An increase in volatile organic 

compounds (VOC) emissions are likely to occur. 

 Emulsion storage is proposed to be increased from 2 x 85t silos and 2 x 50t silos to 2 x 100t and 2 x 200t 

silos respectively: Emissions are considered to be negligible and within a confined enclosed space and 

has thus been excluded from this assessment. 

 River diversion: This will have no impact on air quality emissions and thus has been excluded in this 

assessment. 

 A refined layout for the waste rock dump and quartzite rock dump/berm: This will have no change in the 

air quality emissions and thus has been excluded in this assessment; and 

 Operation of the crusher and coarse ore stockpile for plant phase 2: This will result in an increase in 

particulate matter emissions. 

The emissions calculations for the proposed additional infrastructure and activities at Gamsberg Mine is 

provided in the sections below. 
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5.4.1 Storage tanks 

Emissions from these fuel storage tanks may typically be obtained using actual sampling at the point of 

emission, estimating it from mass and energy balances and/or emission factors which have been established 

at other, similar operations. However, Gamsberg Mine does not have an available set of locally derived emission 

factors for their facility. As such, quantification of all simulated storage tank emissions, were made using the 

USEPA AP-42 emission estimation calculations and TANKS software. TANKS (version 4.09D) is a software 

program that estimates VOCs and hazardous air pollutant (HAP) emissions from storage tanks. TANKS is based 

on the emission estimation procedures from the USEPA's Compilation of Air Pollutant Emission Factors (AP-

42), Chapter 7 (Liquid Storage Tanks). Physical parameters of the storage tanks were obtained from Client 

data. The variables and the emissions rates from the storage tanks are presented in Table 9. 

Table 9: Physical properties and emission rates of the storage tanks  

Parameter Unit Existing operations Proposed Operations 

80 m3 Diesel 

Tanks 

67 m3 Diesel 

Tanks 

80 m3 Diesel 

Tanks 

67 m3 Diesel 

Tanks 

Number of Tanks NA 4 2 4 2 

Tank Type NA Horizontal 

Tank 

Horizontal 

Tank 

Horizontal 

Tank 

Horizontal 

Tank 

Shell Length m 12.26 2.896 12.26 2.896 

Shell Diameter m 2.882 5.43 2.882 5.43 

Working Volume m3 80 67 80 67 

Heated Tank NA No No No No 

Underground NA No No No No 

Shell Colour NA White/Steel 

Grey 

White/Steel 

Grey 

White/Steel 

Grey 

White/Steel 

Grey 

Shell Condition NA Good Good Good Good 

Roof Colour NA - - - - 

Roof Condition NA - - - - 

Turnovers per Year NA 375 90 375 90 

Net Throughput per 

Tank 

m3/yr 30000 6000 30000 6000 

VOC Emission Rate per 

Tank 

g/s 0.0009 0.0004 0.0009 0.0004 

 

The following was assumed and utilized in the model only, as per the modelling regulations: 

 The tank temperatures were modelled at ambient temperature for all storage tanks.  

 The tanks were modelled using parameters that were set with a gas exit velocity of 0.001 m/s and a 

diameter of 0.001 m for all storage tanks. 

 Horizontal tanks were modelled as a single point source. 



May 2022 21466019-351699-2 

 

 
 16 

 

5.4.2 Wind erosion  

Fugitive emissions due to the erosion of open storage piles and exposed areas occur when the threshold wind 

speed is exceeded (Cowherd et al., 1988; EPA, 1995). The threshold wind speed is dependent on the erosion 

potential of the exposed surface, which is expressed in terms of the availability of erodible material per unit area 

(mass/area). Any factor which binds the erodible material or otherwise reduces the availability of erodible 

material on the surface, thus decreases the erosion potential of the surface. Studies have shown that when the 

threshold wind speeds are exceeded, emission rates tend to decay rapidly due to the reduced availability of 

erodible material (Cowherd et al., 1988). 

The default particulate emission factors for wind erosion over open areas are calculated using the below 

equation (NPI, 2012): 𝐸𝑇𝑆𝑃 = 0.4 kg/ℎ𝑎/ℎ𝑜𝑢𝑟 𝐸𝑃𝑀10 = 0.2 kg/ℎ𝑎/ℎ𝑜𝑢𝑟 

PM2.5 emissions were assumed to equal 15% of total suspended particulates (TSP (USEPA, 2006)) in the 

absence of a PM2.5 emission factor. A 50% control efficiency for the use of wet suppression was applied as an 

environmentally conservative approach (NPI, 2012) for the stockpile that will be mitigated. Source parameters 

for areas subject to wind erosion are given in Table 10. Emission rates were applied to the various stockpiles 

and are presented in Table 11. 

Table 10: Source parameters for the stockpiles subject to wind erosion 

Source Height (m) Area (m2) Control efficiency 

(%) 

Ore Stockpile 28.5 8 615 50% 

 

Table 11: Emission rates for wind erosion for the stockpiles 

Source Emission Rate (g/s/m2) 

TSP PM10 PM2.5 

Ore Stockpile 5.56E-06 2.78E-06 4.17E-07 

 

5.4.3 Crushing 

The following default emission factors for crushing (high moisture ore) were used to calculate particulate 

emissions respectively (NPI, 2012): 

Primary crushing: 𝐸𝑇𝑆𝑃 = 0.01 kg/𝑡𝑜𝑛𝑛𝑒 𝐸𝑃𝑀10 = 0.004 kg/𝑡𝑜𝑛𝑛𝑒 

PM2.5 emissions were assumed to equal 30% of TSP (USEPA, 2006 particle size distribution for crushing) in the 

absence of a PM2.5 emission factor. A 50% control efficiency was applied for the use of water sprays (NPI, 2012). 

Importantly, crushing emission factors include emissions from the screens, the crusher, feeder, and conveyor 

belt transfer points that are integral to the crusher (NPI, 2012). Physical parameters and calculated emission 

rates for crushing are given in Table 12 and Table 13, as per Client data.  
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Table 12: Source parameters for crushing 

Source Throughput (tons/hr) 

Primary Crushing 2 420 

 

Table 13: Emission rates for crushing 

Source Emission Rate (g/s) 

TSP PM10 PM2.5 

Primary Crushing 3.36 1.34 0.40 

 

5.4.4 Material Handling 

Materials handling operations predicted to result in fugitive emissions include the transfer of material by means 

of tipping, loading and offloading. The quantity of dust which will be generated from such loading and off-loading 

operations will depend on various climatic parameters, such as wind speed and precipitation, in addition to non-

climatic parameters such as the nature (moisture content) and volume of the material handled. Fine particulates 

are more readily disaggregated and released to the atmosphere during the material transfer process as a result 

of exposure to strong winds. Increase in the moisture content of the material being transferred would decrease 

the potential for dust emissions since moisture promotes the aggregation and cementation of fines to the 

surfaces of larger particles (USEPA, 2006). 

The following default emission factors were used to calculate particulate emissions respectively (NPI, 2012): 𝐸𝑇𝑆𝑃 = 0.005 kg/𝑡𝑜𝑛𝑛𝑒 𝐸𝑃𝑀10 = 0.002 kg/𝑡𝑜𝑛𝑛𝑒 

PM2.5 emissions were assumed to equal 5.3% of TSP (USEPA, 2006) in the absence of a PM2.5 emission factor. 

Various control measures are applied to the materials handling activities (NPI, 2012). Importantly, material 

handling from crushing activities (transfer of material) are excluded (to prevent double accounting of emissions) 

as the crushing emission factors include emissions from the screens, the crusher, feeder, and conveyor belt 

transfer points that are integral to the crusher (NPI, 2012). Physical parameters and calculated emission rates 

for materials handling are given in Table 14 and Table 15, as per Client data. 

Table 14: Source parameters for materials handling activities 

Source Control Efficiency (%) Total Throughput (Tons/hr) 

Offloading of material onto ore 

stockpile 

50% - for use of water sprays 2 420 

 

Table 15: Emission rates for materials handling activities 

Source Emission Rate (g/s) 

TSP PM10 PM2.5 

Offloading of material onto ore stockpile 6.41E-01 3.03E-01 4.59E-02 

 

5.5 Emergency incidents 

In the last two years, Gamsberg Mine have not recorded any air quality related emergency incidents.  
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6.0 IMPACT OF THE ENTERPRISE ON THE RECEIVING ENVIRONMENT 

6.1 Analysis of emissions impact on human health 

6.1.1 General overview of key pollutants and associated health effects 

A description of the key pollutants of concern identified for the facility, as well as the associated health effects 

are provided in Table 16. The pollutant applicable for the proposed additional infrastructure and activities at 

Gamsberg Mine however are associated with PM10, PM2.5 and VOCs only. 

