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Husab Husab Uranium Mine  
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1 Sulfur has been the preferred spelling of the International Union of Pure and Applied Chemistry (IUPAC) since 1990, however all the Husab 
plant is called the Sulphuric Acid Treatment Plant and hence the spelling in this document remains as such.  
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Glossary 

Air pollution: means any change in the composition of the air caused by smoke, soot, dust (including fly ash), cinders, solid 

particles of any kind, gases, fumes, aerosols and odorous substances.  

Atmospheric emission: means any emission or entrainment process emanating from a point, non-point or mobile sources 

that result in air pollution. 

Averaging period: This implies a period of time over which an average value is determined. 

Dust: Solid materials suspended in the atmosphere in the form of small irregular particles, many of which are microscopic in 

size.  

Frequency of Exceedance: A frequency (number/time) related to a limit value representing the tolerated exceedance of that 

limit value, i.e. if exceedances of limit value are within the tolerances, then there is still compliance with the standard. 

Particulate Matter (PM): These comprise a mixture of organic and inorganic substances, ranging in size and shape and can 

be divided into coarse and fine particulate matter. The former is called Total Suspended Particulates (TSP), whilst PM10 and 

PM2.5 fall in the finer fraction referred to as Inhalable particulate matter. 

TSP: Total suspended particulates refer to all airborne particles and may have particle sizes as large as 150 µm, depending 

on the ability of the air to carry such particles. Generally, suspended particles larger than 75 to 100 micrometre (µm) do not 

travel far and deposit close to the source of emission. 

PM10: Thoracic particulate matter is that fraction of inhalable coarse particulate matter that can penetrate the head airways 

and enter the airways of the lung. PM10 consists of particles with a mean aerodynamic diameter of 10 µm or smaller, and 

deposit efficiently along the airways. Particles larger than a mean size of 10 µm are generally not inhalable into the lungs. 

These PM10 particles are typically found near roadways and dusty industries. 

PM2.5: Respirable particulate fraction is that fraction of inhaled airborne particles that can penetrate beyond the terminal 

bronchioles into the gas-exchange region of the lungs. Also known as fine particulate matter, it consists of particles with a 

mean aerodynamic diameter equal to or less than 2.5 µm (PM2.5) that can be inhaled deeply into the lungs. These particles 

can be directly emitted from sources such as forest fires, or they can form when gases emitted from power plants, industries 

and automobiles react in the air. 
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Executive Summary 

Swakop Uranium (SU) plans to establish a Heap Leach Facility (HLF) at Husab Uranium Mine (Husab) to further extract 

available uranium from the Husab operations’ low-grade run-of-mine material. The low-grade material is regarded unsuitable 

for treatment through the newly constructed Tank Leach Facility (TLF). Processes associated with the HLF include:  Crushing, 

Screening and Agglomeration; Reagent Storage; Heap Leach, Solution Handling and Reclamation; Leach Waste Storage; 

Services and Utilities; and TLF Interfacing. The proposed heap leach (HL) Project will affect the TLF and utilise the existing 

infrastructure installed as part of the TLF.  

 

The HL pad will be designed to ensure optimal size for full leaching and reclamation cycle of the material. The HL pad wil l 

consist of six cells for the stacking, leaching, drain down, rinse, and reclamation operations, as well as a dormant cell to allow 

flexibility in the operation. It will have a capacity of 7.5 million tonnes per annum (tpa), covering an area of 261 000 m² (450 m 

by 580 m) and a height of 8 m. One HL cycle will take 100 days resulting in 6.21 cycles per year – each cycle will include 17 

days for stacking, 3 days for curing; surface piping and pipe laying, the leaching process will take 50 days whereafter 2 days 

for washing, 8 days for draining, 3 days for piping and network removal, and 17 days for reclamation. 

 

Airshed Planning Professionals (Pty) Ltd (Airshed) was appointed by SLR Environmental Consulting (Namibia) (Pty) Ltd (SLR) 

to undertake an air quality impact assessment for the proposed HLF. The aim of the investigation was to assess the possible 

additional and cumulative air pollution impacts from the HLF on the surrounding environment, and to determine the best 

location from an air quality perspective. Three possible locations are considered of which the Basecase is the preferred option, 

and Option G, Option H and Option K are alternative locations. The Basecase was quantitatively assessed whereas Options 

G and H were qualitatively assessed, accounting for the current mining activities, the state of air quality and the dispersion 

potential at Husab Mine. 

 

The scope of work included the review of technical information and legislative context relevant to Namibia. Since Namibia 

does not have any ambient air standards to comply with, reference is made to Air Quality Objectives (AQOs) adopted as part 

of the Erongo Strategic Environmental Management Plan (SEMP) Air Quality Management Plan (AQMP). These objectives 

are based on the World Health Organisation (WHO) interim targets (WHO, 2005) and South African (SA) National Ambient 

Air Quality Standards (NAAQSs).  

 

On-site weather data, dustfall rates and particulate matter concentrations recorded between 2017 and 2019 were used in the 

assessment and regarded representative of the general conditions at Husab Mine. The prevailing wind field is from the 

southwest, west and northeast with less frequent, but strong winds from the northwest and very little from the southeast. The 

daytime wind field is comparable to the periodic air flow, where at night there is an increase in north-westerly winds and a 

decrease in airflow from the west. 

 

Air Quality Sensitive Receptors (AQSRs) relate to where people reside, with the closest settlements to the mine the town of 

Arandis (15 km, to the north-northwest) and the farms Palmenhorst and Hildenhof more than 13 km to the south-west. Tourist 

locations include the Big Welwitschia and the Welwitschia Flats to the south and southeast of the mine. 

 

Sources of emission at the mine include drilling and blasting, crushing and screening, materials handling, unpaved roads, 

windblown dust from stockpiles; conveyor; waste rock dump (WRD) and tailings storage facility (TSF), vehicle exhaust, and 

plant stacks. The main pollutants of concern associated with mining operations are airborne particulate matter (PM), including 

Total Suspended Particulates (TSP), thoracic particles (with an aerodynamic diameter of less than 10 µm (PM10)) and 

respirable particles (with an aerodynamic diameter of less than 2.5 µm (PM2.5)). Gaseous pollutants include sulfur dioxide 

(SO2), oxides of nitrogen (NOx), carbon monoxide (CO), volatile organic compounds (VOCs), sulfur trioxide (SO3) and diesel 
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particulate matter (DPM). PM10 and PM2.5 as well as gaseous pollutants pose a health risk to the surrounding communities 

whereas dustfall (TSP) is of concern due to its nuisance effects.  

 

PM10 concentrations measured on-site exceed the daily and annual AQOs. Simulated PM10 and PM2.5 ground level 

concentrations (GLCs), conducted as part of an air quality impact assessment for Husab Mine in March 2021, indicated 

exceedance of the relevant AQOs off-site, but not at any of the AQSRs. Dustfall rates collected monthly at 33 locations indicate 

high dustfall rates near the mining operations and main haul roads but low levels further away and at the AQSRs. Simulated 

dustfall rates indicated similar trends, with high on-site levels but low dustfall rates off-site and at the AQSRs. Simulated 

gaseous emissions (i.e. SO2, NOx, CO, DPM, SO3 and VOCs) resulted in low GLCs, well within the screening criteria outside 

the mine license boundary and at the AQSRs. This is confirmed through the sampling campaign results showing SO2 and 

VOC concentrations to be very low, with NO2 concentrations exceeding on-site close to the main mining activities and busy 

haul roads. Volatile acids (HCl, HBr and HNO3) and non-volatile acids (H2SO4 and H3PO4) were sampled around the SATP 

with low concentrations at all four sites. 

 

At the proposed HLF, particulate matter (PM) emissions will derive from crushing and screening operations, conveyor transport 

and transfer of low-grade ore, stacking of the HL pad, and reclamation of leach waste. In addition, transport of sulfuric acid to 

the storage tanks via road and wind erosion from the stockpiles, HL pad and waste storage facility would result in particulate 

emissions. Acid mist from the HL process is regarded to be insignificant due to very low saturation concentrations in the air 

and the likelihood that the spray droplets would deposit close to the application unless it is very fine and there is a strong wind 

present. 

 

An emissions inventory for the proposed HL project was compiled based on design criteria and production rates and using 

emission factors which associate the quantity of a pollutant with the activity associated with the release of that pollutant.  

 

Unmitigated TSP emissions were quantified as 2 454.46 tpa, with PM10 at 349.69 tpa and PM2.5 72.36 tpa. Crushing and 

screening are the main contributing sources to unmitigated emissions – 83% of TSP, 44% of PM10 and 39% of PM2.5. Materials 

handling points are the second largest contributor (TSP – 11%; PM10 - 36% and PM2.5 - 26%). With mitigation measures in 

place the emissions reduce significantly to 630.16 tpa for TSP, 160.57 tpa for PM10 and 34.29 tpa for PM2.5. The contribution 

from the HL Project to the existing emissions is 10% for unmitigated TSP emissions, and with mitigation in place it reduces to 

5%. For PM10 the HL Project will add 4% to the unmitigated emissions, reducing to 3% with mitigation in place. The HL project 

will contribute 2% to the overall PM2.5 emissions, which will reduce to 1% with mitigation measures in place.  

 

Dispersion simulation results from the Basecase option indicated that: 

• PM2.5 GLCs resulting from the HL Project only (incremental) are restricted to the area around the HLF, with low off-

site impacts at the AQSRs. With no mitigation in place the incremental PM2.5 impacts would result in a Medium 

significance and reduces to a Low significance with mitigation in place. Cumulatively the significance is Medium for 

both unmitigated and mitigates scenarios although the GLCs are lower, and the impacts areas are smaller. The 

reason for the Medium significance is the off-site PM2.5 GLCs due to wind erosion from the TSF, and with the HL 

Project contributing between 1% and 6% to the cumulative annual average PM2.5 GLCs at the AQSRs. It must be 

noted that these cumulative PM2.5 concentrations are very low and well below the AQO. 

• Simulated PM10 GLCs resulted in high short-term impacts on-site and contributing up to 41% of the 24-hour AQO 

concentration (75 µg/m³) at the nearest AQSRs when unmitigated. With mitigation in place, the impacts reduced, 

covering smaller areas around the crushers and screens, materials transfer points, HL pad and waste storage facility. 

A Medium significance was attributed to both unmitigated and mitigated incremental PM10 GLCs, although with 

mitigation in place the Severity; Spatial Extent and Consequence were lower. Cumulatively, the HL Project 

contributes between 6% and 28% to the PM10 GLCs at the AQSRs. With mitigation in place at all the sources, the 
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cumulative PM10 annual average GLCs are well below the AQO, and even the short-term GLCs (24-hour average) 

are likely to remain within the set limit although occasional exceedances may occur. The cumulative significance 

rating was Medium for both unmitigated and mitigated. 

• Dust fallout impacts from the HL Project resulted in a Low significance, for all scenarios evaluated, for both 

incremental and cumulative impacts, with and without mitigation since dustfall rates were only high on-site but low 

and well within the set AQOs off-site and at the AQSRs. The reason for the low off-site dustfall is that TSP emissions 

comprise of larger particles and settle closer to the dust generating sources than the finer particles which remains 

suspended for longer. There is however a potential for high dust fallout under strong wind conditions, which occurred 

for 15% of the time between 2017 and 2019 and depending on the pH of the dust together with moisture in the air 

could increase the significance to Medium due to the potential impacts on vegetation. 

Assessment of the three alternative HL locations, Option G, Option H and Option K, all indicate a greater probability 

for exceedances of PM GLCs over the short-term (24-hous) outside the mining license boundary and higher GLCs at the 

nearest AQSRs, specifically the “no go zone”, Big Welwitschia, Welwitschia flats and the Husab Campsite. Thus, purely 

from an air quality perspective, the preferred location would be the Basecase option. 

 

Conclusion 

Based on the findings from the air quality impact assessment it is the specialist opinion that the project may be authorised 

provided that the recommended air quality management and mitigation measures are implemented to ensure the lowest 

possible impact on nearby AQSRs and the environment. 

 

The recommended air quality management measures include:  

• Good engineering practices to be considered during the design of the HLF to ensure minimum emissions to air 

during the operations. The main source of emissions will be the primary and secondary crushers and screen, and 

the material transfer points.   

• The Australian National Pollutant Inventory (NPI) provides the following mitigation measures and control efficiencies 

for crushing operations: 

o 65% for hooding with cyclones. 

o 75% for hooding with scrubbers. 

o 83% for hooding with fabric filters. 

o 100% enclosed or underground. 

• For materials handling, specifically during stacking and reclaiming, 25% CE can be achieved with variable height 

stacker and 75% CE using a telescopic chute with water sprays.  

• It is understood that a Pilot Plant is considered to precede the HLF operations. This would provide an ideal 

opportunity to monitor the impacts from the operations by installing dustfall units downwind of the HL pad, the HL 

waste stockpile, the crushers, and conveyors, and to conduct acid mist sampling during the leaching process.  

• It is further recommended that the effect of the WRD on localised (micro-climate) wind speeds and direction be 

determined though specialised modelling to assess the effectiveness of the WRD to act as a wind shield for the 

preferred HLF location. 

• Husab Mine operates an extensive ambient air quality monitoring network, and data from this network (both PM 

concentrations and dustfall results) should be used to tract the impact from the proposed HL project as well as 

ensure increased concentrations and dustfall rates do not exceed the relevant AQOs. In addition, the Acid Mist 

sampling campaigns currently being conducted bi-annually around the SATP, should be expanded to cover at least 

four (4) locations around the HL pad and HL ponds to ensure the acid mist concentrations are as low as expected. 

Should the monitoring data indicate high concentrations and dustfall rates, the source(s) of emissions should be 

identified, and additional mitigation measures applied.    
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1 INTRODUCTION 

 

Swakop Uranium (SU) plans to establish a Heap Leach Facility (HLF) at Husab Uranium Mine (Husab) to further extract 

available uranium from the Husab operations’ low-grade run-of-mine material. The low-grade material is regarded unsuitable 

for treatment through the newly constructed Tank Leach Facility (TLF). The heap leach (HL) process will comprise of the 

following operations:  

1. Crushing, Screening and Agglomeration  

2. Reagent Storage  

3. Heap Leach, Solution Handling and Reclamation  

4. Leach Waste Storage  

5. Services and Utilities  

6. TLF Interfacing  

7. The proposed Heap Leach Project will affect the TLF and utilise the existing infrastructure installed as part of the 

TLF. 

 

Airshed Planning Professionals (Pty) Ltd (Airshed) was appointed by SLR Environmental Consulting (Namibia) (Pty) Ltd (SLR) 

to undertake an air quality impact assessment for the proposed HLF. The objective of the investigation is to assess the possible 

additional and cumulative air pollution impacts from Husab Mine as a result of the HLF and to determine the best location for 

the facility from an air quality perspective. Four possible locations for the HLF locations are considered of which the Basecase 

is the preferred option, and Option G, Option H and Option K are alternative locations. The Basecase was quantitatively 

assessed with Options G, H and K qualitatively assessed, accounting for the current mining activities, the state of air quality 

and the dispersion potential at Husab Mine.  

 

The investigation followed the methodology required for a specialist impact assessment report. 

 

1.1 Terms of Work 

 

To meet the study objective, the following tasks were addressed: 

 

1. A baseline air quality characterisation, including the assessment of: 

• The regional climate and site-specific atmospheric dispersion potential using available meteorological data, 

• Preparation of hourly average meteorological data for the model input, 

• Characterisation of ambient air quality in the area based on available measured ambient data recorded, and 

• Updating the legislative and regulatory context. 