Table 16: Key pollutants and associated health effects 

Pollutant Description Health effects 

Particulate 

matter 

(Dust fallout, 

PM10 and 

PM2.5) 

Can be classified by their aerodynamic properties 

into coarse particles, PM10 (particulate matter with 

an aerodynamic diameter of less than 10 μm) and 
fine particles, PM2.5 (particulate matter with an 

aerodynamic diameter of less than 2.5 μm). The 
fine particles contain the secondarily formed 

aerosols such as combustion particles, sulphates, 

nitrates, and re-condensed organic and metal 

vapours. The coarse particles contain earth crust 

materials and fugitive dusts from roads and 

industries (Fenger, 2002). 

Dust fallout is a nuisance and is unlikely 

to result in health effects.  

 

PM10 and PM2.5 area associated with: 

- Airway allergic inflammatory 

reactions & a wide range of 

respiratory problems. 

- Increase in medication usage 

related to asthma, nasal 

congestion and sinuses problems. 

- Adverse effects on the 

cardiovascular system 

NO2 Formed though the oxidation of nitric oxide in the 

atmosphere, it is a primary pollutant emitted from 

the combustion of stationary point sources and from 

motor vehicles. It is toxic by inhalation. However, as 

the compound is acrid and easily detectable by 

smell at low concentrations, inhalation exposure 

can generally be avoided. 

Effects on pulmonary function, 

especially in asthmatics. 

 

Increase in airway allergic inflammatory 

reactions. 

SO2 One of a group of highly reactive gasses known as 

“oxides of sulphur.” Anthropogenic sources include; 
fossil fuel combustion (particularly coal burning 

power plants) industrial processes such as wood 

pulping, paper manufacture, petroleum and metal 

refining, metal smelting (particularly from sulphide 

containing ores, e.g. lead, silver and zinc ores) and 

vehicle tailpipe emissions. 

Reduction in lung function 

Respiratory symptoms (wheeze and 

cough). 

Volatile 

organic 

compounds 

(in the form 

of Benzene, 

Toluene, 

Ethyl-

benzene and 

Xylene) 

Organic compounds that easily vaporise at room 

temperature and are colourless. VOCs are released 

from vehicle exhaust gases either as unburned 

fuels or as combustion products and are also 

emitted by the evaporation of solvents and motor 

fuels. 

Adverse effects on the cardiovascular 

system and central nervous system. 

 

Long term exposure can lead to 

neurological and cardiovascular system 

damage and increased prevalence of 

carcinomas in the community 
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6.1.2 Applicable Legislation, Guidelines and Standards 

6.1.2.1 National Environmental Management: Air Quality Act (Act No. 39 of 2004)  

The NEM:AQA approach to air quality management is based on the control of the receiving environment. The 

main objectives of the act are to protect the environment by providing reasonable legislative and other measures 

that (i) prevent air pollution and ecological degradation, (ii) promote conservation and (iii) secure ecologically 

sustainable development and use of natural resources while promoting justifiable economic and social 

development alignment with Sections 24a and 24b of the Constitution of the Republic of South Africa. 

6.1.2.1.1 South African Ambient Air Quality Standards 

The South African ambient air quality standards for common pollutants prescribe the allowable ambient 

concentrations of pollutants which are not to be exceeded during a specified time period in a defined area  

(Table 17). If the standards are exceeded, the ambient air quality is defined as poor and potential adverse health 

impacts are likely to occur. As such, the Gamsberg Mine emission contributions to the ambient air quality levels 

must not exceed or cause exceedances of the ambient air quality standards.  

Table 17: South African Ambient Air Quality Standards for criteria pollutants 

Pollutant Averaging Period Limit Value 

(µg/m3) 

Frequency of 

Exceedance 

Compliance Date 

NO2  1 hour 200 88 Immediate 

1 year 40 0 Immediate 

PM10  24 hours 75 4 Immediate 

1 year 40 0 Immediate 

PM2.5 24 hours 40 4 1 January 2016 – 31 

December 2029 

24 hours 25 4 1 January 2030 

1 year 20 0 1 January 2016 – 31 

December 2029 

1 year 15 0 1 January 2030 

Ozone (O3)  8 hours  120 11 Immediate 

Lead (Pb)  1 year 0.5 0 Immediate 

Carbon 

Monoxide (CO) 

1 hour 30 000 88 Immediate 

8 hours  10 000 11 Immediate 

Benzene (C6H6) 1 year 5 0 Immediate 

SO2
  10 minutes 500 526 Immediate 

1 hour 350 88 Immediate 

24 hours 125 4 Immediate 

1 year 50 0 Immediate 

 

6.1.2.1.2  National Dust Control Regulations 

The National Dust Control Regulations (NDCR) were published on 25th May 2018, Government Gazette No. 

41650.  The dust fallout standard, applicable to this study, defines acceptable dust fallout rates in terms of the 

presence of residential and non-residential areas (Table 18).  
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Table 18: Acceptable dust fallout rates 

Restriction Areas Dust Fall Rate (mg/m2/day 

over a 30-day average) 

Permitted Frequency of Exceedance 

Residential areas Dust fall <600 Two per annum (not in sequential months) 

Non-residential areas 600 < Dust fall <1 200 Two per annum (not in sequential months) 

Note: The method to be used for measuring dust fall rate and the guideline for locating sampling points shall be ASTM 

D1739 

6.1.2.2 Listed Activities and Minimum Emissions Standards 

The NEMA:AQA makes provision for the setting and formulation of national ambient air quality and emission 

standards. On a provincial and local level, these standards can be set more stringently if the need arises. The 

control and management of emissions in NEMA:AQA relates to the listing of activities that are sources of 

emission and the issuing of AELs. In terms of Section 21 of the NEMA:AQA, a listed activity is an activity which 

‘results in atmospheric emissions that are regarded to have a significant detrimental effect on the environment, 

including human health’. Activities for the existing Gamsberg Mine operations are classified, as a listed activity 

in terms of Subcategory 4.14 Production and Processing of Zinc, Nickel and Cadmium, Subcategory 4.16 

Smelting and Converting of Sulphide Ores and Subcategory 7.4 Production, Use in Production or Recovery of 

Antimony, Arsenic, Beryllium, Cadmium, Chromium, Cobalt, Lead, Mercury, and or Selenium, by the Application 

of Heat.  

Given the proposed future changes to the process description and additional fuel storage on site an AEL 

amendment will be required. The proposed changes will trigger an additional Subcategory 2.4 Storage and 

Handling of Petroleum Products. The listed activities are detailed below. 

6.1.2.2.1  Existing activities  

Table 19: Minimum emission standards for Subcategory 4.14: Production and Processing of Zinc, Nickel and 
Cadmium  

Description: The extraction, processing and production of zinc, nickel or cadmium by the 

application of heat excluding metal recovery 

Applications: All installations 

Substance or Mixture of Substances Plant 

Status 

mg/Nm3 under 

normal conditions of 

10% O2, 273 Kelvin 

and 101.3 kPa. 

Common 

Name 

Chemical Symbol 

Particulate 

matter 

N/A New 50 

Existing 100 

Sulphur 

dioxide 

SO2 New 500 

Existing 500 

Oxides of 

nitrogen 

NOx expressed as NO2 New 500 

Existing 500 

Mercury Hg New 0.2 

Existing 1.0 

Dioxins PCDD/PCDF New 0.1 ng TEQ 

Existing No standard proposed 
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Table 20: Minimum emission standards for Subcategory 4.16: Smelting and Converting of Sulphide Ores 

Description: Processes in which sulphide ores are smelted, roasted calcined or converted 

(excluding inorganic chemicals-related under Category 7) 

Applications: All installations 

Substance or Mixture of Substances Plant 

Status 

mg/Nm3 under 

normal conditions of 

10% O2, 273 Kelvin 

and 101.3 kPa. 