2. An air impact assessment including the following: 

• Compilation of an air emissions inventory, comprising the identification and quantification of all potential routine 

sources of emission from the proposed HLF, 

• Dispersion simulations of ambient respirable particulate concentrations from the proposed activities, 

• Analysis of dispersion modelling results from the proposed operations, 

• Evaluation of potential for human health and environmental impacts, and 

• Recommendation of mitigation measures on main sources of impact where required. 

3. Specialist air impact assessment report. 
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1.2 Background 

 

Husab Mine is located approximately 5 km south of the Rössing Uranium Mine, which is about 15 km to the southeast of the 

town of Arandis and near the Khan River in the Erongo region of Namibia. The mine site is situated in the northern most part 

of the Namib Naukluft National Park, in an area of relatively high biodiversity. Sensitive receptors in the area include a major 

tourism attraction, the Big Welwitschia (Welwitschia miräbilis) located about 8.5 km south of the site. The nearest residential 

areas, such as the farm Palmenhorst and Hildenhof, are more than 10 km away. Husab Mine’s location within the regional 

context, in relation to other mines; roads and settlements are shown in Figure 1. 

 

Operations at Husab Mine include surface mining of uranium bearing ore, ore processing plant, a Sulphuric Acid Treatment 

Plant (SATP) for the production of sulfuric acid used in the ore treatment process, a tailings storage facility (TSF), two pit 

zones (Zone 1 and 2) and a waste rock dump (WRD). Mining operations commenced in April 2014, but the processing plant 

was only commissioned mid-2016.  

 

The main pollutants of concern, from an air quality perspective, associated with mining operations are particulate matter (PM), 

including Total Suspended Particulates (TSP), thoracic particles (with an aerodynamic diameter of less than 10 µm (PM10)) 

and respirable particles (with an aerodynamic diameter of less than 2.5 µm (PM2.5)). PM10 and PM2.5 pose a health risk to the 

surrounding communities whereas dustfall (TSP) is of concern due to its nuisance effects. Dust producing activities comprise 

open-pit mining operations (Zone1 and 2), including drilling and blasting, excavation of ore and waste rock, and hauling of ore 

to the run-of-mine (ROM) pad or relevant ore stockpiles and waste rock to waste dumps (WRDs). During processing, ore is 

stockpiled, crushed, screened and leached. Gaseous emissions released during ore processing and sulfuric acid production, 

as well as from diesel powered equipment include sulfur dioxide (SO2), oxides of nitrogen (NOx), carbon monoxide (CO), 

volatile organic compounds (VOCs), sulfur trioxide (SO3) and diesel particulate matter (DPM). The SATP is designed to 

process 15 million tonnes of ore per annum (Mtpa) at an average grade of 512 gram per ton of triuranium octoxide (U3O8), 

and approximately 7 000 tons per annum of uranium oxide at a recovery rate of 91.7%. 

 

An air quality impact assessment was conducted for the mine in 2020 and completed in March 2021 (Airshed, 2021), reflecting 

impacts from mining and processing for the operational year 2019. The study included a comprehensive atmospheric 

emissions inventory addressing all sources of emission at the mine (i.e. drilling and blasting, crushing and screening, materials 

handling, unpaved roads, windblown dust from stockpiles; conveyor; WRD and TSF, vehicle exhaust, and plant stacks), and 

all associated pollutants (i.e. SO2, NOx, CO, DPM, SO3, VOCs and TSP, PM10, and PM2.5). All gaseous emissions (i.e. SO2, 

NOx, CO, DPM, SO3 and VOCs) resulted in low ground level concentrations (GLCs) well within the screening criteria outside 

the mine license boundary and at the air quality sensitive receptors (AQSRs). PM10, and PM2.5 GLCs were however in 

exceedance of the relevant air quality objectives (AQO) for the Erongo Region off-site, but not at any of the AQSRs. Simulated 

dustfall rates were high on-site but low and well within the respective AQOs outside the mine license boundary and AQSRs.   

 

Husab Mine operates an extensive air quality monitoring network comprising of 33 single dustfall units, tow (2) PM10 samplers 

(increased to 5 in 2020) and one (1) PM2.5 sampler, and an on-site meteorological station. In addition, passive sampling 

campaigns are conducted bi-annually on SO2/NOx and VOCs, as well as acid mist sampling around the SATP. Results from 

the monitoring network is discussed in Section 3.3.2. 
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Figure 1:  Location of Husab Uranium Mine in relation to other mines and sensitive receptors in the Region
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1.3 Heap Leach Process Description 

 

Available uranium (U) in the Low-grade run-of-mine (ROM) material, regarded unsuitable for treatment through the newly 

constructed Tank Leach Facility (TLF), will be extracted through a heap leaching process. The Low-grade ROM will undergo 

primary crushing and thereafter secondary crushing and screening, from where it will be stored in silos. The material will then 

go to the final High-Pressure Grind Rolls (HPGR) crushing process, from where it is fed to an agglomeration drum where 

additional leach agents (flocculant, hydrogen peroxide, and sulphuric acid) are added. The agglomerated product is then 

conveyed via overland conveyor to the HL pad (SGS Bateman, 2021).   

 

The HL pad will be designed to ensure optimal size for full leaching and reclamation cycle of the material. According to the 

SGS Bateman study (2021), the HL pad will consist of six cells for the stacking, leaching, drain down, rinse, and reclamation 

operations, as well as a dormant cell to allow flexibility in the operation. The HL pad will have a capacity of 7.5 million tonnes 

per annum (tpa), covering an area of 261 000 m² (450 m by 580 m) and a height of 8 m. One HL cycle will take 100 days 

resulting in 6.21 cycles per year – each cycle will include 17 days for stacking, 3 days for curing; surface piping and pipe 

laying, the leaching process will take 50 days whereafter 2 days for washing, 8 days for draining, 3 days for piping and network 

removal, and 17 days for reclamation. 

 

The post leach residue will be collected with a bucket onto a conveyor system which will transport it to a dedicated waste 

storage facility where it will be deposited by means of a grass-hopper stacker. The waste storage facility will be 70 m high, 

with benches every 15 m accommodating 375 000 tpa of leach residue (SGS Bateman, 2021). According to the Golder report 

(2017), the chemical composition of the waste material includes solids with low leachability and comprise of silica (34-35%), 

aluminium (5.8-6.2%), iron (2.2%), sodium (1.6-1.7%) and potassium (4.1-5.4%). However, these chemical elements, 

including in its current form (solids, low leachability), do not constitute a health risk. 

 

Sulphuric acid storage will accommodate 1 080 tonnes of acid per HL cycle, with the sulphuric acid delivered with 30-ton 

tankers over a three-day period during each HL cycle.  

 

 

Figure 2: Process Block Flow Diagram (SGS Bateman, 2021)  
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1.3.1 Heap Leach Location Options 

The Basecase location and the two alternative locations for the HL pad (HLF) considered are shown Figure 3 (only the 

locations of the HL pads are shown and not the detail of the supporting infrastructure). 

1. Basecase: the HL pad is on the eastern side of the mining site, directly to the east of the WRD with an almost north 

to south orientation. The HL pad, ponds and post leach residue (waste) will be located adjacent to the WRD (taking 

cognisance of the proposed Amendment WRD design and Husab Drainage line to be diverted as per the 2018 EIA 

amendment). The Primary crusher is located at the Low-grade Stockpile. From the Primary crusher the ore is 

transferred via an overland conveyor to the Secondary crusher and screen which is located on the southern side of 

the WRD, and then to the HPGR crusher and screen whereafter the ore is conveyed to the HL pad. The waste 

storage facility is located to the north of the HL pad, on the north-eastern side of the WRD. 

2. Option G: the HL pad is to the south-west of the WRD, with a west-northwest to east-southeast orientation. The 

Primary crusher is at the low-grade stockpile with the Secondary crusher and screen further south followed by the 

HPGR crusher and screen about halfway between the low-grade stockpile and HL pad. Ore is transferred via an 

overland conveyor. The waste storage facility is further away from the HL Pad, located on the southern side of the 

WRD, also connected via an overland conveyor. 

3. Option H: the HL pad is to the south-east of the Plant and north of the TSF, with a northeast to southwest orientation. 

The Primary crusher remains at the low-grade stockpile with the Secondary crusher and screen further south to the 

east of the Plant, and the HPGR crusher and screen located where the conveyor makes a turn towards the HL Pad 

(in a south-westerly direction). Ore is transferred via an overland conveyor. The waste storage facility is located to 

the southeast of the HL pad (where Option G is for the HL pad).  

4. Option K: the HL pad is in a similar location as for Option G but located closer to the WRD and at a slightly different 

angle in order to fall outside the “no go” zone. The Primary crusher remains at the low-grade stockpile with the 

Secondary crusher and screen further south to the east of the Plant, and the HPGR crusher and screen located 

where the conveyor makes a turn towards the HL Pad (in a south-westerly direction). Ore is transferred via an 

overland conveyor to the HL pad. The waste storage facility is located to the southeast of the WRD with an overland 

conveyor transporting the waste to the waste storage facility.  
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Figure 3: Heap Leach location options 

 

1.4 Study Approach  

 

The study followed a quantitative approach for the Basecase HLF location since a detailed site layout for this option was 

available, whereas the two alternative locations were qualitatively assessed. The air quality study includes both baseline and 

simulated impact assessment. The approach and methodology for tasks are provided in the subsequent sections. 

 

Information used in the assessment include description and emissions from typical HL operations, information on the proposed 

design (SGS Bateman, 2021) (Golder Associates, 2017), and the air quality study recently completed for Husab Mine (Airshed, 

2021). 

 

1.4.1 Legal Review 

A study of legal requirements pertaining to Namibian air quality, including both emission limits and ambient air quality 

standards and guidelines. National and international standards and guidelines will be referenced, including but not limited to 

the World Health Organisation (WHO); United States Environmental Protection Agency (US EPA), European Community, 

Namibia and South Africa. 

 

1.4.2 Receiving Environment. 

1.4.2.1 Air Quality Sensitive receptors 

Air quality sensitive receptors (AQSRs) are identified based on human exposure where the public is exposed to ambient air 

quality impacts from the project. This included the identification of all dwellings, farmsteads, residential areas and tourist 

locations as identified during the baseline air quality study for Husab Mine (Airshed, 2021). 
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1.4.2.2 Climate and Atmospheric Dispersion Potential 

It is important to have a good understanding of the meteorological parameters governing the rate and extent of dilution and 

transportation of air pollutants that are generated by the proposed project. The primary meteorological parameters to obtain 

from measurement include wind speed, wind direction and ambient temperature. Other meteorological parameters that 

influence the air concentration levels include rainfall (washout) and a measure of atmospheric stability. The latter quantities 

are normally not measured and are derived from other parameters such as the vertical height temperature difference or the 

standard deviation of wind direction. The depth of the atmosphere in which the pollutants are able to mix is similarly derived 

from other meteorological parameters by means of mathematical parameterizations. 

 

On-site meteorological data is preferred with a minimum requirement of hourly averaged wind speed, wind direction and 

ambient air temperature. For this assessment use was made of on-site meteorological data measured at the Marble Ridge 

station for the period 2017-2019. This data was used to construct wind roses, general climatic information such as diurnal 

temperature variations, atmospheric stability estimates and for dispersion modelling. 

 

1.4.2.3 Existing Sources of Emissions and Ambient Air Quality 

Available ambient air quality data from Husab Mine air quality monitoring network and sampling campaigns for PM, SO2, NO2, 

VOCs, dustfall levels and Acid Mist results were included.  

 

1.4.3 Impact Assessment 

The impact assessment followed the tasks below: 

• Preparation of the model input files compilation of: 

o topographical information (SRTM1 from the United States Geological Survey at 

https://earthexplorer.usgs.gov was used in the model); 

o surrounding information (land use, albedo and surface roughness); 

o site layout and source locations; and 

o grid definitions. 

• Preparation of hourly average meteorological data for the wind field and atmospheric dispersion model. 

• Preparation of an emissions inventory for the proposed operations. Project operations result primarily in fugitive 

particulate emissions with gaseous emissions due to potential evaporation losses and from existing point sources, 

which was addressed as part of the baseline. Fugitive emissions refer to emissions that are spatially distributed over 

a wide area and not confined to a specific discharge point as would be the case for process related emissions (IFC, 

2007). In the quantification of fugitive dust, use was made of emission factors which associate the quantity of a 

pollutant with the activity associated with the release of that pollutant. Emissions were calculated using a 

comprehensive set of emission factors and equations as published by the United States Environmental Protection 

Agency (US EPA) and Australian National Pollutant Inventory (NPI). 

• Pollutants quantified were limited to particulate matter (TSP, PM10 and PM2.5). Gaseous emissions (SO2, NO2 and 

CO) from the existing mining operations were found to be trivial in relation to particulate emissions, and the 

contribution from the HLF would be insignificantly low. 

• Dispersion models simulate ambient pollutant concentrations and dustfall rates as a function of source 

configurations, emission strengths and meteorological characteristics, thus providing a useful tool to ascertain the 

spatial and temporal patterns in the ground level concentrations arising from the emissions of various sources. 

Increasing reliance has been placed on concentration estimates from models as the primary basis for environmental 

and health impact assessments, risk assessments and emission control requirements. It is therefore important to 

carefully select a dispersion model for the purpose. 
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• Using the emissions inventory where the emissions were quantified for project operations, simulations were 

conducted using the ADMS dispersion model, which allowed the calculations of the ambient inhalable concentrations 

from the project operations. 

• The legislative and regulatory context, including emission limits and guidelines, ambient air quality guidelines and 

health effect screening levels were used to assess the impact and recommend air quality management plans to 

maintain the impact of air pollution to acceptable limits in the study area. Husab Mine adopted the Erongo Region 

AQOs (Section 2.1) and the model results were analysed against these AQOs. 

 

1.4.3.1 Dispersion Modelling 

For the purpose of the current study, it was decided to use the Atmospheric Dispersion Modelling System (ADMS) developed 

by the Cambridge Environmental Research Consultants (CERC). CERC was established in 1986, with the aim of making use 

of new developments in environmental research from Cambridge University and elsewhere for practical purposes. CERC's 

leading position in environment software development and associated consultancy has been achieved by encapsulating 

advanced scientific research into a number of computer models which include ADMS 5. This model simulates a wide range 

of buoyant and passive releases to the atmosphere either individually or in combination. It has been the subject of a number 

of inter-model comparisons (CERC, 2000), one conclusion of which is that it tends provide conservative values under unstable 

atmospheric conditions in that it predicts higher concentrations than the older models close to the source.  

 

ADMS 5 is a new generation air dispersion model which differs from the regulatory models traditionally used in a number of 

aspects, the most important of which are the description of atmospheric stability as a continuum rather than discrete classes  

(the atmospheric boundary layer properties are described by two parameters; the boundary layer depth and the Monin-

Obukhov length, rather than in terms of the single parameter Pasquill Class) and in allowing more realistic asymmetric plume 

behaviour under unstable atmospheric conditions. Dispersion under convective meteorological conditions uses a skewed 

Gaussian concentration distribution (shown by validation studies to be a better representation than a symmetric Gaussian 

expression).  

 

ADMS 5 is currently used in many countries worldwide and users of the model include Environmental Agencies in the UK and 

Wales, the Scottish Environmental Protection Agency (SEPA) and regulatory authorities including the UK Health and Safety 

Executive (HSE).  Concentration and deposition distributions for various averaging periods may be calculated.  It has general ly 

been found that the accuracy of off-the-shelf dispersion models improve with increased averaging periods.  The accurate 

prediction of instantaneous peaks is the most difficult and are normally performed with more complicated dispersion models 

specifically fine-tuned and validated for the location.  For the purposes of this report, the shortest time period modelled is one 

hour. 

 

1.4.3.2 Source and Emission Data Requirements 

ADMS 5 model is able to model point, jet, area, line and volume sources. Sources were modelled as follows: 

• Stacks – modelled as point sources; 

• Unpaved roads – modelled as area sources; 

• Wind erosion – modelled as area sources; 

• Materials handling and crushing and screening – modelled as volume sources; and 

• In-pit (including drilling) and blasting – modelled as area sources.  

 

1.4.3.3 Modelling Domain 

The dispersion of pollutants expected to arise from proposed activities was modelled for an area covering 40 km (east-west) 

by 40 km (north-south). The area was divided into a grid matrix with a resolution of 400 m, with the Project located centrally. 
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ADMS 5 calculates ground-level (1.5 m above ground level) concentrations and dustfall rates at each grid and discrete receptor 

point. 

 

1.4.4 Presentation of Results 

Dispersion simulation was undertaken to determine highest daily and annual average ground level concentrations for PM10 

and PM2.5, and daily and annual average dustfall rates. These averaging periods were selected to facilitate the comparison of 

simulated pollutant concentrations with Erongo Region AQOs. 

 

Ground level concentration (GLC) isopleths plots presented in this section depict interpolated values from the concentrations 

simulated by the model ADMS for each of the receptor grid points specified. Plots reflecting daily and averaging periods 

contain only the 99.99th percentile of predicted ground level concentrations, for those averaging periods, over the entire period 

for which simulations were undertaken. It is therefore possible that even though a high hourly (daily) average concentration is 

predicted to occur at certain locations, that this may only be true for one hour (day) during the year. 

 

It should also be noted that ambient air quality guidelines and limits are not occupational health indicators but applicable to 

areas where the general public has access i.e. off-site (outside the mining license boundary). 

 

1.4.4.1 Uncertainty of Modelled Results 

There will always be some error in any geophysical model; however, modelling is recognised as a credible method for 

evaluating impacts, but it is desirable to structure the model in such a way to minimise the total error. A model represents the 

most likely outcome of an ensemble of experimental results. The total uncertainty can be thought of as the sum of three 

components: the uncertainty due to errors in the model physics; the uncertainty due to data errors; and the uncertainty due to 

stochastic processes (turbulence) in the atmosphere. 

 

The stochastic uncertainty includes all errors or uncertainties in data such as source variability, observed concentrations, and 

meteorological data. Even if the field instrument accuracy is excellent, there can still be large uncertainties due to 

unrepresentative placement of the instrument (or taking of a sample for analysis). Model evaluation studies suggest that the 

data input error term is often a major contributor to total uncertainty. Therefore, accurate input data is essential. 

 

A disadvantage of the model is that spatial varying wind fields, due to topography or other factors cannot be included. The 

model has been shown to be an improvement on the ISC model, especially for short-term predictions. The accuracy improves 

with fairly strong wind speeds and during neutral atmospheric conditions. 

 

1.4.5 Assumptions and Limitations 

The main assumptions, exclusions and limitations are summarised below: 

• Project information required to calculate emissions for Project operations were provided by SU. Where necessary, 

assumptions were made based on common industry practice and experience. 

• Only routine emissions for the operational phase were estimated and simulated. Atmospheric releases occurring as 

a result of non-routine conditions (such as occasional vehicular movement on unpaved roads) were not accounted 

for. These non-routine releases are expected to be minimal. 

• Only the Basecase location was quantitatively assessed, with the two alternative location options qualitatively 

assessed based on the results from the Basecase. 

• Emission factors were used to estimate all fugitive and processing emissions resulting from the proposed HL 

process. These emission factors generally assume standard operating conditions. Design figures were used in the 

emissions quantification.  
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• Hourly meteorological data for the period 2017 to 2019 from the Husab Mine Marble Ridge weather station was 

utilised for the study. 

• The impact assessment was limited to airborne particulates (including TSP, PM10 and PM2.5). Gaseous pollutants 

including acid mist from the HLG are regarded to be low. 

• Dispersion models cannot compute real time impacts, hence maximum design rates were utilised to reflect 

incremental (HL process emissions only) concentrations for both 24-hour and annual averages, and cumulative 

impacts (HL process and Husab Mining emissions) as annual averages. Short-term (24-hour) cumulative simulations 

were not possible since the HL process is a batch process, running over a period of 100 days, with different activities 

during the cycle resulting in varying emission rates. Thus, assuming all activities to be continuous would result in 

and over-estimation and averaging the emissions would result in an under-estimation over the short-term.   

• There will always be some degree of uncertainty in any geophysical model, but it is desirable to structure the model 

in such a way to minimize the total error. A model represents the most likely outcome of an ensemble of experimental 

results. The total uncertainty can be thought of as the sum of three components: the uncertainty due to errors in the 

model physics; the uncertainty due to data errors; and the uncertainty due to stochastic processes (turbulence) in 

the atmosphere. Nevertheless, dispersion modelling is generally accepted as a scientific and valuable tool in air 

quality management.   
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2 REGULATORY REQUIREMENTS 

 

Air quality guidelines and standards are fundamental to effective air quality management, providing the link between the source 

of atmospheric emissions and the user of that air at the downstream receptor site. Air quality guidelines and standards are 

based on benchmark concentrations that normally indicate safe daily exposure levels for the majority of the population, 

including the very young and the elderly, throughout an individual’s lifetime. 

 

The Namibian Atmospheric Pollution Prevention Ordinance (No. 11 of 1976) does not include any ambient air standards to 

comply with, only prescribing opacity guidelines for smoke under Schedule 1. It is implied that the Director2 provides air quality 

guidelines for consideration during the issuing of Registration Certificates. Registration Certificates are only issued for 

“Scheduled Processes” which are processes resulting in noxious or offensive gasses and typically pertain to point source 

emissions. The Ordinance defines a range of pollutants as noxious and offensive gasses, but air pollution guidelines are 

usually primarily for criteria pollutants namely, SO2, NOx, CO, ozone (O3), lead and particulate matter. No ambient air quality 

guidelines or standards and emission limits exist for Namibia. The recently published Public and Environmental Health Act 1 

of 2015 provides “a framework for a structured uniform public and environmental health system in Namibia; and to provide for 

incidental matters”. The act identifies health nuisances, such as chimneys sending out smoke in quantities that can be 

offensive, injurious or dangerous to health and liable to be dealt with. The recently published “Best Practice Guide for the 

Mining Sector in Namibia” (NCE, 2020) serves as a guiding framework during all mining phases to effectively assess aspects 

such as environmental and social impacts. The report lists air quality as an environmental risk and provides examples of 

sources and activities that would result in particulate and gaseous emissions and gives guidance on management and control 

of these source activities.  

 

Air pollution guidelines are provided by various countries and organisations for a number of criteria pollutants namely, SO 2, 

NOx, CO, O3, lead and particulate matter. In the absence of guidelines for particulate concentrations for Namibia, reference is 

made to the Air Quality Objectives (AQOs) adopted as part of the local Erongo Strategic Environmental Management Plan 

(SEMP) Air Quality Management Plan (AQMP) (Liebenberg-Enslin, et al., 2019). These AQOs are based on the World Health 

Organisation (WHO) interim targets (WHO, 2005) and South African (SA) National Ambient Air Quality Standards (NAAQSs) 

of 2009. These are also listed in the Best Practice Guide as the air quality guidelines to be used as the necessary performance 

indicators for the Region (NCE, 2020). 

 

2.1 Air Quality Objectives for Husab Mine 

 

The IFC references the WHO guidelines but indicates that any other internationally recognized criteria can be used such as 

the US EPA or the European Commission (EC). It was however found that merely adopting the WHO guidelines would result 

in potential non-compliance in many areas due to the arid environment in the country, and specifically the Erongo Region. The 

WHO states that these AQG and interim targets should be used to guide standard-setting processes and should aim to achieve 

the lowest concentrations possible in the context of local constraints, capabilities, and public health priorities. The WHO 

guidelines are also aimed at urban environments within developed countries (WHO, 2005). For this reason, the South Africa’s 

NAAQSs are referenced because these were developed after a thorough review of all international criteria and selected based 

on the socio, economic and ecological conditions of the country. For example, the South African NAAQS for SO2 over a 24-

hour average is the same as the EC limit and the WHO IT-1 of 125 µg/m³. The US EPA and Australian ambient air quality 

standards are more lenient, viz. 365 µg/m³ and 209 µg/m³ for 24-hour averages, whereas the WHO IT-2 (50 µg/m³) and Air 

Quality Guidelines (20 µg/m³) are more stringent. It is best practice (according to the IFC) that a specific industry only 

 
2 Director means the Director of Health Services of the Administration, and, where applicable, includes any person who, in terms of any 
authority granted to him under section 2(2) or (3) of the Ordinance.  
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contributes 25% of the applicable air quality standards to allow for additional, future sustainable development in the same 

airshed.  

 

The proposed AQOs, taken from the various international criteria such as the WHO interim targets, the South African NAAQSs 

and Botswana’s dust deposition limits, are provided in Table 1. The criteria were selected on the following basis: 

• Measured PM10 data as part of the Strategic Environmental Assessment (SEA) (Liebenberg-Enslin, et al., 2019) 

indicated the South African NAAQSs for PM10 to be the most appropriate limit for the region. Known contributions 

from natural sources/events to PM10 concentrations, that cannot be managed or controlled, were accounted for in 

the setting of the AQO for the Erongo region – the European air quality directive allows for the subtraction of natural 

contribution to PM10 (RIVM, 2012). In the Erongo Region, two primary natural sources/events have been identified 

– windblown dust during East-wind conditions, and sea salts from the ocean.  

• Even though PM2.5 emissions are mainly associated with combustion sources and mainly a concern in urban 

environments, it is regarded good practice to include it as health screening criteria given the acute adverse health 

effects associated with this fine fraction. Also, studies found that desert dust with an aerodynamic diameter 2.5 μm 

cause premature mortality. Based on measured PM2.5 data as part of the SEA, the WHO Interim-Target 3 (WHO-

IT3) was selected as the AQO. 

• For SO2, there is no WHO-IT3, and the Interim-Target 2 (IT2) was selected since the WHO states: “This would be a 

reasonable and feasible goal for some developing countries (it could be achieved within a few years) which would 

lead to significant health improvements that, in turn, would justify further improvements (such as aiming for the AQG 

value)”. 

• The WHO provides no interim targets for NO2. The AQGs are in line with the South African NAAQSs and therefore 

regarded as achievable limits. 

• Criteria for the evaluation of dustfall rates are not available from the United States Environmental Protection Agency 

(US EPA), European Union (EU), World Health Organisation (WHO), or the World Bank Group (WBG). South Africa, 

however, has National Dust Control Regulations3 (NDCR) for maximum monthly dustfall given of 600 mg/m²/day for 

residential areas, 1 200 mg/m²/day for non-residential (industrial) areas, with the Botswana regulations including an 

alert threshold of 2 400 mg/m²/day4. These standards have been adopted by the Botswana Bureau of Standards as 

dust deposition evaluation criteria (BOS 498:2012) for Botswana. Hence, these standards were adopted as criteria 

for the Husab Mine due to the similar environmental, social and economic situation to these countries. 

The proposed evaluation criteria as set out in Table 1are intended to be used as indicators during the baseline monitoring. 

Occupational exposure limits have been published by various international organizations, including the National Institute for 

Occupational Safety and Health (NIOSH) and the Occupational Safety and Health Administration. These organizations publish 

various exposure limits including the occupational exposure limit (OEL) and the Short-term exposure limit (STEL) for volatile 

acids (Hydrogen chloride – HCl, Hydrogen bromide – HBr, Nitric acid – HNO3) and non-volatile acids (sulfuric acid – H2SO4, 

and phosphoric acid – H3PO4) as shown in Table 2. 

 

  

 
3 Government Gazette, Notice 309 of 2011, 27th of May 2011. 
4 BOS 498: 2012 
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Table 1: Proposed evaluation criteria for Husab Mine 

Pollutant Averaging Period Criteria Reference 

NOx 1-hour average (µg/m³) 200(a) WHO AQG & EC & SA NAAQS 

Annual average (µg/m³) 40 WHO AQG & EC & SA NAAQS 

SO2 1-hour average (µg/m³) 350(a) EC Limit & SA NAAQS (no WHO guideline) 

24-hour average (µg/m³) 50(b) WHO IT2 (seen as a per 40% of the SA and EC limits)   

Annual average (µg/m³) 50 SA NAAQS (no WHO guideline) 

Particulate matter  

(PM10) 

24-hour average (µg/m³) 75(b) WHO IT3 & SA NAAQS (as per SEMP AQMP) 

Annual average (µg/m³) 40 SA NAAQS (as per SEMP AQMP) 

Particulate matter  

(PM2.5) 

24-hour average (µg/m³) 37.5(b) WHO IT3 & SA NAAQS (as per SEMP AQMP) 

Annual average (µg/m³) 15 WHO IT3 (as per SEMP AQMP) 

Dustfall 30-day average 

(mg/m2/day) 

600(c) SA NDCR & Botswana residential limit 

1 200(c) SA NDCR & Botswana industrial limit 

2 400 Botswana Alert Threshold  

Notes: (a) Not to be exceeded more than 88 hours per year (SA) 

 (b) Not to be exceeded more than 4 times per year (SA) 

 (c) Not to be exceeded more than 3 times per year or 2 consecutive months 

 

Table 2: Exposure limits for volatile and non-volatile acids published by NIOSH and OSHA 

Volatile acids and  
non-volatile acids 

Exposure Limits (mg/m3) 

OSHA OEL NIOSH OEL NIOSH STEL 

HCl 7 7 - 

HBr 10 10 - 

HNO3 5 5 10 

H3PO4 1 1 - 

H2SO4 1 1 3 

 

2.2 Emission Guidelines 

 

Emission guidelines are applicable point sources. Point sources currently operational at Husab Mine are the SATP and the 

Dryer and Calciner plant. Although the SATP is producing the sulphuric acid to be used in the HL process, it is an existing 

source of emissions. The Dryer and Calciner plants are also an existing source with no direct link to the HL project. 

 

The Namibian Atmospheric Pollution Prevention Ordinance (No. 11 of 1976) lists Sulphuric Acid Manufacture as Scheduled 

Process no. 1. This applies to the manufacturing of sulphuric acid. There are however no emission guidelines associated with 

the Scheduled Processes. 

 

The South African National Environmental Management Air Quality Act (NEMAQA) (Act No. 39 of 2004) published a list of 

activities which result in atmospheric emissions and which is believed to have significant detrimental effects on the 

environment and human health and social welfare. The Listed Activities and Minimum National Emission Standards were 

published on the 22nd November 2013 (Government Gazette, 2013).  

 

Production of Acids is a Listed Activity in South Africa (Subcategory 7.2) and is subject to the following description:  

• The production, bulk handling and or use in manufacturing of hydrofluoric, hydrochloric, nitric and sulfuric acid 

(including oleum) in concentration exceeding 10%.  
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• Processes in which oxides of sulphur are emitted through the production of acid sulphites of alkalis or alkaline earths 

or through the production of liquid sulphur or sulphurous acid.  

• Secondary production of hydrochloric acid through regeneration. 

 

This is applicable to all installations producing, handling and or using more than 100 tons per annum of any of the above lis ted 

compounds. Minimum emission standards (MES) for the Production of Acids applicable to a number of pollutants are listed in 

Table 3. The emission limits are for New Plant status, applicable to all facilities operational after 1 April 2010. The emission 

limits are included as a guideline for the operations at the Husab Mine SATP.  

 

Table 3: South Africa Listed Activity Subcategory 7.2:  Production of Acids 

Substance or mixture F as HF (a) HCl (b) HCl (c) SO2 SO3 (d) NOx 

mg/Nm3 under normal conditions of 
273 Kelvin and 101.3 kPa. 