Common 

Name 

Chemical Symbol 

Particulate 

matter 

N/A New 50 

Existing 100 

Oxides of 

nitrogen 

NOx expressed as NO2 New 350 

Existing 2 000 

Sulphur 

dioxide (feed 

SO2 < 5% 

SO2) 

SO2 New 1 200 

Existing 3 500 

Sulphur 

dioxide (feed 

SO2 > 5% 

SO2) 

SO2 New 1 200 

Existing 2 500 

 

 
Table 21: Minimum emission standards for Subcategory 7.4: Production, Use in Production or Recovery of 
Antimony, Arsenic, beryllium, Cadmium, Chromium, Cobalt, Lead, Mercury, and or Selenium, by the Application of 
Heat 

Description: Production, use or recovery of antimony, arsenic, beryllium, cadmium, chromium, 

cobalt, lead, mercury, selenium, thallium and their salts not covered elsewhere, 

excluding their use as catalyst 

Applications: All installations producing or using more than 1 ton per month 

Substance or Mixture of Substances Plant 

Status 

mg/Nm3 under 

normal conditions of 

10% O2, 273 Kelvin 

and 101.3 kPa. 

Common 

Name 

Chemical Symbol 

Particulate 

matter 

N/A New 10 

Existing 25 
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6.1.2.2.2  Proposed activities  

Table 22: Minimum emission standards for Subcategory 2.4 Storage and Handling of Petroleum Products  

Applications: All permanent immobile liquid storage facilities at a single 

site with a combined storage capacity of greater than 1 000 

m3 

True vapour pressure of contents at 

product storage temperature 

Type of tank or vessel 

Type 1: Up to 14 kPa Fixed-roof tank vented to atmosphere, or as per type 2 and 3 

Type 2: Above 14 kPa and up to 91 kPa 

with a throughput of less than 50 000 

m3 per annum 

Fixed-roof tank with Pressure Vacuum Vents fitted as a 

minimum, to prevent “breathing” losses, or as per Type 3 

Type 3: Above 14 kPa and up to 91 kPa 

with a throughput greater than 50 000 

m3 per annum 

a) External floating-roof tank with primary rim seal and 

secondary rim seal for tank with a diameter greater than 

20 m, or 

b) Fixed-roof tank with internal floating deck / roof fitted 

with primary seal, or 

c) Fixed-roof tank with vapour recovery system 

Type 4: Above 91 kPa Pressure vessel 

 

6.1.3 Baseline assessment 

6.1.3.1 Regional climatic overview 

The Gamsberg Mine operations are situated in the subtropical high-pressure belt. The mean circulation of the 

atmosphere over the subcontinent is anticyclonic throughout the year (except for near the surface) (Preston-

Whyte and Tyson, 1997). The synoptic patterns affecting the typical weather experienced in the region owe their 

origins to the subtropical, tropical and temperate features of the general atmospheric circulation over Southern 

Africa (Figure 4). 

This results in Southern African countries being divided into two Köppen-Geiger climatic groups (Rubel and 

Kottek, 2010). Class B (dry climates) countries include those that border Kalahari Desert i.e. Angola, Botswana, 

Zimbabwe, Namibia and South Africa. Class C (moist mid-latitude climates) countries are East African nations 

that experience mild winters (i.e., Tanzania, Malawi, Mozambique, Swaziland, Lesotho and the Indian Ocean 

islands), with climatic conditions ranging from dry to moist subtropical mid-latitude conditions (Ker et al., 1978). 

The subtropical control is introduced via the semi-permanent presence of the South Indian Anticyclone  

(HP cell), Continental High (HP cell) and the South Atlantic Anticyclone (LP cell) located in the high-pressure 

belt located approximately 30°S of the equator (Preston-Whyte and Tyson, 1997). The tropical controls are 

introduced via tropical easterly flows (LP cells) (from the equator to the southern mid-latitudes) and the 

occurrence of the easterly wave and lows (Preston-Whyte and Tyson, 1997). 

The temperature control is introduced by perturbations in the westerly wave, leading the development of 

westerly waves and lows (LP cells) (i.e., cold front from the polar region, moving into the mid-latitudes) (Preston-

Whyte and Tyson, 1997).  

Seasonal variations in the positioning and intensity of the HP cells determine the extent to which the westerly 

waves and lows impact the atmosphere over the region:  

 In winter, the high-pressure belt intensifies and moves northward while the westerly waves in the form of 

a succession of cyclones or ridging anticyclones moves eastwards around the South African coast or 
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across the country. The positioning and intensity of these systems are thus able to significantly impact the 

region; and 

 In summer the anticyclonic HP belt weakens and shifts southwards, and the influence of the westerly 

waves and lows weakens.  

Anticyclones (HP cells) are associated with convergence in the upper levels of the troposphere, strong 

subsidence throughout the troposphere, and divergence near the surface of the earth. Air parcel subsidence, 

inversions, fine conditions and little to no rainfall occur because of such airflow circulation patterns (i.e. relatively 

stable atmospheric conditions). These conditions are not favourable for air pollutant dispersion, especially with 

regard to those emissions emitted close to the ground.  

Westerly waves and lows (LP cells) are characterised by surface convergence and upper-level divergence that 

produce sustained uplift, cloud formation and the potential for precipitation. Cold fronts, which are associated 

with the westerly waves, occur predominantly during winter. The passage of a cold front is characterised by 

pronounced variations in wind direction and speed, temperature, humidity, pressure and distinctive cloud bands 

(i.e. unstable atmospheric conditions). These unstable atmospheric conditions bring about atmospheric 

turbulence which creates favourable conditions for air pollutant dispersion.  

The tropical easterlies and the occurrence of easterly waves and lows affect Southern Africa mainly during the 

summer months. These systems are largely responsible for the summer rainfall pattern and the north easterly 

wind component that occurs over the region (Preston-Whyte and Tyson, 1988). 

In summary, the convective activity associated with the easterly and westerly waves disturbs and hinders the 

persistent inversion which sits over Southern Africa. This allows for the upward movement of air pollutants 

through the atmosphere leading to improved dispersion and dilution of accumulated atmospheric pollution.  

South Africa experiences a large amount of downwelling air to the HP cell located towards the northern parts of 

the country. When this HP is combined with cloudless nights it creates an atmosphere with several layers which 

reduces vertical mixing. This restriction to vertical mixing combined with counter clockwise circulation (especially 

during winter) may keep polluted air in the same place for weeks at a time. Significant variability in precipitation 

events between summer and winter further affect the amounts of pollution in the air as rainfall brings pollutants 

down with it. 

 

Figure 4: Seasonal circulation patterns affecting the regional climate 
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6.1.3.2 Meteorological overview 

To assess ambient meteorological conditions, local meteorological data from the Gamsberg weather station on 

site was obtained for the most recent year (January to September 2021). Due to the limited data set, yielding a 

data recovery of 52% for the year (below the minimum data recovery of 90% as prescribed by the South African 

National Accreditation System (SANAS, 2012) TR 07-03 standards for the dataset to be deemed 

representative), site-specific modelled MM5 meteorological data was also purchased from Lakes Environmental 

Software for the period January 2019 to December 2021 to provide an understanding of surface and upper air 

dispersion characteristics. The data coverage is centred over the Gamsberg facility (Latitude: -29.227428°S; 

Longitude: 18.964253°E) with a grid cell dimension of 12 km x 12 km over a 50 km x 50 km domain. The data 

is assumed and expected to be representative of the actual experienced meteorological conditions onsite and 

is further recommended in terms of the South African Regulations Regarding Air Dispersion Modelling (2014). 

The percentage recovery for parameters recorded is 100 % and is thus considered reliable for use in this 

assessment. The meteorological conditions for the site using the Gamsberg weather station and modelled MM5 

data is discussed in the following sections. 

6.1.3.2.1 Temperature, rainfall and humidity 

Temperature, rainfall and humidity are key influencing factors in ambient air quality: 

 Over the period January to September 2021, the Gamsberg weather station recorded an average 

temperature of approximately 17 °C. The total rainfall received for the Gamsberg area was 62 mm during 

this period and the relative humidity was fairly moderate, with an average of 44 % over this period; and 

 Using the MM5 data an average temperature of approximately 18 °C, 18 °C and 17 °C was recorded for 

2019, 2020 and 2021. Average maximum temperatures ranged from 35 °C to 37 °C over the period with 

minimum temperatures ranging from 0.3 °C to 1 °C. Gamsberg receives most of its rainfall during summer 

(Figure 6). Total rainfall received for 2019, 2020 and 2021 was 71 mm, 120 mm and 288 mm, respectively. 

Relative humidity was generally moderate, with values of 54 %, 56% and 58 % for 2019, 2020 and 2021, 

respectively. 

Importantly, given the limited data set from the Gamsberg weather station, only the MM5 data has been 

displayed using graphs. 
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Figure 5: Average, maximum and minimum temperatures for 2019 to 2021 (MM5 data)  

 

 

Figure 6: Monthly rainfall and average humidity for 2019 to 2021 (MM5 data) 
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6.1.3.2.2 Wind field 

Wind roses summarise the occurrence of winds at a specified location by representing their strength, direction 

and frequency. Calm conditions are defined as wind speeds of less than 1 m/s which are represented as a 

percentage of the total winds in the centre circle. Each directional branch on a wind rose represents wind 

originating from that specific cardinal direction (16 cardinal directions). Each cardinal branch is divided into 

segments of different colours which represent different wind speed classes. Period, seasonal and diurnal wind 

roses using modelled MM5 is presented below (Figure 8). Given the limited data set from the Gamsberg station 

for the 2021 period (i.e from January to September 2021), only the period wind rose is presented (Figure 7). 

The following can be observed from the wind roses: 

 Gamsberg station data: 

▪ Light to strong winds from the east southeast prevailed in the region as indicated in the station data, 

with calm conditions occurring 16 % of the time during the January to September 2021 period. 

 MM5 data: 

▪ Light to strong winds from the south and north east prevailed in the region, with calm conditions 

occurring infrequently (6 % of the time) during the full period (January 2019 to December 2021);  

▪ During the day, winds are predominantly from the north east while at night, winds shift completely and 

are predominantly from the south. Winds speeds are generally moderate to strong with higher wind 

speeds noted during the day; and 

▪ During the summer and spring months, winds are dominant from the south. In autumn and winter, a 

shift in winds is observed, with winds originating predominantly from the northeast. Wind speeds are 

moderate to strong during all months. Higher wind speeds are noted during summer. 

 Based on the observations, the Gamsberg station data and MM5 indicate similar degrees of variability 

(north easterly and southerly directions). It must be noted however that the Gamsberg station data has a 

low data recovery and should be viewed with caution. 

  
Figure 7: Wind conditions using Gamsberg data for the period January to September 2021
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MM5 AERMET Data Day Summer Autumn 

January 2019 – December 2021 06h00 – 18h00 December, January & February March, April & May 

 

 
Calms = 6.14% 

 

 

 
Calms = 9.66% 

 
Calms = 7.55% 

 
Calms = 6.79% 

Night Winter Spring 

18H00 – 06H00 June, July & August 
September, October & 

November 

 
Calms = 2.19% 

 
Calms = 4.17% 

 
Calms = 6.06% 

Figure 8: Wind conditions using MM5 data for the period January 2019 to December 2021  
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6.1.3.3 Ambient air quality overview 

Existing sources of air pollution within the area have been identified to include:  

 Agricultural activities. 

 Mining activities. 

 Vehicle emissions. 

6.1.4 Agricultural activities 

Emissions from agricultural activities are difficult to control due to the seasonality of emissions and the large 

surface area producing emissions (USEPA, 1995). Most of the agricultural activities in the region appear to be 

the small stock farming. As such, agricultural emissions are not expected to significantly influence the air quality 

in the area. 

6.1.5 Mining activities 

Mining is likely to be the largest sources of particulates (PM10, PM2.5, TSP) within the region. Dust and fine 

particulate emissions associated with mining operations include wind erosion from stockpiles, open mining pits, 

blasting, drilling, crushing and screening, material handling, ore processing operations, unpaved mine access 

roads and other exposed areas. Factors which influence the rate of wind erosion include surface compaction, 

moisture content, vegetation, shape of storage pile, particle size distribution, wind speed and rain.  

Emissions from the mining activities are anticipated to be one of the dominant emissions influencing and 

impacting on the regional air quality. 

6.1.6 Vehicle emissions 

Air pollution generated from vehicle emissions may be grouped into primary and secondary pollutants. Primary 

pollutants are those emitted directly to the atmosphere as tail-pile emissions, whereas secondary pollutants are 

formed in the atmosphere as a result of atmospheric chemical reactions, such as hydrolysis, oxidation, or 

photochemical reactions. The primary pollutants emitted typically include carbon dioxide (CO2), CO, 

hydrocarbons (including benzene, 1.2-butadiene, aldehydes and polycyclic aromatic hydrocarbons), SO2, NOx 

and particulates. Secondary pollutants formed in the atmosphere typically include NO2, photochemical oxidants 

such as ozone, hydrocarbons, sulphur acid, sulphates, nitric acid, sulphates, nitric acid and nitrate aerosols.  

The quantity of pollutants emitted by a vehicle depends on specific vehicle related factors such as vehicle 

weight, speed and age; fuel-related factors such as fuel type (petroleum or diesel), fuel formulation (oxygen, 

sulphur, benzene and lead replacement agents) and environmental factors such as altitude, humidity and 

temperature (Samaras and Sorensen, 1999).  

Given the distribution of the mining activities, it is anticipated that vehicle exhaust emissions and their 

contribution to ambient air pollutant will be relatively significant. 

6.1.6.1 Local ambient air quality monitoring  

6.1.6.1.1 Dust fallout monitoring 

Dust fallout monitoring at Gamsberg Mine is currently conducted at eleven monitoring locations, all equipped 

with single dust fallout units and in line with the NDCR and the ASTM D1739-70 methodology. The most current 

dust fallout monitoring results for the period January 2020 to May 2021 are presented in Table 23.  

Results indicate that all dust fallout monitoring locations are compliant with the National Dust Control 

Regulations. To date a non-residential network average of 39 mg/m2/day was recorded, below the non-

residential dust fallout guideline of 1 200 mg/m2/day.  
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Table 23: Dust fallout results from January 2020 to May 2021 

Sample 

Location 

Guidelines Dust Fallout (mg/m2/day) Compliant 

Jan/Feb-

20 

Feb-

May-20 

Jun/Jul-

20 

Jul/Aug-

20 

Aug/Sep

t-20 

Sep/Oct-

20 

Oct/Nov

-20 

Dec-

Feb-21 

Feb-

Mar-21 

Apr/May

-21 

Kykgat 1 1 200 50 18 13 6 6 14 63 65 36 11 Yes 

 

Kykgat 2 

1 200 37 22 30 82 38 11 10 41 39 8 Yes 

GAMS – SU1 1 200 150 35 67 85 76 92 75 154 143 106 Yes 

GAMS – SU2 1 200 83 17 48 35 80 97 6 146 59 60 Yes 

GAMS – SU3 1 200 20 4 17 10 22 12 20 25 15 19 Yes 

GAMS – SU4 1 200 21 - 7 9 21 9 43 292 25 14 Yes 

Achab 

(House) 

1 200 48 14 16 - 4 9 6 50 - 14 Yes 

Achab 

(Gams) 

1 200 38 6 60 7 9 17 7 53 - 41 Yes 

Gams Bloem  1 200 85 12 7 16 - - 57 107 - 26 Yes 

Achab House 

New 

1 200 46 14 13 7 7 24 11 55 - 20 Yes 

Achab Gams 

New 

1 200 14 26 51 17 8 28 20 57 - 22 Yes 
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6.1.6.1.2 Particulate concentrations 

Ambient PM10 sampling was undertaken at the site during 2018 and 2019. The monitoring locations are provided 

in Figure 9. The analysis of the data is detailed below (Table 24). Importantly, the GB NW site could be classified 

as a background site (representative of natural desert windblown dust).  

Ambient daily PM10 concentrations were below the daily NAAQS of PM10 for all sampling points. However, 

sampling at GB Mining Offices, Aggeneys High school South village and GB Camp exceeded the NAAQS more 

than four times per annum and as such, results in non-compliance of the daily PM10 NAAQS. It should be noted 

that the data recovery was only 58% at GB NW, below the minimum data recovery of 90% (SANAS, 2012), for 

the dataset to be deemed representative of conditions during a specific reporting period. Results here should 

thus be viewed with caution. 

Table 24: PM10 concentrations and exceedances recorded for the Gamsberg Mine during 2018 and 2019 

Sampling ID Data Recovery (%) Daily P99 PM10 

Concentrations 
(µg/m3)  

No. of Exceedances 

GB Mining Offices (Jan-May- 
2018) 

100 39 12 

GB South Access (Jan-Jun 
2018) 

96 7 0 

Aggeneys High School, South 
Village (Jan-Sept 2019) 

97 23 5 

GB Camp (Jan-Sept 2019) 98 28 7 

GB NW (Jan-Sept 2019) 58 21 3 

 

 

Figure 9: PM10 monitoring locations for the Gamsberg Mine during 2018 and 2019 (Airshed, 2020) 
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6.1.6.1.3 Gaseous concentrations 

In 2009, NO2 and SO2 were sampled during the months of June and September at ten locations (SRK 

Consulting, 2010). These monitoring locations are provided in Figure 10. In the absence of a more recent data, 

this data was used for this assessment. The analysis of the data is detailed below (Table 25). 