5 15 30 350 25 350 

Notes:  

(a) Total fluoride measured as Hydrogen Fluoride (from processes in which HF is evolved) 

(b) Hydrogen chloride (from primary production of hydrochloric acid) 

(c) Hydrogen chloride (from secondary production of hydrochloric acid) 

(d) Sulphuric acid mist and sulphur trioxide expressed as SO3 (from processes in which SO3 is evolved). 
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3 DESCRIPTION OF THE BASELINE ENVIRONMENT 

 

3.1 Site Description 

 

AQSRs primarily relate to where people reside. The closest settlements to the mine are the town of Arandis and the farms 

Palmenhorst and Hildenhof. The main towns in the region are Walvis Bay, Swakopmund and Arandis. Other locations include 

tourist sites such as the Swakop River Campsite and Ida Camp. All identified AQSRs are listed in Table 4, indicting the 

distance and direction from Husab Mine, with Figure 4 providing the spatial context for the closest AQSRs. 

 

Table 4: Identified Air Quality Sensitive Receptors in relation to Husab Mine 

AQSR 
Distance and Direction from 

Husab Mine 
AQSR 

Distance and Direction from 

Husab Mine 

Arandis 15 km, to the north-northwest Palmenhorst 14 km, to the southwest 

Swakopmund 48 km, to the west Hildenhof 13.6 km, to the southwest 

Walvis Bay 62 km, to the southwest Swakop River Campsite 10.6 km to the south-southwest 

Long Beach 61 km, to the west-northwest Ida Campsite 16.5 km, to the south 

Goanikontes 20 km, to the west-southwest Welwitschia Flats  3.5 km, to the south-southwest 

 

The Khan River separates the Husab Mine from Rössing Uranium Mine and the Husab Mountain forms a significant ridge to 

the southeast. These topographical features, together with the land-sea interaction from the Atlantic Ocean with the dry desert 

environment, influence the local dispersion potential of the site. 

 

 

Figure 4: Identified air quality sensitive receptors, mining, and exploration activities within the region 
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3.2 Atmospheric Dispersion Potential 

 

Meteorological mechanisms govern the dispersion, transformation and eventual removal of pollutants from the atmosphere.  

The extent to which pollution will accumulate or disperse in the atmosphere is dependent on the degree of thermal and 

mechanical turbulence within the earth’s boundary layer. Dispersion comprises vertical and horizontal components of motion. 

The stability of the atmosphere and the depth of the surface-mixing layer define the vertical component. The horizontal 

dispersion of pollution in the boundary layer is primarily a function of the wind field. The wind speed determines both the 

distance of downwind transport and the rate of dilution as a result of plume ‘stretching’. The generation of mechanical 

turbulence is similarly a function of the wind speed, in combination with the surface roughness. Pollution concentration levels 

therefore fluctuate in response to changes in atmospheric stability, to concurrent variations in the mixing depth, and to shi fts 

in the wind field. 

 

3.2.1 Surface wind field 

The horizontal dispersion of pollution is largely a function of the wind field. The wind speed determines both the distance o f 

downwind transport and the rate of dilution of pollutants. The generation of mechanical turbulence is similarly a function of the 

wind speed, in combination with the surface roughness. A summary of the January 2017 to December 2019 meteorological 

data is provided in Table 5. Data availability for the Marble Ridge weather station represent 100% availability for the period 

2017 – 2019.  

 

Table 5: Data availability on wind- speed and direction for the period 2017 - 2019 

Parameter Unit Marble Ridge 

Data Availability - Wind Speed  % 100 

Wind Speed (minimum) m/s 0.0 

Wind Speed (maximum) m/s 18.2 

Wind Speed (average) m/s 3.1 

Wind Speed > 5.4 m/s % 15 

Data Availability Wind Direction % 100 

Wind Direction (minimum) degrees 0.0 

Wind Direction (maximum) degrees 360 

Note: Data availability was assessed based on the period during which data was recorded. 

  

Period and diurnal wind roses drawn from the Marble Ridge weather station for the period 2017 – 2019 are shown in Figure 

5. Seasonal variations in the wind field are shown in Figure 6. The wind roses comprise 16 spokes, which represent the 

directions from which winds blew during a specific period. The colours used in the wind roses below, reflect the different 

categories of wind speeds; the yellow area, for example, representing wind speeds between 4 and 5 m/s. The dotted circles 

provide information regarding the frequency of occurrence of wind speed and direction categories. The frequency with which 

calms occurred, i.e. periods during which the wind speed was below 1 m/s are also indicated. 

 

From the Marble Ridge weather data (2017 – 2019), the wind field was dominated by winds from the southwest, west and 

northeast with less frequent, but strong winds from the northwest and very little from the southeast. An average wind speed 

of 3.4 m/s was measured over the period. Day-time wind field was similar to the periodic wind field, whereas the night-time 

wind rose reflected an increase in north-westerly winds and a decrease in airflow from the west. The night-time airflow was 

characterised by lower wind speeds. The expected difference between day and night due to the land-sea interaction is 

demonstrated in this data set.  
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Figure 5: Period, day- and night-time wind roses (Marble Ridge weather station data, 2017 - 2019) 

 

During summer, the prevalent winds occur from the west, west-northwest, west-southwest, northwest and southwest. The 

prevailing wind field during autumn occurs from the southwest and northeast, with less frequent winds from the west-southwest 

and western wind field. During winter season, the prevailing wind field also occurs from the southwest and a much stronger 

northeast component. The strongest winds occur from the northeast during this season, representing the so-called “Berg- or 

east-wind” conditions. An increase in the west-southwest and western wind field is observed during spring, with the prevalent 

wind from the southwest. 
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Figure 6: Seasonal wind roses (Marble Ridge weather station data, 2017 - 2019) 

 

3.2.2 Temperature 

Temperature data from the Marble Ridge weather station is presented in Table 6, with 99% data availability for temperature 

measurements. Air temperature has important implications for the buoyancy of plumes; the larger the temperature difference 

between the plume and the ambient air, the higher the plume can rise and disperse pollutants away from the release source. 

Temperature also provides an indication of the extent of insolation, and therefore, of the rate of development and dissipation 

of the mixing layer. 

 

Temperature profiles for Marble Ridge weather station is depicted in Figure 7 for the period January 2017 to December 2019. 

The data reflects very similar trends in diurnal and seasonal patterns. The highest temperatures recorded during the three-

year period was 41°C (November) with monthly averages reflecting August and September to be the coldest months and 

February, March, October, and November the hottest months of the year. 

 

Table 6: Monthly temperature summary (Marble Ridge weather station data, 2017 - 2019) 

Hourly Minimum, Hourly Maximum and Monthly Average Temperatures (°C) 

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

Minimum 12 11 11 8 9 8 7 6 5 8 9 10 

Average 20 21 23 24 24 21 21 18 18 20 21 21 

Maximum 32 39 39 38 37 35 34 36 37 39 41 33 
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Figure 7: Diurnal temperature profile (Marble Ridge weather station data, 2017 - 2019) 

 

3.2.3 Atmospheric Stability 

The new generation air dispersion models differ from the models traditionally used in a number of aspects, the most important 

of which are the description of atmospheric stability as a continuum rather than discrete classes. The atmospheric boundary 

layer properties are therefore described by two parameters; the boundary layer depth and the Monin-Obukhov length, rather 

than in terms of the single parameter Pasquill Class. The Monin-Obukhov length (LMo) provides a measure of the importance 

of buoyancy generated by the heating of the ground and mechanical mixing generated by the frictional effect of the earth’s 

surface. Physically, it can be thought of as representing the depth of the boundary layer within which mechanical mixing is the 

dominant form of turbulence generation (CERC, 2004). The atmospheric boundary layer constitutes the first few hundred 

metres of the atmosphere. During daytime, the atmospheric boundary layer is characterised by thermal turbulence due to the 

heating of the earth’s surface. Night-times are characterised by weak vertical mixing and the predominance of a stable layer. 

These conditions are normally associated with low wind speeds and lower dilution potential. 

 

The highest concentrations for ground level, or near-ground level releases from non-wind dependent sources would occur 

during weak wind speeds and stable (night-time) atmospheric conditions. For elevated releases, such as the SATP stack, 

unstable conditions can result in very high concentrations of poorly diluted emissions close to the stack. This is called looping 

and occurs mostly during daytime hours. Neutral conditions disperse the plume fairly equally in both the vertical and horizontal 

planes and the plume shape is referred to as coning. Stable conditions prevent the plume from mixing vertically, although it 

can still spread horizontally and is called fanning (Tiwary & Colls, 2010). For ground level releases, such as fugitive dust from 

mining activities, the highest ground level concentrations will occur during stable night-time conditions. 
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Figure 8: Diurnal atmospheric stability for the study site (Marble Ridge weather station data, 2017 - 2019) 

 

3.2.4 Precipitation 

Precipitation represents an effective removal mechanism of atmospheric pollutants. Precipitation reduces wind erosion 

potential by increasing the moisture content of materials. Rain-days in the Namib Desert are defined as days experiencing 

0.1 mm or more rainfall. Rainfall in the region has been reported to occur sporadically, and often falls in one area (e.g. rain 

showers) rather than widespread across the region.  

 

The total monthly rainfall for Marble Ridge weather station is presented in Figure 9 or the period January 2017 to December 

2019. Total monthly rainfall is generally low, ranging from 0 to 6 mm. Rainfall in the region has been reported to occur 

sporadically and often falling in one area (e.g. thunderstorms) rather than widespread across the region.  
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Figure 9:  Total Monthly rainfall (Marble Ridge weather station data, 2017 - 2019) 

 

3.3 Current Ambient Air Quality 

 

3.3.1 Existing Sources of Air Pollution in the Region 

The identification of existing sources of emissions in the region and the characterisation of existing ambient pollutant 

concentrations is fundamental to the assessment of the potential for cumulative impacts and synergistic effects given the 

current operations and their associated emissions.  

 

The main service and urban areas include: Swakopmund, Walvis Bay, Henties Bay, Wlotzkasbaken, Arandis, Usakos and 

Karibib. The towns of Swakopmund, Walvis Bay, Henties Bay and Wlotzkasbaken are situated along the west coast and are 

popular holiday destinations throughout the year. Arandis, Usakos and Karibib are small towns located inland to the northeast. 

The Region is known for its mining operations as well as commercial and industrial activities associated with fishing and 

shipping. Along the lower Swakop River there are several agricultural small holdings and farms producing fresh products for 

Swakopmund and other urban areas. Goanikontes is one such agricultural settlement. 

 

The main sources of air pollution in the region include mining operations, public roads (paved, treated and unpaved), and 

natural exposed areas prone to wind erosion. In addition, there are a number of other pollution sources such as harbour 

emissions (ships, loading and unloading activities, mobile equipment, etc.), small boilers and incinerators, commercial 

activities, etc. Typical activities in the region and associated pollutants are summarized in Table 7. 

 

Table 7: Typical activities in the region and associated pollutants 

Air Pollution Sources TSP PM10 PM2.5 SO2 NOx CO VOCs 

Mining Operations √ √ √ √ √ √ √ 

Paved and unpaved roads √ √ √     

Vehicle tailpipe emissions √ √ √ √ √ √ √ 

Wind-blown dust √ √ √     

Miscellaneous (small boilers, incinerators, etc.) √ √ √ √ √ √ √ 

Notes: The size of the mark indicate the prominence of the pollutant 
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3.3.1.1 Mining Operations in the Region 

Fugitive dust sources associated with mining activities include drilling and blasting operations, materials handling activities, 

vehicle-entrainment by haul vehicles and wind-blown dust from tailings impoundments and stockpiles. Mining operations 

represent potentially the most significant sources of fugitive dust emissions (PM2.5, PM10 and TSP) with small amounts of NOx, 

CO, SO2, methane, and carbon dioxide (CO2) being released during blasting operations and from mining trucks. Known 

operational mines in the region include Rössing Uranium Mine, Langer Heinrich Uranium Mine and Navachab Gold Mine. 

Trekkopje Uranium Mine is on maintenance and care, and Norasa (Valencia) mine is not operational. Exploration sites include 

the Etango Project (which has a small pilot plant) and the Tumas Project. There are sand mining operations within the Swakop 

River, about 20 km east-northeast of Swakopmund close to Goanikontes. Namibia Granite and Stone Products operate near 

Walvis Bay. These sources are located too far away to have a significant influence on the air quality at the Husab Project site 

 

3.3.1.2 Vehicle Exhaust Emissions 

There are a number of main roads within the Erongo region. The B2 between Swakopmund and Usakos, and Swakopmund 

and Henties Bay is most likely the busiest road in the area. Roads within the immediate vicinity of the Husab Project include 

the unpaved C28 through the Namib Naukluft Park (linking Swakopmund and Windhoek) and the D1991. The temporary 

access road towards the Husab Mine turns northwards of the C28 and is primarily used by the exploration and now construction 

mining contractors and tourists visiting the Welwitschia plant south of the Husab site. 

 

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

emitted directly into the atmosphere, and secondary, those pollutants formed in the atmosphere as a result of chemical 

reactions, such as hydrolysis, oxidation, or photochemical reactions. The significant primary pollutants emitted by vehicles 

include CO2, CO, hydrocarbons (HCs), SO2, NOx, PM and lead. Secondary pollutants include NO2, photochemical oxidants 

(e.g. ozone), HCs, sulphuric acid, sulphates, nitric acid and nitrate aerosols. Toxic hydrocarbons emitted include benzene, 

1.2-butadiene, aldehydes and polycyclic aromatic hydrocarbons (PAH).  Benzene represents an aromatic HC present in petrol, 

with 85% to 90% of benzene emissions emanating from the exhaust and the remainder from evaporative losses. 

 

3.3.1.3 Fugitive Dust Sources 

Fugitive dust emissions may occur as a result of vehicle entrained dust from local paved and unpaved roads, and wind erosion 

from open areas. The extent of particulate emissions from the main roads will depend on the number of vehicles using the 

roads and on the silt loading on the roadways. The areas prone to wind erosion within the region of the Husab  

Mine are significant. The quantification of these sources is however beyond the scope of this study. The extent, nature and 

duration of windblown dust is a function of the moisture, particle size distribution and silt content of soils, the wind speed and 

the extent of exposed areas. A distinct thin crust on the surface binds the material reducing the potential for wind erosion when 

undisturbed. When disturbed however, very fine loose material is exposed to wind erosion. Aside from gravel roads, mining 

activities in the area are the main source of dust generation. 

 

3.3.1.4 Pollutants of Interest 

The main pollutant of concern in the Erongo Region is PM. The impact of PM on human health is largely dependent on 

(i) particle characteristics, particularly particle size and chemical composition, and (ii) the duration, frequency and magnitude 

of exposure. The potential of particles to be inhaled and deposited in the lung is a function of the par ticles size, shape and 

density. The Erongo Region has set AQOs for PM10 and PM2.5 as well as dustfall levels (Section 2.1).  

 

The radionuclide content of the inhalable dust fraction is a concern, especially in areas where people reside such as 

Swakopmund, Walvis Bay, Henties Bay, Wlotzkasbaken and Arandis. The PM10 and PM2.5 concentrations sampled can 

provide useful information for the radiation assessment, where collected dust will be analyzed for radionuclide content. Aside 

from ambient dust concentrations, and the associated radionuclides posing a potential risk to human health and well-being is 

radon progeny. For this reason, radon is monitored. 
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3.3.2 Measured Air Quality 

Baseline monitoring commenced in August 2009 with eight (8) single dustfall units and increased to 33 single dustfall units at 

present. Gravimetric PM10 monitoring (Minivol) commenced in July 2009 at Husab weather station, while the Grimm real time 

monitor was installed at Marble Ridge in May 2012. The monitoring network was established as part of the air quality 

management planning for the operation of the mine, processing plant, and related infrastructure. The network design was 

based on atmospheric dispersion simulation results of pollutants associated with the operations at the mine. The location of 

the monitoring network relative to sensitive receptors and mine infrastructure is shown in Figure 11. 