Ambient SO2 concentrations for June and September 2009 were well below the daily NAAQS of 125 μg/m3 for 

all sampling points. During September 2009, SO2 concentrations increased when compared to June, but the 

measured levels remained below the daily SO2 NAAQS (SRK Consulting, 2010). 

NO2 concentrations were below the hourly NAAQS of 200 μg/m3 for both the June and September 2009 sampling 

periods. All sampled concentrations were recalculated from 24-hour to 1-hour values, for comparison to hourly 

NAAQS values. 

Table 25: Gaseous concentrations recorded for the Gamsberg Mine during the 2009 survey 

Sample ID Daily SO2 Concentrations (µg/m3) Hourly NO2 Concentrations (µg/m3) 

Jun-09 Sep-09 Jun-09 Sep-09 

GAM A1 BDL 3.64 BDL 0.32 

GAM A2 BDL 0.60 BDL BDL 

GAM A3 BDL 0.32 BDL 0.32 

GAM A4 BDL 6.78 BDL BDL 

GAM A5 BDL 0.10 BDL BDL 

GAM A6 BDL 0.10 BDL 0.19 

GAM A7 BDL BDL BDL BDL 

GAM A8 BDL 0.48 0.09 0.12 

GAM A9 0.47 0.62 0.33 BDL 

GAM A10 0.36 0.10 0.001 0.42 

NAAQS 125 200 

Note: BDL = Below Detection Limit 
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Figure 10: SO2 and NO2 monitoring locations for the Gamsberg Mine during the 2009 survey (SRK Consulting, 2009) 

6.2 Dispersion modelling 

6.2.1 Model type 

Dispersion modelling is an effective tool for predicting the ambient air concentrations from pollutants emitted to 

the atmosphere from a variety of processes.  

As per the Regulations Regarding Air Dispersion Modelling, this assessment is considered a Level 2 

assessment as emissions are from sources where the greatest impacts are in the order of a few kilometres (less 

than 50 km), downwind. As such, the AERMOD modelling software was used to determine likely ambient air 

pollutant concentrations from the Gamsberg operations, for comparison against ambient air quality standards. 

The AERMET pre-processor was used to process MM5 modelled regional meteorological data for input into 

AERMOD. The AERMOD modelling software calculates likely changes in dispersion plume trajectory and 

concentrations in response to changes in local terrain, meteorology and source data. Model inputs are verified 

before the model is executed. 

6.2.2 Model input 

Data input into the model includes modelled MM5 surface and upper air meteorological data with wind speed, 

wind direction, temperature, pressure, precipitation, cloud cover and ceiling height for January 2019 to 

December 2021. Terrain data at a resolution of 30 m (SRTM1) was also input into the model. A modelling 

domain of 25 km × 25 km was used (Table 26), with multi-tier Cartesian grid receptor spacing’s of 50 (1 km 

metre from source), 100 (5 km metre from source), 250 m (10 km metre from source) and 1000 (beyond 10 km 

from source). A receptor spacing of 50 m was also located along the boundary of the Gamsberg operations. 
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Table 26: Modelling domain coordinates 

Domain Point UTM East (mE) UTM South (mS) 

North-Eastern Point 327135.00 6790190.34 

South-Western Point 277084.03 6740043.11 

 

6.2.3 Model settings 

A summary of the model settings into AERMOD used in this assessment is provided in Table 27. 

Table 27: Summary of model settings 

Parameter Setting 

Assessment Level Level 2 

Default Regulatory Settings Utilised Yes 

Dispersion Model Aermod 10.2.1 

Supporting Models Aermet and Aermap 

Pollutants modelled PM10, PM2.5 and VOCs 

Scenarios Existing and Proposed Scenarios 

Flag Pole Height 1.5 m 

Building Downwash  N/A 

Chemical Transformation N/A 

Exponential Decay N/A  

Terrain Settings (simple, flat, elevated) Elevated 

Terrain Data SRTM1 

Terrain Data Resolution (m) 30 

Elevation Data  The WebGIS Shuttle Radar Topography Mission 

(STRM) Terrain data was used with a resolution of 

30 m 

Land Use Characterisation Desert Shrubland (characterised based on aerial 

imagery and land use data) 

Number of Sectors 1 

Albedo Ratio 0.3275 

Bowen Ratio 4.75 

Surface Roughness 0.2625 

Modelling Domain Centre  Latitude: -29.227428°S; Longitude: 18.964253°E 

Modelling Domain (km) 25 x 25 

Property Line Resolution (m) 50 

Fine Grid Resolution (m) 50 

Medium Grid Resolution (m) 100, 250 and 1000 
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6.2.4 Modelling scenarios 

The following modelling scenarios have been considered for this assessment: 

1) Proposed operating scenario for the expansion of the crusher and ore stockpile. 

2) Existing operating scenario for the expansion of the fuel storage tanks on site. 

3) Existing and proposed operating scenario of the fuel storage tanks on site. 

Various statistical outputs that have been generated, are described below: 

 Short-term averages: Refers to the predicted 99th percentile (P99) 1-hour and 24-hour average outputs. 

The P99 is required as per the ambient air quality guidelines and makes allowance for exceedances, 

eliminating outliers; and 

 Annual average (long-term) outputs, which is calculated by averaging all hourly concentrations. The 

calculation is conducted for each grid point within the modelling domain.  

It must be noted that, as defined in the Regulations Regarding Air Dispersion Modelling, ambient air quality 

objectives are applied to areas outside the facility fenceline (i.e. beyond the facility boundary). Within the facility 

boundary, environmental conditions are prescribed by occupational health and safety criteria.  

6.2.5 Results and discussion 

This section presents the results of the atmospheric dispersion modelling conducted for the Gamsberg Mine 

operations. 

Furthermore, the National Framework for Air Quality Management in South Africa calls for air quality assessment 

in terms of cumulative impacts rather than the contributions from an individual facility. Compliance with the 

NAAQS is to be determined by taking into account all local and regional contributions to background 

concentrations. For the different facility locations and averaging times, the comparisons with NAAQS must be 

based on recommendations in Table 28. 

Table 28: Summary of recommended procedures for assessing compliance with NAAQS 

Facility Location Annual NAAQS Short-term NAAQS                             

(24 hours or less) 

Isolated facility not influenced 

by other sources, CB 

insignificant*. 

Highest CP must be less than 

the NAAQS, no exceedances 

allowed. 

99th percentile concentrations must be 

less than the NAAQS. Wherever one 

year is modelled, the highest 

concentrations shall be considered. 

Facilities influenced by 

background sources e.g. in 

urban areas and priority 

areas. 

Sum of the highest CP and 

background concentrations 

must be less that the NAAQS, 

no exceedances allowed. 

Sum of the 99th percentile 

concentrations and background CB must 

be less than the NAAQS. Wherever one 

year is modelled, the highest 

concentrations shall be considered. 

*For an isolated facility influenced by regional background pollution CB (background concentration) must be considered 

** CP is the predicted concentration 
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6.2.5.1 Predicted and cumulative concentrations 

Modelling simulations to determine PM10, PM2.5, NO2, SO2, Zn, Pb concentrations and dust fallout from the 

Gamsberg project activities was undertaken in the Gamsberg Smelter AQIA in 2020. Two scenarios were 

simulated, namely baseline mining operations and cumulative baseline and proposed project operations, in 

order to understand the incremental increase in impacts due to the Gamsberg Smelter project. The following 

was deduced: 

 The incremental increase in PM2.5, PM10 concentrations and total dust deposition from baseline to proposed 

project operations was negligible.  

 Cumulative PM2.5 and PM10 concentrations were in compliance with the NAAQS at all sensitive receptors 

within the study area for all averaging periods. 

 Cumulative dust fallout levels were within the dust control guidelines for residential areas at all sensitive 

receptors within the study area. 

 Simulated Pb, NO2 and SO2 concentrations due to project activities, were within the NAAQS at all sensitive 

receptors within the study area for all averaging periods. 

 The highest Zn concentrations were below the most stringent health effect screening levels. 

 The highest concentrations for dioxins due to the project was 1.2 E-09 μg/m³ which was considered to be 

“very low”. 

 No recent background concentrations were available for Pb, NO2, SO2 and dioxins. As such cumulative 

impacts for these pollutants could not be determined. However, given the type of existing sources within 

the project study it is likely that the cumulative impacts will be insignificant/minimal. 

Dust fallout, PM2.5, PM10 and VOCs will be emitted into the atmosphere as a result of the proposed Gamsberg 

Mine project changes associated with the operation of the crusher, ore stockpile and additional fuel storage on 

site. As such, only the dust fallout, PM2.5, PM10 and VOCs were modelled in this assessment as the previous 

results, as per the Gamsberg Smelter AQIA in 2020, will still apply for all other pollutants associated with the 

facility. 

Dust fallout, PM2.5 and PM10 concentration results for the proposed expansion scenario at specified sensitive 

receptors are presented in tabular format, while concentration isopleths are presented graphically to indicate 

the dispersion of pollutants. The VOC concentration results for the existing (was modelled as this was not 

previously modelled) and existing plus proposed (cumulative) expansion scenarios at specified sensitive 

receptors are presented in tabular format, while concentration isopleths are presented graphically to indicate 

the dispersion of pollutants. It must be noted that in the absence of a VOC standard, VOCs, in the form of C6H6, 

being the most stringent standard, has been used for this assessment. 

The following are noted from the proposed Gamsberg Mine additional infrastructure and activities: 

 Dust fallout levels: 

▪ The highest predicted offsite dust fallout rate is well below the Residential Dust Control Regulations of 

600 mg/m2/day. 

▪ Predicted dust fallout rates are well below the Residential Dust Control Regulations at all sensitive 

receptors. 

▪ The background dust fallout rates from the Gamsberg Smelter AQIA undertaken in 2020 by Airshed 

(i.e. mining operations inclusive of the smelter operations) indicated dust fallout rates that were below 

the Residential Dust Control Regulations of 600 mg/m2/day beyond the Gamsberg boundary. As such, 



May 2022 21466019-351699-2 

 

 
 36 

 

with the minimal increase of the expansion, cumulative impacts are also expected to be below the 

Residential Dust Control Regulations at all receptors. 

 Particulate matter concentrations: 

▪ The highest predicted offsite P99 24-hour average and annual average PM10 and PM2.5 concentrations 

are below their PM10 and PM2.5 NAAQS. 

▪ Predicted PM10 and PM2.5 concentrations are also below their NAAQS for PM10 and PM2.5 at all sensitive 

receptors for all assessment periods. 

▪ The background PM10 and PM2.5 concentrations from the Gamsberg Smelter AQIA undertaken in 2020 

by Airshed (i.e., mining operations inclusive of the smelter operations) indicated PM10 and PM2.5 

concentrations that were below their relevant NAAQS beyond the Gamsberg Mine boundary. As such, 

with the low increase of the expansion, cumulative impacts are also expected to be below the NAAQS. 

 VOC concentrations: 

▪ The highest predicted offsite annual average VOC concentrations for both scenarios are well below 

the annual average benzene NAAQS of 5 µg/m3. 

▪ Predicted annual average VOC concentrations for both scenarios are below the annual average C6H6 

NAAQS at all surrounding sensitive receptors. 

▪ VOC cumulative impacts will therefore be insignificant/minimal. 

Table 29: Predicted dust fallout levels at sensitive receptors for the Gamsberg Mine operations 

No. Sensitive Receptor Predicted Dust Fallout Rate (mg/m2/day) 

Proposed 

Dust Fallout Standard (mg/m2/day) 600 

1 Residential Area 1 0.76 

2 Residential Area 2 1.05 

3 Residential Area 3 1.29 

4 Residential Area 4 2.42 

5 Residential Area 5 1.73 

6 Residential Area 6 1.43 

7 Residential Area 7 1.36 

8 Residential Area 8 2.85 

9 Residential Area 9 0.54 

10 Residential Area 10 0.61 

11 Residential Area 11 0.52 

12 Residential Area 12 0.96 

13 Residential Area 13 2.21 

14 Residential Area 14 1.47 

15 Residential Area 15 0.86 

Highest Offsite Concentration 104.24 
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Table 30: Predicted particulate matter concentrations at sensitive receptors for the Gamsberg Mine operations 

No. Sensitive Receptor PM10 24-Hour 

Concentration (µg/m3)  

PM10 Annual Average 

Concentration (µg/m3) 

PM2.5 24-Hour 

Concentration (µg/m3)  

PM2.5 Annual Average 

Concentration (µg/m3) 

Proposed Proposed Proposed Proposed 

NAAQS (µg/m3) 75 75 40 20 

1 Residential Area 1 0.45 0.03 0.12 0.009 

2 Residential Area 2 0.71 0.06 0.19 0.016 

3 Residential Area 3 0.91 0.07 0.25 0.018 

4 Residential Area 4 1.87 0.12 0.51 0.034 

5 Residential Area 5 1.13 0.09 0.31 0.025 

6 Residential Area 6 0.99 0.08 0.27 0.021 

7 Residential Area 7 0.93 0.07 0.25 0.019 

8 Residential Area 8 2.10 0.11 0.59 0.029 

9 Residential Area 9 0.35 0.03 0.10 0.008 

10 Residential Area 10 0.37 0.03 0.10 0.007 

11 Residential Area 11 0.42 0.01 0.11 0.004 

12 Residential Area 12 0.47 0.02 0.13 0.005 

13 Residential Area 13 1.03 0.07 0.28 0.019 

14 Residential Area 14 1.32 0.08 0.35 0.021 

15 Residential Area 15 0.56 0.03 0.15 0.009 

Highest Offsite Concentration 44.23 3.37 6.04 0.53 
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Table 31: Predicted VOC concentrations at sensitive receptors for the Gamsberg Mine operations 

No. Sensitive Receptor Predicted Annual Average Concentration (µg/m3) 

Existing Existing plus Proposed 

NAAQS (µg/m3) 5 5 

1 Residential Area 1 7.00E-05 1.50E-04 

2 Residential Area 2 1.30E-04 2.50E-04 

3 Residential Area 3 1.50E-04 2.90E-04 

4 Residential Area 4 2.50E-04 5.10E-04 

5 Residential Area 5 1.90E-04 3.80E-04 

6 Residential Area 6 1.70E-04 3.30E-04 

7 Residential Area 7 1.50E-04 3.10E-04 

8 Residential Area 8 2.10E-04 4.30E-04 

9 Residential Area 9 7.00E-05 1.40E-04 

10 Residential Area 10 6.00E-05 1.20E-04 

11 Residential Area 11 4.00E-05 7.00E-05 

12 Residential Area 12 6.00E-05 1.20E-04 

13 Residential Area 13 2.30E-04 4.60E-04 

14 Residential Area 14 2.60E-04 5.20E-04 

15 Residential Area 15 8.00E-05 1.50E-04 

Highest Offsite Concentration 2.35E-02 4.73E-02 
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Figure 11: Predicted dust fallout levels for the additional Gamsberg Mine operations (mg/m2/day)  
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Figure 12: Predicted P99 24-hour PM10 concentrations for the additional Gamsberg Mine operations (µg/m3)  
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Figure 13: Predicted annual average PM10 concentrations for the additional Gamsberg Mine operations (µg/m3)  
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Figure 14: Predicted P99 24-hour PM2.5 concentrations for the additional Gamsberg Mine operations (µg/m3)  
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Figure 15: Predicted annual average PM2.5 concentrations for the additional Gamsberg Mine operations (µg/m3)  
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Figure 16: Predicted existing VOC concentrations for the Gamsberg Mine operations (µg/m3)  
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Figure 17: Predicted existing plus proposed VOC concentrations for the Gamsberg Mine operations (µg/m3)   
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6.3 Assumptions and Limitations 

The following assumptions were made for the assessment: 

 Data input into the model is based on the information provided by the Client. It is assumed that the 

information provided by the Client is accurate and complete at the time of modelling. 

 The existing emissions inventory can be found in the Gamsberg Smelter AQIA undertaken in 2020 by 

Airshed. 

 The new potable water pipeline will have no impact on air quality emissions and thus has been excluded 

in this assessment. 

 Emulsion storage is proposed to be increased from 2 x 85t silos and 2 x 50t silos to 2 x 100t and 2 x 200t 

silos respectively, however emissions are considered to be negligible and within a confined enclosed space 

and has thus been excluded from this assessment. 