 

3.3.2.1 PM10 and PM2.5 Concentrations 

PM10 concentrations from the Minivol sampler during the 2018 and 2019 monitoring campaign are presented in and Figure 10 

and Figure 12, respectively; while PM10 and PM2.5 concentrations from the Grimm sampler during 2019 are presented in Figure 

13. (Data from the Grimm sampler was not available for January to December 2018 due to defective batteries at the sampler 

at the time). It should be noted that the Minivol samples on a 6-daily interval (in 2018) and 10 daily intervals (in 2019) whereas 

the Grimm sampler is continuous. 

 

Gravimetric Monitor (Minivol) 

The adopted PM10 air quality daily guideline (75 µg/m³) for the Husab Mine in 2018 was exceeded for 13 days out of 30 days 

for which gravimetric sampling results were available (equating to 43% exceedance) and 6 days out of 33 days for which 

gravimetric sampling results were available (equating to 18% exceedance) in 2019. The highest concentration sampled during 

2018 and 2019 was 415 µg/m³ and 127 µg/m³ respectively. The annual average PM10 concentration during 2018 and 2019 

was 77 µg/m³ and 47 µg/m³ respectively, exceeding the annual guideline of 30 µg/m³. 

 

 

Figure 10: PM10 daily concentrations from the Gravimetric monitoring station (January to December 2018) 
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Figure 11: Husab Mine monitoring network (the E-Samplers were only installed in 2020, and not reported on) 
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Figure 12: PM10 daily concentrations from the gravimetric monitoring station (January to December 2019) 

 

Real-time Monitor (Grimm) 

Grimm sampler data was available from 2 August to 5 October 2019 and from 5 to 19 December 2019. For PM2.5, the highest 

concentration recorded was 53.2 µg/m³ (09 August 2019) and the lowest concentration was 1.7 µg/m³ (08 December 2019). 

The highest concentration for PM10 of 428 µg/m³ was recorded on 26 September while the lowest concentration of 2.4 was 

recorded on 08 December 2019. The adopted AQO daily average limits was exceeded 3% of the time for PM2.5 (37.5 µg/m³) 

and 53% of the time for PM10 (75 µg/m³). PM10 and PM2.5 concentrations from the Grimm sampler are provided in Figure 13, 

in combination with the Minivol PM10 concentrations. 

 

 

Figure 13: Daily PM10 and PM2.5 data from Grimm Sampler and Minivol (for the period 2 August to 5 October 2019, and 

5 to 19 December 2019) 
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3.3.2.2 Dustfall Results 

Dustfall deposition rates from the Husab Mine monitoring campaign for 2018 and 2019 are presented in Figure 14 and Figure 

15 respectively. Dustfall rates are generally low for the sampling period and well within the acceptable dustfall rates of 

600 mg/m²-day (adopted limit for residential areas) and 1 200 mg/m²-day (adopted limit for non-residential areas). The low 

dustfall rates show slight spatial and temporal variation across the site.  

 

During the 2018 campaign (see Figure 14), EXT 01 (April), EXT 27 (January, March, May, July and December) and EXT 28 

(September, November and December) exceeded the 600 mg/m²-day limit but complied with the 1 200 mg/m²-day limit; while 

EXT 27 (February, April, August, September, October and November) exceeded the 1 200 mg/m²-day limit for non-

residential areas). EXT 28 is located near the secondary crusher and mill and the conveyor from the primary crusher, while 

EXT 27 is located next to the main haul road between Pit Zone 1 and the ore stockpile (see Figure 14). The relatively high 

rates at EXT 27 were likely a result of vehicle entrained dust from the busy road even with Dust-a-Side™ (a chemical 

suppressant) treatment on the haul road.  

 

During the 2019 campaign (Figure 15), Ext 27 exceeded the 1 200 mg/m²-day limit for all the months except January, August 

and December 2019, with EXT 28 only exceeding the 1 200 mg/m²-day limit in March 2019. Dustfall rates, on average, 

decreased at all the locations when compared to 2018, except for Ext 27 and EXT28 which showed an increase. 
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Figure 14: Monthly dustfall deposition rate per sampling location during 2018 



 

Husab P20 Heap Leach Project, Namibia: Air Quality Impact Assessment 

Report Number: 20SLR31 28 

 

 

Figure 15: Monthly dustfall deposition rate per sampling location during 2019
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3.3.2.3 Volatile and Non-Volatile Acids Results 

 

Volatile acid (HCl, HBr and HNO3) and non-volatile acid (H2SO4 and H3PO4) samples were collected onto 37-mm diameter 

quartz fibre filters at four on-site locations (Figure 16) using a GillianTM pump. Samples were collected on 12 and 14 

March 2019 for a period ranging from 293 to 304 minutes at a flow rate of 2 litres per minute. Collected samples were analysed 

in the laboratory using ion-chromatography with conductivity detection technique and reported as concentration in mg/m³.  

 

 

Figure 16: Location of four volatile and non-volatile acids samples collected in August 2019 

 

Measured volatile and non-volatile acids results are presented in Table 8, indicating low concentrations at all four sites and 

for all pollutants measured. Measured concentrations are insignificant when compared to their respective exposure limits.  

 

Table 8: Analysis of volatile and non-volatile acids collected on the 15th August 2019 

Volatile acids and 

non-volatile acids 

Concentration (mg/m³) Exposure Limits (mg/m³) 

Site 3 Site 5 Site 6 Site 9 Site 10 Site 11 Site 12 OSHA 

OEL 

NIOSH 

OEL 

NIOSH 

STEL 

HCl 0.0012 0.0022 0.0012 0.0012 0.0012 0.0094 0.0367 7 7 – 

HBr 0.0004 0.0007 0.0004 0.0004 0.0011 0.0004 0.0004 10 10 – 

HNO3 0.0010 0.0019 0.0010 0.0010 0.0010 0.0010 0.0016 5 5 10 

H3PO4 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 1 1 3 

H2SO4 0.0274 0.0203 0.0088 0.0026 0.0005 0.0076 0.0034 1 1 3 
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3.3.2.4 Passive Sampling results  

NO2 and SO2 concentrations are sampled onto passive samplers and are reported as a concentration per volume (µg/m³). 

Passive sampling was carried out for the period 8 July to 8 August 2019 (for NO2, SO2 and VOCs) lasting four weeks. Passive 

sampling results for NO2, SO2 and VOCs are presented in Table 9. 

 

The adopted annual average screening limits for NO2, SO2 benzene, toluene, ethyl benzene and xylene are 200 µg/m³, 

350 µg/m³, 5 µg/m³, 640 µg/m³, 2560 µg/m³ and 350 µg/m³ respectively. There are no limits available for the one-month 

periods for which sampling was conducted. To compare to average annual standards or guidelines, one of the methods 

published by Beychok (2005) is applied to extrapolate one month data to annual average concentrations. The screening limits 

for NO2, SO2, Benzene, Toluene, Ethyl Benzene and Xylene that relate to annual averages are 40 µg/m³, 50 µg/m³, 5 µg/m³, 

20.9 µg/m³, 83.7 µg/m³, and 11.5 µg/m respectively. Therefore, all sampling results that are above these respective averages 

will potentially exceed their short-term (hourly) limit. 

 

All pollutant concentrations were very low with NO2 the only pollutant exceeding the annual AQO at eight sampling locations 

(EXT 02A, EXT 03A, EXT 09A, EXT 11, EXT20, EXT 21, EXT 22, and EXT 28), all which are located near the open pits and 

haul roads indicating the potential for on-site exceedances. SO2 concentrations were low with VOC results extremely low and 

maintained consistent concentrations below the detection limit across the sampling locations.  

 

Table 9: Annual average extrapolated NO2, SO2 and VOCs passive sampling results (µg/m³) based on the sampling 

campaign of 8 July to 8 August 2019 

 Passive sampling results at various locations – 8 July to 8 August 2019 

Pollutant Limit 2A 3A 5 8 9A 10 11 12 13 

NO2 40 68 52 23 8 41 33 55 13 19 

SO2 50 32 53 2 15 1 15 4 4 1 

VOC (Benzene) 5 0.7 0.7 1.4 0.7 0.7 0.7 0.7 0.7 0.7 

VOC (Toluene) 20.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

VOC (Ethyl Benzene) 83.7 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

VOC (Xylene) 11.5 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

Pollutant Limit 14 15 16 17 19 20 21 22 28 

NO2 40 38 17 22 8 12 43 45 41 54 

SO2 50 2 28 13 3 1 8 3 2 3 

VOC (Benzene) 5 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 

VOC (Toluene) 20.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

VOC (Ethyl Benzene) 83.7 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

VOC (Xylene) 11.5 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

Exceedance of standard/guideline indicated in bold (based on extrapolation of results) 
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4 AIR QUALITY ASSESSMENT 

 

4.1 Atmospheric Emissions from the Heap Leach Facility 

 

From the process description (SGS Bateman, 2021), sources of air emissions associated with the proposed HL process are 

listed in Table 10 below.  

 

Table 10: Activities and associated air pollutants 

• HL Facilities o Activities Emission Source Pollutant 

• Crushing, Screening 

and Agglomeration  

• Primary Crushing; 

• Overland conveying; 

• Secondary Crushing;  

• Stockpiling; and 

• HPGR Crushing, Screening and 

Agglomeration 

crushing and screening  

conveyor transfer points 

windblown dust from 

conveyor 

Mostly PM (TSP, PM10 and 

PM2.5), gaseous emissions 

from machinery (PM, SO2; 

NOx; CO; CO2) 

• Reagent Storage • Flocculant make-up and storage; 

• Hydrogen Peroxide storage; and 

• Sulphuric Acid storage 

potential for acid leach 

solution mists 

vehicle entrainment from 

acid delivery 

Acid mist (H2SO4) and SO2 

gas 

PM from road surfaces, 

gaseous emissions (PM, 

SO2; NOx; CO; CO2) from 

truck exhaust 

Heap Leach, Solution 

Handling and 

Reclamation 

• Racetrack stacking and reclamation 

system; 

• Heap leach pad (HLP); 

• Barren solution pond, Intermediate 

leach solution ponds, Pregnant leach 

solution (PLS) pond and Wash water 

pond; and 

• The PLS pumping system from the 

PLS pond to Tank Leach facility PLS 

pond. 

tipping points 

conveyor transfer points 

windblown dust from 

conveyor and HLP 

potential for acid leach 

solution mists 

Mostly PM (TSP, PM10 and 

PM2.5). gaseous emissions 

from machinery (PM, SO2; 

NOx; CO; CO2) 

Leach Waste Storage  • Waste storage pad; and 

• Stacking system. 

tipping points 

windblown dust from 

conveyor and Leach Waste 

Storage 

Mostly PM (TSP, PM10 and 

PM2.5). gaseous emissions 

from machinery (PM, SO2; 

NOx; CO; CO2) 

Services and Utilities • Process water; 

• Potable water; 

• Fire water; and 

• Plant and Instrument air. 

No known emission sources None 

TLF Interfacing 

(utilise the existing 

infrastructure installed 

as part of the TLF) 

• Ion Exchange (Area 03050) 

• Solvent Exchange (Area 03060) 

• Final Product Recovery (Area 03080) 

• Acid Plant (Area 03110) 

• Water supply (Area 03120); and 

• Power Supply. 

existing sources to be 

affected include: 

Acid Plant; and 

Electrowinning 

 

Acid mist (H2SO4) and SO2 

gas 

 

 

A brief overview of each of the processes and associated pollutants are provided below. Information used in the air quality 

assessment of the basecase design scenario is provided in Table 11. 
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Table 11: Heap Leach design information (source: SGS Bateman, 2021) 

Description Unit Amount/ Number Description 

Plant throughput (dry solids) tpa 7 500 000 based on a dynamic heap leach circuit 

Plant feed (dry solids) tph 1 007 

Plant availability % 85 

HL pad area m² 261 000 based on dimensions of 450 m x 580 m 

HL cell capacity tonnes 410 959  

No. of cells per cycle - 6  

Maximum stack height m 8  

Bulk density of material t/m³ 1.6  

Leach waste per cycle  tonnes 60 435  

Sulphuric Acid storage  tpa 178 500 12 deliveries per day with 30 tonne trucks 

Acid consumption kg/t 23.8  

Solution Application Rate l/m²/hr 17  

Leaching cycle days 100 stacking (17 days); curing, surface piping and pipe laying (3 

days); leaching (50 days); washing (2 days); draining (8 days); 

piping and network removal (3 days); reclaiming (17 days)  

 

4.1.1 Crushing and Screening 

The low-grade material will undergo primary and secondary crushing, followed by secondary crushing and then HPGR 

crushing and screening. Crushing and screening, if uncontrolled, represent significant dust-generating sources of emissions. 

Dustfall in the vicinity of crushers also give rise to potential for future re-entrainment of dust emitted by vehicles or by the wind. 

The large percentage of fines in this deposited material enhances the potential for it to become airborne (NPI, 2012).  

 

Fugitive dust emissions from the primary- and secondary crushing, and HPGR crushing and screening, were quantified using 

the NPI emission single valued emission factors as provided in Table 12. Primary- and secondary crushing, and HPGR 

crushing and screening, emissions of low-grade ore were quantified for low moisture material (<4% moisture) volumes. As a 

mitigation scenario all crushers were assumed to be hooded with fabric filters, assuming a control efficiency of 83% (NPI, 

2012). 

 

4.1.2 Materials handling 

Handling of the low-grade material is a potential source of dust generation at the various transfer points i.e. tipping of material 

between the crushing and screening operations, conveyor transfer points, stacking and reclaiming at the HL pad, and tipping 

at the waste storage facility. The quantity of dust generated will depend on various climatic parameters, such as wind speed 

and precipitation, in addition to non-climatic parameters such as the nature and volume of the material handled. Fine 

particulates are most readily disaggregated and released to the atmosphere during the material transfer process, as a result 

of exposure to strong winds. Increases in the moisture content of the material being transferred will decrease the potential for 

dust emission, since moisture promotes the aggregation and cementation of fines to the surfaces of larger particles (NPI, 

2012). 

 

The NPI (2012) emission factor equation was used to estimate emissions from material transfer points based on the 

information provide in Table 11. A total of 12 tip points was identified, with all material moisture assumed to be low (1%) except 

for the tip points at the HL pad which were assumed to have a 4% moisture due to increased moisture at the agglomerates 

(Table 12).  
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4.1.3 Conveyor 

Particulate emissions from conventional conveyors are wind speed dependent with stronger wind speeds causing dust 

particles to be entrained by the wind. The degree of entrained dust also depends on the level of enclosure, i.e. roof cover 

and/or sides. The wind speed dependence has been based on the recommendations of Parrett (1992) where the dust emission 

rate (as grams per metre of conveyor) is equivalent to a constant multiplied by the difference between the friction velocity (u*) 

and the threshold friction velocity of the material (u*t): 

𝐸 = 𝑐(𝑢∗ − 𝑢𝑡
∗) 

An estimate for the constant (c) has been made on data reported by Gutteridge , et al. (1975) for measured conveyor emissions 

at a wind speed of 10 m/s. The PM10 fraction has been estimated as 45% of the TSP. 

 

As indicated, the approach is conservative since it assumes emissions from a conventional conveyor and based on emission 

factors provided for coal dust. A control efficiency of 65% for roofing and one side coverage of the conveyor was factored in to 

the emissions calculation under the mitigated scenario (Table 12). 

 

4.1.4 Windblown dust 

Wind erosion is a complex process, including three different phases of particle entrainment, transport and deposition. It is 

primarily influenced by atmospheric conditions (e.g. wind, precipitation and temperature), soil properties (e.g. soil texture , 

composition and aggregation), land-surface characteristics (e.g. topography, moisture, aerodynamic roughness length, 

vegetation and non-erodible elements) and land-use practice (e.g. farming, grazing and mining) (Shao, 2008).  