 The river diversion will have no impact on air quality emissions and thus has been excluded in this 

assessment. 

 A refined layout for the waste rock dump and quartzite rock dump/berm is proposed, however this will have 

no change in the air quality emissions and thus has been excluded in this assessment. 

 The tank temperatures were modelled at ambient temperature for all storage tanks.  

 The tanks were modelled using parameters that were set with a gas exit velocity of 0.001 m/s and a 

diameter of 0.001 m for all storage tanks.  

 Horizontal tanks were modelled as a single point source. 

 PM2.5 emissions were assumed to equal 15% of TSP (USEPA, 2006) in the absence of a PM2.5 emission 

factor for wind erosion. A 50% control efficiency for the use of wet suppression was applied as an 

environmentally conservative approach (NPI, 2012) for the stockpile that will be mitigated. 

 PM2.5 emissions were assumed to equal 30% of TSP (USEPA, 2006 particle size distribution for crushing) 

in the absence of a PM2.5 emission factor for crushing. A 50% control efficiency was applied for the use of 

water sprays (NPI, 2012). Importantly, crushing emission factors include emissions from the screens, the 

crusher, feeder, and conveyor belt transfer points that are integral to the crusher (NPI, 2012). 

 PM2.5 emissions were assumed to equal 5.3% of TSP (USEPA, 2006) in the absence of a PM2.5 emission 

factor for material handling activities. Various control measures are applied to the materials handling 

activities (NPI, 2012). Importantly, material handling from crushing activities (transfer of material) are 

excluded (to prevent double accounting of emissions) as the crushing emission factors include emissions 

from the screens, the crusher, feeder, and conveyor belt transfer points that are integral to the crusher 

(NPI, 2012). 

7.0 MITIGATION MEASURES  

It is recommended that the Gamsberg Mine maintain and ensure that the measures outlined in the Gamsberg 

Smelter AQIA, undertaken in 2020 are ongoing. Additionally, the following mitigation measures are 

recommended to be implemented and maintained for the proposed expansion, as discussed below: 

7.1 Truck Loading, Unloading and Transfer Point Activities 

The following techniques can be employed to assist with dust suppression (Katestone, 2011): 

 Modifying or ceasing loading activities during dry and high wind conditions. 
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 Avoid double handling of material, where possible. 

 Minimising the drop height of the material from truck loads/transfer points. 

▪ A drop height policy should be maintained on-site and all equipment operators should be trained in the 

policy such that drop height reduction is implemented during materials handling activities. 

 Using water carts with boom sprayers or wet suppression systems. 

7.2 Conveyor Belts 

Wind erosion of material on conveyor belts can cause large quantities of dust to become airborne, particularly 

if they are not enclosed. Conveyors that are fully enclosed is the best method to be applied to mitigate dust.  

Carryback material that sticks to the belt instead of falling off at the head pulley may also become airborne as 

the belt dries and passes over the return idlers. If a conveyor belt is not clean, dust can also be bumped from 

the belt as it passes over the idlers and pulleys, creating more potential for dust to become airborne and 

entrained in prevailing winds (Kissell, 2003). To prevent unnecessary airborne dust from the conveyors, it is 

recommended that the conveyor belts are cleaned on a regular basis through the use of belt scrapers, washers 

and or combinations of both. Implementing wet dust suppression sprays at conveyor tip points are also 

recommended. 

7.3 Wind Erosion  

Windbreaks in the form of shade cloth screens may be erected at exposed areas, and as such reduces the wind 

speed across the surface of the ground (higher wind speeds tend to scour the surface, leading to dust 

entrainment and subsequent transportation) and therefore reducing the impact of dust emissions on the 

surrounding environment.  

Dust emissions from stockpiles can occur during the loading of the piles, when wind disturbs the stockpile 

surface, and during reclamation (USEPA, 2006a). To decrease the erosion potential of stockpiles, the following 

mitigation techniques are recommended: 

 The height of existing berms at stockpiles be increased, reducing the impact of winds on the stockpile. 

 Maintaining the stockpile moisture level to avoid further entrainment of particles. 

7.4 Crushers 

Mitigation methods in these areas that can be implemented to reduce dust emissions include: 

 Tasking a team to be responsible for the removal of all deposited dust from machinery, enclosures and 

conveyors within the crushing plant and tip areas, resulting in less deposited dust available for wind 

entrainment. 

 Deploy a dust sweeper in the plant, capable of collecting all deposited fines, reducing the amount of dust 

available for wind entrainment. 

 Erecting porous wind breaks at the base of screens, crushers and transfer points, approximately 2 m 

high, completely enclosing the base of the structure. This method will ensure deposited fines from the 

activity are not entrained by winds. These areas can then be routinely cleaned. 

 Wash down the plant areas on a periodic basis via water sprays. 

7.5 Storage Tanks 

Mitigation methods entail: 

 Maintaining stable tank pressure and vapour space:  
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▪ All tank lines should remain charged (i.e. liquid full), and only emptied for maintenance or product 

change.  

▪ Coordinating filling and withdrawal schedules, and implementing vapour balancing between tanks. 

▪ Thermal relief valves should be present to protect the pipes against overpressure due to solar heating. 

 Use of bottom loading truck/rail car filling systems. 

 Establishing a procedure for periodic monitoring of fugitive emissions from pipes, valves, seals, tanks and 

other infrastructure components with vapour detection equipment, and with subsequent maintenance or 

replacement of components as needed. The procedure should specify the monitoring frequency and 

locations, as well as the trigger levels for repairs. 

 The quantity of vapour in an air-and-vapour mixture can be measured by means of a gas detector. Gas 

detector scales are graduated from 0 to 100, their graduation being based on the lower limit of flammability 

of 1 %. A reading of 50 indicates 50 % of the lower limit of flammability (i.e. the mixture contains 0,5 % of 

vapour), and a reading of 20 on that scale indicates 0,2 % of vapour (SANS 10089-1). 

 The instrument used for recording the concentration of this vapour should be of an approved design and 

shall be regularly calibrated and tested for accuracy. 

 During tank cleaning, the following should be observed: 

▪ Tank degassing vapours should be routed to an appropriate emissions control device. Other practices 

include restricting activities to a season when the potential for ozone formation is reduced or to a time 

of the day when the potential for ozone formation is less. 

▪ Tanks should be periodically inspected internally. An inspection frequency based on the condition of 

the tank at the previous internal inspection should be established (typically 10 years or less). 

 During the operational phase passive monitoring campaign should be undertaken annually for a minimum 

of three months during the winter and summer seasons to determine the VOC concentrations liberated in 

the general vicinity of the operations. If concentrations levels are low, monitoring can stop.  

8.0 IMPACT ASSESSMENT 

All impacts of the proposed project were evaluated using a risk matrix, which is a semi-quantitative risk 

assessment methodology. This system derives an environmental impact level on the basis of the magnitude, 

duration, scale, probability and significance of the impacts, based on a clear understanding of the potential 

mitigatory measures that can be implemented and changes in risks as a result of implementation of these 

mitigatory measures. A full description of the risk rating methodology is presented in Appendix A.  

Impacts from the proposed additional infrastructure at the Gamsberg Mine expansion operations are expected 

to be low (Table 32).  
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Table 32: Impact assessment summary 

Phase Activity Impact Aspect Without Mitigation With Mitigation 
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Construction of 

additional 

infrastructure   

Emissions from the 

construction 

activities.  

Impact on surrounding 

sensitive receptors due 

to increased dust and 

particulate matter  

Ambient air 

quality  

6 2 2 3 30 Moderate 4 2 1 2 14 Low 

Operation of 

additional 

infrastructure   

Emissions from the 

coarse ore 

stockpile, crusher, 

material handling 

and storage tanks.  

Impact on surrounding 

sensitive receptors due 

to increased dust, 

particulate matter and 

VOC levels  

Ambient air 

quality  

4 3 2 3 27 Low 2 3 1 2 12 Low 

Decommissioning 

of additional 

infrastructure   

Emissions from the 

decommissioning 

activities.  

Impact on surrounding 

sensitive receptors due 

to increased dust and 

particulate matter  

Ambient air 

quality  

6 2 2 3 30 Moderate 4 2 1 2 14 Low 
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8.1 Analysis of emissions’ impact on the environment 
The following sections analyse the potential impacts associated with air pollution on the surrounding 

environment.  