 

For wind erosion to occur, the wind speed needs to exceed a certain threshold, called the threshold velocity. This relates to 

gravity and the inter-particle cohesion that resists removal. Surface properties such as material texture, material moisture and 

vegetation cover influence the removal potential. Conversely, the friction velocity or wind shear at the surface, is related to 

atmospheric flow conditions and surface aerodynamic properties. Thus, for particles to become airborne, the wind shear at 

the surface must exceed the gravitational and cohesive forces acting upon them, called the threshold friction velocity (Shao, 

2008).   

 

Estimating the amount of windblown dust from exposed HL pad surface is not a trivial task and requires detailed information 

on the particle size distribution, moisture content, silt content and bulk density. Dust will only be generated when the material 

is dry and under conditions of high wind speed which is likely to occur when the wind exceeds at least 5.4  m/s (US EPA, 

1996). The NPI single value emission factor for windblown dust (NPI, 2012) was used to determine emissions from the HL 

pad, assuming that it could occur once the material is stacked (before leaching) and dried out (after leaching), and from the 

leach waste storage facility. This is based on the HL pad area and waste stockpile footprint (Table 11) and accounting for wind 

speeds in excess of 5.4 m/s occurring for 15% of the time (Marble Ridge weather data 2017-2019). 

 

4.1.5 Vehicle Entrained Dust from Unpaved Roads 

Vehicle-entrained dust emissions have been found to account for a great portion of fugitive dust emissions from mining 

operations. Only information on the transport of sulphuric acid to the storage tanks near the HL pad was available for inclusion 

in to the HLF assessment.  

 

Fugitive dust emissions from the sulphuric acid tankers on the unpaved roads were calculated using the US EPA predictive 

emission factor equation (Table 12). It was assumed that the tankers would use the service road, which is 5.5 km in length, 

and has a width of 10m. The percentage road surface material less than 75 µm in diameter was used as determined from site 

specific particle size analysis of roads at similar uranium mining operations in the area. It was assumed that water trucks will 

be used on site to suppress dust on the service roads, which has a reported efficiency of 75% (NPI, 2012). 
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Table 12: Emission estimation techniques and parameters 

Source Group Emission Estimation Technique Input Parameters and Activities 

Crushing and 
Screening 

NPI single valued emission factors for low moisture (<4%) ore (NPI, 2012) for: 

 Emission Factor (kg/tonne) 

TSP PM10 PM2.5* 

Primary Crushing 0.2 0.02 0.004 
Secondary Crushing 0.6 0.04 0.007 

Tertiary Crushing 1.4 0.08 0.015 

*assumed to be 18.5% of PM10 

Primary crushing of low-grade ore at the following rates, were included: 

• Primary crushing = 1 007.25 tons/hour 

• Secondary crushing = 1 007.25 tons/hour 

• HPGR crushing and screening = 1 007.25 tons/hour 

Hours of operation: 2 532 hours/year (based on stacking cycle days) 

Moisture Content: 1% (Ore) 

Mitigation: Estimated 83% CE was assumed (hooding with fabric filters). 

Materials 
Handling 

NPI emission factor equation (based US EPA, 2006) (NPI, 2012) 

𝐸𝐹 = 𝑘 ∙ 0.0016 ∙ (
𝑈

2.3
)

1.3

∙ (
𝑀

2
)

−1.4

 

Where: 

EF is the emission factor in kg/tonne material handled 

k is the particle size multiplier (kTSP – 0.74, kPM10 – 0.35, kPM2.5 – 0.053) 

U is the average wind speed in m/s 

M is the material moisture content in % 

All handling steps (Loading onto low-grade stockpile, to ROM, conveyor transfer points, agglomeration 
feedbin, HL tip points and waste storage tip points) were included = total of 12 points.  

An average wind speed of 3.4 m/s was determined from the meteorological data set. 

Moisture Assumed: 1 % (all transfer points); 4% (agglomeration feedbin and HL tip points due to added 
moisture) 

Hours of operation: 2 532 hours/year 

Activities: The number of transfer points and rates used in the estimation of emissions are: 

All transfer points = 1 007.25 tons/hour 

HL stacker points = 251.81 tons/hour per stacker point 

Mitigation: 50% control efficiency achieved through effective water sprays (NPI, 2012) 

Conveyor 𝐸𝑇𝑆𝑃 = c (u*- ut) (in g/metre of conveyor) 

 
where the dust emission rate E is equivalent to a constant c multiplied by the 

difference between the friction velocity (u*) and the threshold friction velocity of 

the coal (u*t). 

An estimate for the constant (c) has been made based on data reported by 

GHD/Oceanics (1975) for measured conveyor emissions at a wind speed of 

10 m/s. The PM10 fraction has been estimated as 45% of the TSP. The PM2.5 

fraction has been assumed as 50% of the PM10. 

The approach is conservative since it assumes emissions from a conventional 

conveyor and based on emission factors provided for coal dust. A control 

efficiency of 50% for roofing and one side covering of the conveyor was 

factored into the emissions calculation under the mitigated scenario. 

Emissions were calculated for the following conveyor belt section:  

ID Description length (m) width (m)* 

CV_1 From Primary Crusher (3310) to TT2 3563.6 2 

CV_2 From TT2 to to 3330 Agglomeration Feed Bin (3330-CV-01) 3050.6 2 

CV_3 From Area3330 to HLP (3330-CV-02) 1983.6 2 

CV_4 From HL to HLWSF (3330-CV-03) 1374.2 2 

Total       9 972.1 

* assumed 

 

Typical values for particle density and particle size were assumed. The wind speed profile was created 
from the Marble Ridge weather station data for the period 2017-2019. 
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Source Group Emission Estimation Technique Input Parameters and Activities 

Windblown dust The calculation of a windblown dust emission rate for every hour of 2017 to 

2019 was carried out using the NPI (2012) emission factors: 

Emission Factor (kg/ha/hour) 

TSP PM10 PM2.5* 

0.4 0.2 0.05 
 

Exposed areas included in emission estimations: 

Wind erodible source Area (m²) Area (ha) 

Low Grade Stockpile  208 041 20.80 

ROM 70 400 7.04 

Heap Leach Pad  261 000 26.10 

HL Waste Storage Facility 1 432 848 143.28 

Hours of activity: only when wind speed > 5.4 m/s 

Mitigation: None 

Vehicle 
Entrained Dust 
from Unpaved 
Roads 

US EPA emission factor equation (US EPA, 2006) 

𝐸 = 𝑘 ∙ (
𝑠

12
)

𝑎

∙ (
𝑊

3
)

0.45

∙ 281.9 

Where: 

EF is the emission factor in g/vehicle kilometre travelled (VKT) 

k is the particle size multiplier (kTSP – 4.9, kPM10 – 1.5, kPM2.5 – 0.15) 

a is an empirical constant (aTSP – 0.7, aPM10 – 0.9, aPM2.5 – 0.9) 

s is the road surface material silt content in % 

W is the average weight vehicles in tonnes 

Transport activities include mainly the transport of sulphuric acid from the sulphuric acid plant to the 
storage tanks near the HL pad. VKT were calculated from road lengths, truck capacities and the number of 
trips required for transporting the sulphuric acid. 

Capacity of trucks transporting sulphuric acid: 30 tonnes 

A default road surface silt content of 8.4% (US EPA, 2006) was applied in the calculations 

Hours of operation: 2 920 hours/year (8 hours/day, 365 days/year) 

Road length: 5 504.51 m; Road width: 10 m 

Activities: tankers transporting sulphuric acid to sulphuric acid storage tanks 

Mitigation: 50% control efficiency achieved through water sprays (NPI, 2011). 

*transport information on the other reagents not known.  
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4.1.6 Heap Leaching and Solution Management 

During the leaching process, the ore is exposed to either acidic or alkaline solutions in order to dissolve the minerals and to 

create an impure pregnant liquor. The main emissions to air during the leach process will include the leach solution mist and 

mist from the electrowinning process, both containing sulfuric acid (H2SO4) and copper sulfate (CuSO4). 

 

Pure sulfuric acid has a vapour pressure of less than 0.133 Pa at 25°C, and 98% sulfuric acid has a less than 133 Pa vapour 

pressure at 40°C. It was assumed that the latter concentration will be used.  As a comparison, water has a vapour pressure 

of 3 175 Pa and 7 385 Pa at 25°C and 40°C, respectively. Also, the Henry’s law constant indicates very low saturation 

concentrations in the air – parts per trillion (ppt) range. Thus, the concentration above a pool of sulfuric acid would be in the 

order of ppt only, resulting in very little sulfuric acid emissions. 

 

Other than the evaporation process, the only other way sulfuric acid could end up as an airborne contaminant is if it forms a  

physical spray during application. The process description indicates the application method as “drippers/sprinklers” (Table 2-

2; SGS Bateman, 2021). Although the potential may exist for the formation of airborne spray with a sprinkler system, one 

would find that these spray droplets would deposit close to the application, unless it is very fine and there is a strong wind 

present.   

 

4.1.7 Summary of the Heap Leach Facility Emissions 

A summary of estimated particulate emissions for the HL operational phase is provided in Table 14, with the mitigation 

measured assumed provided in Table 13.  

 

Table 13:  Assumed mitigation measures and associated control efficiencies 

Source Mitigation  Control Efficiency (%) 

Materials Handling Dust suppression at Primary and Secondary Crushers 
using a chute  
Dust suppression through water sprays at HPGR and 
agglomeration area 
no information on stacking and leaching - assumed no 
mitigation 

75% for telescopic chute with water sprays 
 
50% for water sprays 
 
0% 

Crushing & Screening hooding with fabric filters 83% 

Conveyor roof and one side covered 50% 

Service Road Watering (minimum application rate of 2 litres/m²/hour) 50%  

Wind Erosion No mitigation assumed  0% 

 

Table 14:  Calculated emission rates from the proposed Heap Leach Facility 

Source Annual emissions (tpa) - Unmitigated Annual emissions (tpa) - Mitigated 
 

TSP PM10 PM2.5 TSP PM10 PM2.5 

Materials Handling 266.10 125.86 19.06 162.87 77.03 11.66 

Crushing & Screening 2 040.00 153.00 28.30 346.80 26.01 4.81 

Conveyor 64.94 29.22 14.61 32.47 14.61 7.31 

Service Road 0.48 0.14 0.01 5.09 1.45 0.15 

Wind Erosion 82.93 41.47 10.37 82.93 41.47 10.37 

TOTAL 2 454.46 349.69 72.36 630.16 160.57 34.29 
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Unmitigated TSP emissions were quantified as 2 454.46 tpa, with PM10 at 349.69 tpa and PM2.5 72.36 tpa. Crushing and 

screening are the main contributing sources to unmitigated emissions – 83% of TSP, 44% of PM10 and 39% of PM2.5. Materials 

handling points are the second largest contributor (TSP – 11%; PM10 - 36% and PM2.5 - 26%). With mitigation measures in 

place (Table 13) the emissions reduce significantly to 630.16 tpa for TSP, 160.57 tpa for PM10 and 34.29 tpa for PM2.5.   

 

4.1.8 Cumulative Particulate Emissions 

A summary of the particulate emissions from the Husab Mine and Processing operations are provided in Table 15 (Airshed, 

2021). 

 

Table 15: Summary of estimated particulate emissions for Husab Mine based on 2019 mining and production rates 

Source Annual emissions (tpa) - Unmitigated Annual emissions (tpa) - Mitigated 

 TSP PM10 PM2.5 TSP PM10 PM2.5 

In-pit (incl. drilling) 386.1 213.5 23.0 41.7 25.7 4.1 

Blasting 57.3 56.6 3.3 57.3 56.6 3.3 

Crushing 1 953.1 195.3 36.1 332.0 33.2 6.1 

Materials Handling 238.0 112.6 17.0 119.0 56.3 8.5 

Unpaved Roads 11 016.1 3 140.1 314.0 1 185.6 337.9 33.8 

Wind Erosion (incl. conveyor & stockpiles) 9 251.8 5 423.1 3 031.9 9 212.9 5 405.5 3 023.1 

Vehicle Exhaust 31.3 31.3 28.8 31.3 31.3 28.8 

TOTAL 22 934 9 172 3 454 10 980 5 947 3108 

 

The contribution from the HL Project to the existing emissions is 10% for unmitigated TSP emissions, and with mitigation in 

place it reduces to 5%. For PM10 the HL Project will add 4% to the unmitigated emissions, reducing to 3% with mitigation in 

place. The HL project will contribute 2% to the overall PM2.5 emissions, which will reduce to 1% with mitigation measures in 

place. 

 

4.2 Dispersion Simulation Results, Health Risk and Nuisance Screening 

 

The assessment of the impact of the Heap Leach operations on the environment is discussed in this section. To assess impact 

on human health and the environment the following important aspects need to be considered: 

• The criteria against which impacts are assessed (Section 2.1); 

• The potential of the atmosphere to disperse and dilute pollutants emitted (Section 3.2); and 

• The methodology followed in determining ambient pollutant concentrations and dustfall rates (Section 4.1). 

 

The impact of operations on the atmospheric environment was determined through the simulation of dustfall rates and ambient 

pollutant concentrations. Simulated air quality impacts represent those associated with the Project- and mine’s operations 

only. Since the HL Project is not a continuous process with various process steps within a 100-day cycle, the short-term 

impacts are shown incrementally with only the annual impacts reflected cumulatively. Cumulative pollutant concentrations and 

dustfall rates as a result of the HL Project in addition to the current mine operations were determined using the baseline model 

recently updated for the mine reflecting the operational year 2019 mining- and production rates. Cumulative impacts from the 

HL project and the mining operations to the region were qualitatively assessed comparing the simulated impacts against the 

regional impacts as assessed in the 2019 SEMP report (Liebenberg-Enslin, et al., 2019). 

 

Isopleth plots reflect the incremental and cumulative ground level concentrations (GLCs) for PM2.5 and PM10, as well as dustfall 

rates for TSP. 
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4.2.1 Incremental Impacts from the Heap Leach Project only 

4.2.1.1 Incremental PM2.5 Impact 

The areas over which the adopted 24-hour AQO for PM2.5 was exceeded are shown in Figure 17 and Figure 18 for unmitigated 

and mitigated scenarios respectively; while the areas over which the PM2.5 annual AQO was exceeded are shown in Figure 

19 and Figure 20 for unmitigated and mitigated scenarios respectively. PM2.5 impacts at nearby AQSRs are presented in Table 

16. 

 

Table 16: Incremental PM2.5 Impacts at AQSRs 

ID AQ Sensitive Receptor 
Highest daily concentration (in µg/m³) Annual average concentration (in µg/m³) 

Unmitigated Mitigated Unmitigated Mitigated 

1 Arandis 1.44 0.48 0.03 0.01 

2 Arandis Airport 1.78 0.62 0.04 0.02 

3 Big Welwitschia 5.96 1.63 0.25 0.09 

4 Bloemhof Guestfarm 3.86 1.26 0.22 0.09 

5 Husab campsite 5.96 1.64 0.26 0.09 

6 Khan Mine 3.04 1.08 0.07 0.03 

7 Khan River 5.48 1.92 0.14 0.06 

8 Rossing Mine 3.26 1.19 0.07 0.03 

9 Savanna marble 2.05 0.70 0.04 0.02 

10 Stone Africa 1.90 0.65 0.05 0.02 

11 Swakop River camp 3.25 1.06 0.16 0.06 

12 Swakop River Farm 2.54 0.85 0.11 0.05 

13 Welwitschia Flats 6.30 2.00 0.33 0.13 

 

Unmitigated Scenario 

Simulated PM2.5 GLCs due to unmitigated PM2.5 emissions do not exceed the 24-hour AQO for PM2.5 (4 days of exceedance 

of 37.5 µg/m³ permitted per year) off-site (outside the mining licence boundary), and not at any AQSRs. The impact is primarily 

around the crusher areas, the HL Pad and the residue waste storage facility. Over an annual average, the GLCs are on-site, 

centred around the main dust generating activities – crushing and screening, material handling points and windblown dust 

sources.  

 

Mitigated Scenario 

Simulated PM2.5 GLCs due to mitigated PM2.5 emissions are well within the 24-hour AQO for PM2.5; as well as the annual limit. 
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Figure 17: Area of exceedance of the 24-hour AQO for PM2.5 due to unmitigated emissions from the Heap Leach 

Project only 

 

Figure 18: Area of exceedance of the 24-hour AQO for PM2.5 due to mitigated emissions from the Heap Leach Project 

only 
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Figure 19: Area of exceedance of the annual AQO for PM2.5 due to unmitigated emissions from the Heap Leach Project 

only 

 

Figure 20: Area of exceedance of the annual AQO for PM2.5 due to mitigated emissions from the Heap Leach Project 

only 
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4.2.1.2 Incremental PM10 Impact 

The areas over which the adopted 24-hour AQO for PM2.5 was exceeded are shown in Figure 21 and Figure 22 for unmitigated 

and mitigated scenarios respectively; while the areas over which the PM2.5 annual AQO was exceeded are shown in Figure 

23 and Figure 24 for unmitigated and mitigated scenarios respectively. PM2.5 impacts at nearby AQSRs are presented in Table 

17. 

 

Table 17: Incremental PM10 Impacts at AQSRs 

ID AQ Sensitive Receptor 
Highest daily concentration (in µg/m³) Annual average concentration (in µg/m³) 

Unmitigated Mitigated Unmitigated Mitigated 

1 Arandis 7.37 2.52 0.16 0.06 

2 Arandis Airport 9.40 3.29 0.22 0.09 

3 Big Welwitschia 30.17 8.03 1.26 0.43 

4 Bloemhof Guestfarm 19.61 6.20 1.06 0.43 

5 Husab campsite 30.97 8.51 1.30 0.44 

6 Khan Mine 15.94 5.54 0.35 0.14 

7 Khan River 29.09 10.30 0.71 0.29 

8 Rossing Mine 16.91 6.20 0.35 0.13 

9 Savanna marble 10.61 3.60 0.23 0.09 

10 Stone Africa 9.97 3.41 0.25 0.09 

11 Swakop River camp 16.51 5.42 0.81 0.30 

12 Swakop River Farm 13.17 4.24 0.54 0.22 

13 Welwitschia Flats 32.29 9.85 1.66 0.61 

 

Unmitigated Scenario 

Simulated unmitigated PM10 GLCs exceed the 24-hour AQO for PM10 (4 days of exceedance of 75 µg/m³ permitted per year) 

off-site, extending beyond the mine’s south-eastern boundary, but not at any AQSRs. The highest GLCs are at the Husab 

Campsite (31 µg/m³) and Big Welwitschia (30 µg/m³), which is 40% and 41% of the 24-hour AQO, respectively. Simulations 

indicate no exceedances of the annual guideline for PM10 (30 µg/m³) beyond the mine’s boundary, or nearby AQSRs. 

 

Mitigated Scenario 

Simulated PM10 GLCs due to mitigated PM10 emissions are well within the 24-hour and the annual AQOs for PM10, off-site and 

at all the AQSRs. 
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Figure 21: Area of exceedance of the 24-hour AQO for PM10 due to unmitigated emissions from the Heap Leach Project 

only 

 

Figure 22: Area of exceedance of the 24-hour AQO for PM10 due to mitigated emissions from the Heap Leach Project 

only 
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Figure 23: Area of exceedance of the annual AQO for PM10 due to unmitigated emissions from the Heap Leach Project 

only 

 

Figure 24: Area of exceedance of the annual AQO for PM10 due to mitigated emissions from the Heap Leach Project 

only 
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4.2.1.3 Dustfall Impact 

The areas over which the daily AQO for dust fallout was exceeded are shown in Figure 25 and Figure 26 for unmitigated and 

mitigated scenarios respectively; while the areas over an annual average are shown in Figure 19 and Figure 20 for unmitigated 

and mitigated scenarios respectively. Dustfall rates at nearby AQSRs are presented in Table 18. 

 

Table 18: Incremental Dustfall Impacts at AQSRs 

ID AQ Sensitive Receptor 
Daily average dustfall (in mg/m²/day) Annual average dustfall (in mg/m²-day) 

Unmitigated Mitigated Unmitigated Mitigated 

1 Arandis 0.06 0.017 0.02 0.005 

2 Arandis Airport 0.10 0.026 0.03 0.008 

3 Big Welwitschia 1.33 0.310 0.37 0.083 

4 Bloemhof Guestfarm 0.90 0.229 0.26 0.068 

5 Husab campsite 1.45 0.359 0.40 0.099 

6 Khan Mine 0.19 0.051 0.05 0.015 

7 Khan River 0.57 0.161 0.17 0.051 

8 Rossing Mine 0.19 0.053 0.06 0.016 

9 Savanna marble 0.09 0.025 0.03 0.007 

10 Stone Africa 0.10 0.028 0.03 0.008 

11 Swakop River camp 0.95 0.228 0.27 0.064 

12 Swakop River Farm 0.50 0.134 0.15 0.041 

13 Welwitschia Flats 2.82 0.690 0.79 0.198 

 

Unmitigated Scenario 

Simulated dustfall rates to unmitigated emissions are very low off-site and at all the AQSRs. High dustfall rates (> 600 mg/m²-

day) are only visible at the crushing and screening sites. 

 

Mitigated Scenario 

Simulated dustfall rates due to mitigated TSP emissions are even lower than unmitigated and can be regarded insignificant. 
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Figure 25: Area of exceedance of the daily dustfall AQO due to unmitigated emissions from the Heap Leach Project 

only 

 

Figure 26: Area of exceedance of the daily dustfall AQO due to mitigated emissions from the Heap Leach Project only 
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Figure 27: Area of exceedance of the daily dustfall AQO due to unmitigated emissions from the Heap Leach Project 

only over an annual average  

 

Figure 28: Area of exceedance of the daily dustfall AQO due to mitigated emissions from the Heap Leach Project only 

over an annual average 
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4.2.2 Cumulative Impacts from the Heap Leach Project and Husab Mine Operations 

4.2.2.1 Cumulative PM2.5 Impact 

The areas over which the PM2.5 annual AQO was exceeded are shown in Figure 29 and Figure 30 for unmitigated and mitigated 

scenarios respectively. PM2.5 cumulative impacts at nearby AQSRs are presented in Table 19. 

 

Table 19: Cumulative PM2.5 Impacts at AQSRs 

ID AQ Sensitive Receptor 
Annual average concentration (in µg/m³) 

Unmitigated Mitigated 

1 Arandis 0.23 0.11 

2 Arandis Airport 0.34 0.12 

3 Big Welwitschia 1.05 0.49 

4 Bloemhof Guestfarm 1.52 0.79 

5 Husab campsite 1.26 0.59 

6 Khan Mine 0.57 0.23 

7 Khan River 1.34 0.56 

8 Rossing Mine 0.57 0.23 

9 Savanna marble 0.34 0.12 

10 Stone Africa 0.35 0.12 

11 Swakop River camp 1.06 0.66 

12 Swakop River Farm 1.61 1.25 

13 Welwitschia Flats 3.13 2.13 

 

Unmitigated Scenario 

Simulated PM2.5 GLCs due to unmitigated cumulative PM2.5 emissions exceed the annual AQO for PM2.5 (15 µg/m³) off-site, 

extending beyond the mine’s southwestern boundary, but not at any AQSRs. The contribution from the HL Project to the 

cumulative PM2.5 concentrations at the AQSRs are very low, ranging between 1% and 4%. 

 

Mitigated Scenario 

Simulated PM2.5 GLCs due to mitigated PM2.5 emissions are within the annual AQO for PM2.5; with a much smaller area of 

impact although still exceeding at the mine’s southwestern boundary, but not at any AQSRs . With mitigation in place the HL 

Project has a slightly higher contribution to the PM2.5 GLCs at the AQSRs, ranging between 1% and 6%. This is most likely 

due to effective mitigation measures applied to the main mining sources. 
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Figure 29: Area of exceedance of the annual AQO for PM2.5 due to unmitigated emissions from the Heap Leach Project 

and Husab Mining and Processing Operations 

 

Figure 30: Area of exceedance of the annual AQO for PM2.5 due to mitigated emissions from the Heap Leach Project 

and Husab Mining and Processing Operations 
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4.2.2.2 Cumulative PM10 Impact 

The areas over which the PM10 annual AQO was exceeded are shown in Figure 31 and Figure 32 for unmitigated and mitigated 

scenarios respectively. PM10 impacts at nearby AQSRs are presented in Table 20. 

 

Table 20: Cumulative PM10 Impacts at AQSRs 

ID AQ Sensitive Receptor 
Annual average concentration (in µg/m³) 

Unmitigated Mitigated 

1 Arandis 1.36 0.25 

2 Arandis Airport 2.02 0.37 

3 Big Welwitschia 6.46 1.24 

4 Bloemhof Guestfarm 8.36 1.76 

5 Husab campsite 6.90 1.46 

6 Khan Mine 3.55 0.62 

7 Khan River 8.51 1.55 

8 Rossing Mine 3.45 0.61 

9 Savanna marble 2.03 0.37 

10 Stone Africa 2.15 0.38 

11 Swakop River camp 5.41 1.35 

12 Swakop River Farm 5.64 2.38 

13 Welwitschia Flats 12.96 4.30 

 

Unmitigated Scenario 

Simulated unmitigated cumulative PM10 GLCs exceed the annual AQO (30 µg/m³) off-site on the north-eastern and south-

western mining license boundary, but the nearby AQSRs are not affected. The contribution from the HL Project is more 

significant for PM10 concentrations, contributing between 6% and 14% to the cumulative GLCs. The main unmitigated source 

of PM10 emissions are the crushers and materials handling points. 

 

Mitigated Scenario 

Simulated GLCs due to mitigated PM10 emissions are below the annual AQO for PM10, except for a small area on the southeast 

of the mining license boundary. This however is a result of windblown dust from the TSF, and not from the Heap Leach Project. 
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Figure 31: Area of exceedance of the annual AQO for PM10 due to unmitigated emissions from the Heap Leach Project 

and Husab Mining and Processing Operations 

 

Figure 32: Area of exceedance of the annual AQO for PM10 due to mitigated emissions from the Heap Leach Project 

and Husab Mining and Processing Operations 

 



 

Husab P20 Heap Leach Project, Namibia: Air Quality Impact Assessment 

Report Number: 20SLR31 51 

 

4.2.2.3 Cumulative Dustfall Impact 

The areas over which the adopted daily AQO for dust fallout was exceeded over an annual average are shown in Figure 33 

and Figure 34 for unmitigated and mitigated scenarios respectively. Cumulative dustfall impacts at nearby AQSRs are 

presented in Table 21. 

 

Table 21: Cumulative Dustfall Impacts at AQSRs 

ID AQ Sensitive Receptor 
Annual average dustfall (in mg/m²-day) 

Unmitigated Mitigated 

1 Arandis 0.32 0.10 

2 Arandis Airport 0.53 0.11 

3 Big Welwitschia 3.77 1.88 

4 Bloemhof Guestfarm 3.86 0.67 

5 Husab campsite 3.00 0.50 

6 Khan Mine 1.45 0.21 

7 Khan River 3.97 0.65 

8 Rossing Mine 1.26 0.22 

9 Savanna marble 0.73 0.11 

10 Stone Africa 0.73 0.11 

11 Swakop River camp 31.77 29.36 

12 Swakop River Farm 119.95 117.44 

13 Welwitschia Flats 263.89 255.10 

 

Unmitigated Scenario 

The simulated maximum cumulative dustfall rates as a result of unmitigated emissions do not exceed the adopted dustfall limit 

for residential areas (600 mg/m²-day) off-site, and dustfall rates at nearby AQSRs are very low. The contribution from the HL 

Project to the cumulative dustfall rates is low, ranging between 0% and 7%, with the latter at the Husab Campsite. 

 

Mitigated Scenario 

Simulated cumulative dustfall rates due to mitigated TSP emissions are even lower than unmitigated and are primarily within 

the mining license boundary. 
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Figure 33: Area of exceedance of the daily dustfall AQO due to unmitigated emissions from the Heap Leach Project 

and Husab Mining and Processing Operations over an annual average  

 

Figure 34: Area of exceedance of the daily dustfall AQO due to mitigated emissions from the Heap Leach Project and 

Husab Mining and Processing Operations over an annual average 
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4.3 Assessment of Heap Leach Locations 

 

As discussed under Section 1.3.1, four locations are considered for the HLF – the Basecase (the preferred option) and 

Option G, Option H and Option K, as shown in Figure 3. The Basecase location was quantitatively assessed (Sections 4.1 

and 4.3) whereas Options G, H and K are qualitatively assessed based on the results from the Basecase. This approach 

assumes the throughput to be the same for all four options including the HL pad and waste storage facility areas and heights. 

The difference is the locations of the HLF and associated infrastructure. 

 

The main pollutant of concern from the HLF is particulate matter primarily resulting from the crushing and screening operations, 

followed by materials handling. Wind erosion is an intermittent source of emission likely to occur for only 15% of the time 

(when the wind exceeds 5.4 m/s) and only when the HL material is dry (during stacking and reclaiming). It could, however, 

result in significant short-term impacts when incidences of high wind speeds occur. During the HL process, very low 

concentrations of sulphuric acid mist are expected. Also, as indicated by the Golder report (Golder Associates, 2017), the 

chemical composition of the waste material will pose a low health risk.  

 

Dispersion simulation results from the Basecase location indicate that both PM2.5 GLCs and dustfall rates resulting from the 

HL Project only are restricted to the area around the HLF, with low GLCs off-site and at the AQSRs even without mitigation. 

With mitigation in place, these impacts are lower and impacting smaller areas on-site. Over an annual average, the HL Project 

contributes between 1% and 6% to the cumulative PM2.5 GLCs at the AQSRs, and between 0% and 12% to the dustfall rates. 

It must be noted that these cumulative PM2.5 concentrations and dustfall rates are very low and well below the AQOs. Simulated 

PM10 GLCs, on the other hand, resulted in high short-term impacts on-site and contributing up to 41% of the 24-hour AQO 

concentration (75 µg/m³) at the nearest AQSRs when unmitigated. With mitigation in place, the impacts reduce, covering 

smaller areas around the crushers and screens, materials transfer points, HL pad and waste storage faci lity. Cumulatively, 

the HL Project contributes between 6% and 28% to the PM10 GLCs at the AQSRs. With mitigation in place at all the sources, 

the cumulative PM10 annual average GLCs are well below the AQO, and even the short-term GLCs (24-hour average) are 

likely to remain within the set limit. 

 

In the screening of the potential impacts from the tow alternative location options of the HLF, Option G, Option H and Option 

K, the following aspects are accounted for: 

• the main pollutant of concern is PM10 and the simulated impacts from the Basecase is used as reference; 

• the main sources of emissions are crushing and screening-, and materials handling operations (Section 4.1.7) and 

the locations of these sources are considered; and 

• the prevailing wind field is from the southwest to west with less frequent, but strong winds from the northeast. 

 

Option G: located to the south-west of the WRD has a greater probability for exceedances of PM10 short-term GLCs outside 

the mining license boundary and likely to contribute more to the GLCs at the nearest AQSRs, specifically the Big Welwitschia, 

the Welwitschia flats and the Husab Campsite.  