8.1.1 Effect on vegetation 

Air pollution can produce a wide variety of effects on the physiology of vegetation including the following: 

 Deposition of the particulates on the vegetation can reduce light transmission to the chloroplasts thus 

reducing photosynthesis. 

 The chemical composition of the particulates may indirectly change the soil chemistry from deposition and 

thus may influence the suitability of the habitat. 

 Heavy metals and other toxic particles have been shown to cause damage and death of some species as 

a result of both the phytotoxicity and the abrasive action during deposition. 

 Pollutants can influence the vegetation growth rates and lead to stunted growth and reduced crop yields. 

 Gaseous pollutants can chemically burn the vegetation and/or lead to discolouration due to physiology 

damage from elevated concentrations. 

8.1.2 Effects on animals 

Air pollution effects animals in a similar manner to human sensitive receptors. Common negative health effects 

may include the following: 

 Airway allergic inflammatory reactions and a wide range of respiratory problems. 

 Adverse effects on the cardiovascular system. 

 Increase in mortality. 

 Heavy metals and other toxic particles have been shown to cause damage and death via bio-accumulation 

in the organs and/or bones. 

 Effects on nervous system, kidney function, brain, gastrointestinal function, immune system, reproductive 

and developmental systems and the cardiovascular system.  

8.1.3 Effects on physical structures 

Air pollution commonly effects structures in the following manners: 

 Soiling of structures. 

 Increases corrosion of metals and/or concrete structures. 

 Increased maintenance costs. 

9.0 COMPLAINTS 

No complaints pertaining to air quality or emissions have been received to date. 

10.0 CURRENT OR PLANNED AIR QUALITY MANAGEMENT 
INTERVENTIONS 

No other current or planned air quality management interventions are proposed. 
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11.0 COMPLIANCE AND ENFORCEMENT ACTIONS 

There are no compliance or enforcement actions. 

12.0 ADDITIONAL INFORMATION 

No additional information is necessary. 
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APPENDIX A 

Impact Assessment Criteria 
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The significance of each identified impact was determined using the approach outlined below (terminology from 

the Department of Environmental Affairs and Tourism Guideline document on EIA Regulations, April 1998). This 

approach incorporates two aspects for assessing the potential significance of impacts, namely occurrence and 

severity, which are further sub-divided as follows. 

Impact assessment factors  

Occurrence  Severity  

Probability of occurrence Duration of occurrence Scale/extent of impact Magnitude of impact 

To assess these factors for each impact, the following four ranking scales are used. 

Impact assessment scoring methodology 

Probability Duration 

5 - Definite 5 - Permanent 

4 - Highly probable 4 - Long-term  

3 - Medium probability 3 - Medium-term (8 - 15 years) 

2 - Low probability 
2 - Short-term (0 - 7 years) (impact ceases after the 

operational life of the activity) 

1 – Improbable 1 – Immediate 

0 – None  

Scale Magnitude 

5 – International 10 - Very high 

4 – National 8 - High 

3 – Regional 6 - Moderate 

2 – Local 4 - Low 

1 - Site only 2 - Minor 

0 – None  

 

Once these factors are ranked for each impact, the significance of the two aspects, occurrence and severity, is 

assessed using the following formula: 

SP (significance points) = (magnitude + duration + scale) x probability 

The maximum value is 100 significance points (SP). The impact significance will then be rated as follows. 
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Significance of impact based on point allocation 

SP >75 
Indicates high environmental 

significance 

An impact which could influence the decision about 

whether or not to proceed with the project regardless of any 

possible mitigation. 

SP 30 – 75 
Indicates moderate 

environmental significance 

An impact or benefit which is sufficiently important to 

require management and which could have an influence on 

the decision unless it is mitigated. 

SP <30 
Indicates low environmental 

significance 

Impacts with little real effect and which should not have an 

influence on or require modification of the project design. 

+ Positive impact 
An impact that constitutes an improvement over pre-

project conditions, 

 

For the methodology outlined above, the following definitions were used: 

 Magnitude is a measure of the degree of change in a measurement or analysis (e.g. the area of pasture, 

or the concentration of a metal in water compared to the water quality guideline value for the metal), and 

is classified as none/negligible, low, moderate or high. The categorization of the impact magnitude may be 

based on a set of criteria (e.g. health risk levels, ecological concepts and/or professional judgment) 

pertinent to each of the discipline areas and key questions analysed. The specialist study must attempt to 

quantify the magnitude and outline the rationale used. Appropriate, widely recognised standards are to be 

used as a measure of the level of impact; 

 Scale/Geographic extent refers to the area that could be affected by the impact and is classified as site, 

local, regional, national, or international; 

 Duration refers to the length of time over which an environmental impact may occur: i.e. 

immediate/transient, short-term (0 to 7 years), medium term (8 to 15 years), long-term (greater than 15 

years with impact ceasing after closure of the project), or permanent; and 

 Probability of occurrence is a description of the probability of the impact actually occurring as improbable 

(less than 5% chance), low probability (5% to 40% chance), medium probability (40% to 60% chance), 

highly probable (most likely, 60% to 90% chance) or definite (impact will definitely occur). 
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Document Limitations 
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DOCUMENT LIMITATIONS  

This Document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following 
limitations: 

i) This Document has been prepared for the particular purpose outlined in Golder’s proposal and no 
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any other 

purpose.  

ii) The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to 
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or 

circumstances that may exist at the site referenced in the Document. If a service is not expressly indicated, 

do not assume it has been provided. If a matter is not addressed, do not assume that any determination 

has been made by Golder in regards to it. 

iii) Conditions may exist which were undetectable given the limited nature of the enquiry Golder was retained 

to undertake with respect to the site. Variations in conditions may occur between investigatory locations, 

and there may be special conditions pertaining to the site which have not been revealed by the investigation 

and which have not therefore been taken into account in the Document. Accordingly, additional studies 

and actions may be required.   

iv) In addition, it is recognised that the passage of time affects the information and assessment provided in 

this Document. Golder’s opinions are based upon information that existed at the time of the production of 

the Document. It is understood that the Services provided allowed Golder to form no more than an opinion 

of the actual conditions of the site at the time the site was visited and cannot be used to assess the effect 

of any subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.   

v) Any assessments made in this Document are based on the conditions indicated from published sources 

and the investigation described. No warranty is included, either express or implied, that the actual 

conditions will conform exactly to the assessments contained in this Document. 

vi) Where data supplied by the client or other external sources, including previous site investigation data, have 

been used, it has been assumed that the information is correct unless otherwise stated. No responsibility 

is accepted by Golder for incomplete or inaccurate data supplied by others. 

vii) The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to provide 

Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services and work 

done by all of its sub-consultants and subcontractors. The Client agrees that it will only assert claims 

against and seek to recover losses, damages or other liabilities from Golder and not Golder’s affiliated 
companies. To the maximum extent allowed by law, the Client acknowledges and agrees it will not have 

any legal recourse, and waives any expense, loss, claim, demand, or cause of action, against Golder’s 
affiliated companies, and their employees, officers and directors. 

viii) This Document is provided for sole use by the Client and is confidential to it and its professional advisers. 

No responsibility whatsoever for the contents of this Document will be accepted to any person other than 

the Client. Any use which a third party makes of this Document, or any reliance on or decisions to be made 

based on it, is the responsibility of such third parties.  Golder accepts no responsibility for damages, if any, 

suffered by any third party as a result of decisions made or actions based on this Document. 
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Declaration of Independence of Practitioner 

_______________________________________________________________________________________ 

DECLARATION OF INDEPENDENCE - PRACTITIONER 

_______________________________________________________________________________________ 

 

Name of Practitioner: Novania Reddy 

 

 

Declaration of independence and accuracy of information provided: 

Atmospheric Impact Report in terms of Section 30 of the Act. 

 

I, Novania Reddy, declare that I am independent of the applicant. I have the necessary expertise to conduct 

the assessments required for the report and will perform the work relating the application in an objective manner, 

even if this results in views and findings that are not favourable to the applicant. I will disclose to the applicant 

and the air quality officer all material information in my possession that reasonably has or may have the potential 

of influencing any decision to be taken with respect to the application by the air quality officer, The information 

provided in this atmospheric impact report is, to the best of my knowledge, in all respects factually true and 

correct. I am aware that the supply of false or misleading information to an air quality officer is a criminal offence 

in terms of section 51(1) (g) of this Act. 

 

Signed at Johannesburg on this 04 day of May 2022. 
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