 

Option H: adjacent to the TSF would increase the potential for cumulative impacts due to its close proximity to the TSF which 

is the main source of off-site PM10 24-hour exceedances due to wind erosion. Also, the potential for impacts at the AQSRs to 

the southwest of the mine is greater.  

 

Option K: the location adjacent to the WRD would decrease the potential for cumulative impacts, since the WRD would likely 

act as a windbreak against the strong north-easterly winds, and likely to cause any wind entrained material from the westerly 

winds to be blown into the WRD. The WRD is also likely to shield the HL waste stockpile from westerly winds and any 

windblown dust from the HL waste stockpile due to south-easterly winds would again be blown into the WRD. The only concern 
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for this option would be the conveyor between the HL pad and the HL waste stockpile, but the material is likely to be wet with 

a low potential for wind erosion. With the conveyor covered on the either side and with a roof, the potential for windblown dust 

would reduce significantly. The location of the crushers towards the plant area would increase the potential for cumulative 

impacts, but again with the recommended mitigation measures in place should result in a minor cumulative contribution to air 

quality impacts. 

 

From an air quality perspective, the preferred location would be the Basecase option, followed by Option K. 

 

4.4 Significance rating for the Heap Leach Facility 

 

The significance of potential air quality impacts from the HLF is rated in terms of the impact consequence (combining intensity, 

spatial scale and duration) and impact significance (the overall rating of the impact). The significance rating followed the criteria 

as provided by SLR (Appendix A).  

 

The significance rating for PM2.5 and PM10 GLCs, and the dustfall rates are provided in Table 22 and discussed in the 

subsections below. The significance rating is provided for the Basecase only since the other two options – Option G and 

Option H, were considered likely to result in higher significance ratings than the Basecase (Section 4.3). 

 

4.4.1 Significance of PM2.5 Concentrations 

The severity and spatial extent of PM2.5 GLCs as a result of the HL Project only (Incremental), is regarded to be Low both for 

unmitigated and mitigated emissions since impacts are on-site with GLCs well below the AQO at all AQSRs. The duration is 

Moderate since the PM2.5 emissions will be emitted from several processes throughout the HL cycle. The resulting 

consequence is Low, and with a probability of Medium (possible/ frequent), if unmitigated, the Significance is then Medium, 

but with mitigation in place, the probability for impacts reduce to Low (unlikely/ seldom) with a resulting Significance of Low.  

 

Cumulatively, the severity from PM2.5 combined emissions from the HL Project and the existing mining operations are Medium 

when not mitigated, but Low when mitigation measures are applied to all sources. The spatial extent increases to Medium for 

both unmitigated and mitigated scenarios due to off-site exceedances from the TSF windblown dust, and not due to the 

contribution from the HL Project. Unmitigated, the consequence is Medium with a Medium probability, resulting in a Medium 

significance. With mitigation measures in place at both the HL Project and the Husab Mine sources, the consequence reduces 

to Low but remaining at a Medium significance due to the Medium probability. 

 

4.4.2 Significance of PM10 Concentrations 

For PM10, the significance rating for both unmitigated and mitigated GLCs from the HL Project only is Medium. This is based 

on a severity of Medium (unmitigated) and Low (mitigated) and a spatial extent of Medium (unmitigated) and Low (mitigated). 

The duration is regarded to be Medium for both unmitigated and mitigated emissions due to the likelihood of PM10 emissions 

throughout the HL cycles. The resulting consequence is Medium for unmitigated, and Low for mitigated with a probability of 

Medium (possible/ frequent) for both unmitigated and mitigated.  

 

The Significance from PM10 cumulative GLCs as a result of the HL Project and the existing mining operations combined are 

Medium without and with mitigation. The severity is Medium for unmitigated, and Low for mitigated but the spatial extent 

remains Medium for both. As with PM2.5, this is not due to the contribution from the HL Project but due to wind erosion from 

the TSF. However, the spatial extent is also a result of the significant contribution from the HLF PM10 GLCs to the AQSRs 

which is between 8% and 34%, although these do not result in exceedances of the AQO. The consequence thus is Medium 

for unmitigated PM10 emissions, and Low when mitigation is applied. The probability remains Medium for both, thus the 

significance rating of Medium.  
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4.4.3 Significance of Dust fallout 

Impacts from the HL Project dust fallout have a Low severity and a Low spatial extent since dustfall rates are low off-site and 

at all the AQSRs, both without and with mitigation in place. The reason is that TSP emissions comprise of larger particles and 

settle closer to the dust generating sources than the finer particles which remains suspended for longer. The duration is also 

regarded to be Medium resulting a Low consequence. On average, the probability of exposure to impacts are low off-site and 

at the AQSRs for both the unmitigated and mitigated scenarios, thus resulting in a Low Significance for both. The significance 

rating remains the same for the three alternative options (Options G, H and K). 

 

Cumulatively the significance rating is the same, that of Low for both unmitigated and mitigated emissions. 

 

However, from a biodiversity perspective the Significance could be Medium for both unmitigated and mitigated scenarios due 

to the probability of high dust fallout under strong wind conditions5. 

 

Table 22: Significance rating of the Husab Heap Leach Basecase option 

 Consequence Significance 

SIGNIFICANCE 
HLF Basecase Option 
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PM2.5 GLCs  

Incremental – HLF Project only 
Unmitigated L L M L M Medium 

Mitigated L L M L L Low 

Cumulative – HLF + Husab Mine 
Unmitigated M M M M M Medium 

Mitigated L M M L M Medium 

PM10 GLCs  

Incremental – HLF Project only 
Unmitigated M M M M M Medium 

Mitigated L L M L M Medium 

Cumulative – HLF + Husab Mine 
Unmitigated M M M M M Medium 

Mitigated L M M L M Medium 

Dustfall rates  

Incremental – HLF Project only 
Unmitigated L L M L M Low 

Mitigated L L M L M Low 

Cumulative – HLF + Husab Mine 
Unmitigated L L M L M Low 

Mitigated L L M L M Low 

 

 

 

 

 

 

 

 
5 Wind speeds in excess of 5.4 m/s occurring for 15% of the time (Marble Ridge weather data 2017-2019). 
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5 CONCLUSION AND RECOMMENDATIONS 

 

An air quality impact assessment for the proposed HLF was conducted with the aim to assess the possible additional and 

cumulative air pollution impacts from the HLF on the surrounding environment, and to determine the best location from an air 

quality perspective. Three possible locations for the HLF locations are considered of which the Basecase is the preferred 

option, and Option G, Option H and Option K are alternative locations. The Basecase was quantitatively assessed whereas 

Options G, H and K were qualitatively assessed, accounting for the current mining activities, the state of air quality and the 

dispersion potential at Husab Mine. 

 

The main pollutant of concern from the proposed HLF is particulate matter (TSP, PM10 and PM2.5) deriving from the crushing 

and screening operations, conveyor transport and transfer of low-grade ore, stacking of the HL pad, and reclamation of leach 

waste. In addition, transport of sulphuric acid to the storage tanks via road and wind erosion from the stockpiles and HL pad 

would result in particulate emissions. Acid mist from the HL process is regarded to be insignificant due to very low saturation 

concentrations in the air and the likelihood that the spray droplets would deposit close to the application unless it is very fine 

and there is a strong wind present. 

 

An emissions inventory for the proposed HL project was compiled based on design criteria and production rates and using 

emission factors which associate the quantity of a pollutant with the activity associated with the release of that pollutant. 

Unmitigated TSP emissions were quantified as 2 454.46 tpa, with PM10 at 349.69 tpa and PM2.5 72.36 tpa. Crushing and 

screening are the main contributing sources to unmitigated emissions – 83% of TSP, 44% of PM10 and 39% of PM2.5. Materials 

handling points are the second largest contributor (TSP – 11%; PM10 - 36% and PM2.5 - 26%). With mitigation measures in 

place the emissions reduce significantly to 630.16 tpa for TSP, 160.57 tpa for PM10 and 34.29 tpa for PM2.5. The contribution 

from the HL Project to the existing emissions is 10% for unmitigated TSP emissions, and with mitigation in place it reduces to 

5%. For PM10 the HL Project will add 4% to the unmitigated emissions, reducing to 3% with mitigation in place. The HL project 

will contribute 2% to the overall PM2.5 emissions, which will reduce to 1% with mitigation measures in place. 

 

Dispersion simulation results from the Basecase option indicated that: 

• PM2.5 GLCs resulting from the HL Project only (incremental) are restricted to the area around the HLF, with low off-

site impacts at the AQSRs. With no mitigation in place the incremental PM2.5 impacts would result in a Medium 

significance and reduces to a Low significance with mitigation in place. Cumulatively the significance is Medium for 

both unmitigated and mitigates scenarios although the GLCs are lower, and the impacts areas are smaller. The 

reason for the Medium significance is the off-site PM2.5 GLCs due to wind erosion from the TSF, and with the HL 

Project contributing between 1% and 6% to the cumulative annual average PM2.5 GLCs at the AQSRs. It must be 

noted that these cumulative PM2.5 concentrations are very low and well below the AQO. 

• Simulated PM10 GLCs resulted in high short-term impacts on-site and contributing up to 41% of the 24-hour AQO 

concentration (75 µg/m³) at the nearest AQSRs when unmitigated. With mitigation in place, the impacts reduced, 

covering smaller areas around the crushers and screens, materials transfer points, HL pad and waste storage facility. 

A Medium significance was attributed to both unmitigated and mitigated incremental PM10 GLCs, although with 

mitigation in place the Severity; Spatial Extent and Consequence were lower. Cumulatively, the HL Project 

contributes between 6% and 28% to the PM10 GLCs at the AQSRs. With mitigation in place at all the sources, the 

cumulative PM10 annual average GLCs are well below the AQO, and even the short-term GLCs (24-hour average) 

are likely to remain within the set limit although occasional exceedances may occur. The cumulative significance 

rating was Medium for both unmitigated and mitigated. 

• Dust fallout impacts from the HL Project resulted in a Low significance, for all scenarios evaluated, for both 

incremental and cumulative impacts, with and without mitigation since dustfall rates were only high on-site but low 
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and well within the set AQOs off-site and at the AQSRs. The reason for the low off-site dustfall is that TSP emissions 

comprise of larger particles and settle closer to the dust generating sources than the finer particles which remains 

suspended for longer. There is however a potential for high dust fallout under strong wind conditions, which occurred 

for 15% of the time between 2017 and 2019 and depending on the pH of the dust together with moisture in the air 

could increase the significance to Medium due to the potential impacts on vegetation.  

• Assessment of the three alternative HL locations, Option G, Option H and Option K, all indicate a greater probability 

for exceedances of PM GLCs over the short-term (24-hous) outside the mining license boundary and higher GLCs 

at the nearest AQSRs, specifically the “no go zone”, Big Welwitschia, Welwitschia flats and the Husab Campsite. 

Thus, purely from an air quality perspective, the preferred location would be the Basecase option. 

 

5.1 Conclusion 

 

Based on the findings from the air quality impact assessment it is the specialist opinion that the project may be authorised 

provided that the recommended air quality management and mitigation measures are implemented to ensure the lowest 

possible impact on nearby AQSRs and the environment. 

 

5.2 Recommendations 

 

Recommended air quality management measures  

• Good engineering practices to be considered during the design of the HLF to ensure minimum emissions to air 

during the operations. The main source of emissions is likely to be the primary and secondary crushers and screen, 

and the material transfer points.   

• The NPI provides the following mitigation measures and control efficiencies for crushing operations: 

o 65% for hooding with cyclones. 

o 75% for hooding with scrubbers. 

o 83% for hooding with fabric filters. 

o 100% enclosed or underground. 

• For materials handling, specifically during stacking and reclaiming, 25% CE can be achieved with variable height 

stacker and 75% CE using a telescopic chute with water sprays.  

• It is understood that a Pilot Plant is considered to precede the HLF operations. This would provide an ideal 

opportunity to monitor the impacts from the operations by installing dustfall units downwind of the HL pad, the HL 

waste stockpile, the crushers, and conveyors, and to conduct acid mist sampling during the leaching process.  

• It is further recommended that the effect of the WRD on localised (micro-climate) wind speeds and direction be 

determined though specialised modelling to assess the effectiveness of the WRD to act as a wind shield for the 

preferred HLF location. 

• Husab Mine operates an extensive ambient air quality monitoring network, and data from this network (both PM 

concentrations and dustfall results) should be used to tract the impact from the proposed HL project as well as 

ensure increased concentrations and dustfall rates do not exceed the relevant AQOs. In addition, the Acid Mist 

sampling campaigns currently being conducted bi-annually around the SATP, should be expanded to cover at least 

four (4) locations around the HL pad and HL ponds to ensure the acid mist concentrations are as low as expected. 

Should the monitoring data indicate high concentrations and dustfall rates, the source(s) of emissions should be 

identified, and additional mitigation measures applied. 
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7 APPENDIX A – SLR IMPACT ASSESSMENT CRITERIA 

 

Note: Part A provides the definition for determining impact consequence (combining intensity, spatial scale and duration) and 

impact significance (the overall rating of the impact). Impact consequence and significance are determined from Part B and 

C. The interpretation of the impact significance is given in Part D. 

PART A:  DEFINITION AND CRITERIA* 

Definition of SIGNIFICANCE Significance = consequence x probability 

Definition of CONSEQUENCE Consequence is a function of severity, spatial extent and duration  

Criteria for ranking of the 

SEVERITY of environmental 

impacts 

H Substantial deterioration (death, illness or injury).  Recommended level will often be violated.  

Vigorous community action. 

M Moderate/ measurable deterioration (discomfort).  Recommended level will occasionally be 

violated.  Widespread complaints. 

L Minor deterioration (nuisance or minor deterioration).  Change not measurable/ will remain in the 

current range.  Recommended level will never be violated.  Sporadic complaints. 

L+ Minor improvement.  Change not measurable/ will remain in the current range.  Recommended 

level will never be violated.  Sporadic complaints. 

M+ Moderate improvement.  Will be within or better than the recommended level.  No observed 

reaction. 

H+ Substantial improvement.  Will be within or better than the recommended level.  Favourable 

publicity. 

Criteria for ranking the 

DURATION of impacts 

L Quickly reversible.  Less than the project life.  Short term 

M Reversible over time.  Life of the project.  Medium term 

H Permanent.  Beyond closure.  Long term. 

Criteria for ranking the 

SPATIAL SCALE of impacts 

L Localised - Within the site boundary. 

M Fairly widespread – Beyond the site boundary.  Local 

H Widespread – Far beyond site boundary.  Regional/ national 

 

PART B:  DETERMINING CONSEQUENCE 

SEVERITY = L 

DURATION 

Long term H Medium Medium Medium 

Medium term M Low Low Medium 

Short term L Low Low Medium 

SEVERITY = M 

DURATION 

Long term H Medium High High 

Medium term M Medium Medium High 

Short term L Low Medium Medium 

SEVERITY = H 

DURATION 

Long term H High High High 

Medium term M Medium Medium High 

Short term L Medium Medium High 

   L M H 

   Localised 

Within site boundary 

Site 

Fairly widespread 

Beyond site 

boundary 

Local 

Widespread 

Far beyond site boundary 

Regional/ national 

   SPATIAL SCALE 
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PART C: DETERMINING SIGNIFICANCE 

PROBABILITY 

(of exposure to 

impacts) 

Definite/ Continuous H Medium Medium High 

Possible/ frequent M Medium Medium High 

Unlikely/ seldom L Low Low Medium 

   L M H 

   CONSEQUENCE 

    

 

PART D: INTERPRETATION OF SIGNIFICANCE 

Significance Decision guideline 

High It would influence the decision regardless of any possible mitigation. 

Medium It should have an influence on the decision unless it is mitigated. 

Low It will not have an influence on the decision. 

*H = high, M= medium and L= low and + denotes a positive impact. 

 

 

 


