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BASIS OF REPORT 

This document has been prepared by an SLR Group company with reasonable skill, care and diligence, and taking account of the 

manpower, timescales and resources devoted to it by agreement with  Swakop Uranium (Pty) Ltd (the Client) as part or all of the 

services it has been appointed by the Client to carry out. It is subject to the terms and conditions of that appointment. 

SLR shall not be liable for the use of or reliance on any information, advice, recommendations and opinions in this document for any 

purpose by any person other than the Client. Reliance may be granted to a third party only in the event that SLR and the third party 

have executed a reliance agreement or collateral warranty. 

Information reported herein may be based on the interpretation of public domain data collected by SLR, and/or information supplied 

by the Client and/or its other advisors and associates. These data have been accepted in good faith as being accurate and valid.   

SLR disclaims any responsibility to the Client and others in respect of any matters outside the agreed scope of the work. 

The copyright and intellectual property in all drawings, reports, specifications, bills of quantities, calculations and other information 

set out in this report remain vested in SLR unless the terms of appointment state otherwise.   

This document may contain information of a specialised and/or highly technical nature and the Client is advised to seek clarification 

on any elements which may be unclear to it.  

Information, advice, recommendations and opinions in this document should only be relied upon in the context of the whole 

document and any documents referenced explicitly herein and should then only be used within the context of the appointment.  
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ACRONYMS AND ABBREVIATIONS 

Acronym / Abbreviation  Definition 

 HLF Heap Leach Facility 

 ROM Run-of-Mine 

 WRD Waste Rock Dumps 

 WRD Waste Rock Dumps 

 HLP Heap Leach Pad 

 HLWF Heap Leach Waste Facility 

 LOM Life Of Mine 

 AMD Acid Mine Drainage 

EPM Equivalent porous medium 

REV Representative elementary volume 
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 Groundwater Assessment for the Heap Leach facility at Husab Mine 

 INTRODUCTION 

SLR Environmental Consulting (Namibia) (Pty) Ltd (“SLR”) was appointed by Swakop Uranium (Pty) Ltd 

(“SU”) to assess the potential impact of a planned Heap Leach Facility (“HLF”) on groundwater at the Husab 

Mine. The facility is envisioned to treat low-grade Run-of-Mine (“ROM”) material to extract available 

uranium through a heap leach process. The HLF design includes a dynamic heap leach circuit, with a 

dedicated residue waste storage facility, and associated civil, electrical, and surface water management 

infrastructure. The process facilities will be as following:  

• Crushing, Screening and Agglomeration.  

• Reagent Storage.  

• Heap Leach, Solution Handling and Reclamation.  

• Leach Waste Storage.  

• Services and Utilities  

• TLF Interfacing.  

 

Two options are being investigated in consideration of existing mining infrastructure such as the mine pits, 

existing Waste Rock Dumps (WRD), Tailings Storage Facility (TSF) and the plant area as well as 

environmental factors.  

Figure 1-1 shows Option G in purple, with planned Heap Leach Pad (HLP) and Heap Leach Waste Facility 

(HLWF) located around the existing WRD while Option H is in blue, with planned HLP proximal to the plant 

area and HLWF south of the existing WRD.  

 

This groundwater assessment report, in conjunction with the groundwater model report, elaborates on the 

results of a groundwater impact assessment of potential risks posed by the HLF options on underlying 

groundwater. Based on the outcome of the assessment a ranking of the two options is given together with 

recommendations for mitigation measures. 
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Figure 1-1: Proposed Heap Leach Options in relation to Husab Mine infrastructure and Groundwater Monitoring Network 
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 SUMMARY OF PREDICTIVE CONTAMINATION FROM THE TWO HEAP LEACH 

OPTIONS 

Results on the extent and migration of the potential pollution plume from the proposed infrastructure are 

summarised from the HLF groundwater model report (SLR, 2021) in subsections below. 

2.1 AQUIFER CHARACTERISTICS AND CLASSIFICATION 

Three aquifers exist within the mine license area, these can potentially be impacted by the activities at the 

HLF. The following is summarised in terms of aquifer types, thickness, and groundwater levels:  

• Alluvial aquifers have a general thickness between 10 and 30 meters and are characterised by high 

groundwater potential in terms of yield. Observed water levels in by 2020 were between 

approximately 4 and 11 m bgl in the Swakop River and between 12 and 18 bgl in the Khan River. 

• NE-SW trending calcretised paleochannels comprising unconsolidated to semi-consolidated alluvial 

sediments with a low permeability has thickness from less than a metre in the west of the site to 

over 140 m northeast of the site; it does not appear to be continuously open to the southwest. The 

river channel feeds Welwitschias that are prevalent along the washes. By 2020 groundwater levels 

in boreholes RS6 and GW11 were approximately 57 m bgl and 67 bgl, respectively. The water level 

in RS6, monitored since 2009, shows only minor water level fluctuations, which at this stage cannot 

be linked directly to distinct rainfall events.  

• Bedrock fractured aquifers comprising of pre-Damara basement rocks of the Abbabis Metamorphic 

Complex and Damara age meta-sedimentary units have groundwater held in fissures and fractures 

in otherwise impermeable strata. Groundwater levels in this domain are relatively deep, ranging 

from > 60 to 120 m bgl. Groundwater levels in rocks of the Welwitschia Syncline (marbles of the 

Karibib Formation and schists of the Kuiseb Formation) range between approximately 30 m bgl to 

60 m bgl.  

2.2 CLOSURE MODELLING 

No seepage during closure were estimated or modelled as the HLWF and the heap leach pad will be 

removed at mine closure and will be discarded on the mine’s existing WRD. The development, calibration, 

and the results of predictive simulations from any groundwater model was based on available data, 

assumptions were thus made during modelling since it is not possible to characterise the entire 

groundwater system in detail. Apart from the non-unique solution of any model calibration, in case of this 

model study, major uncertainties are related to groundwater recharge, hydraulic parameters and the spatial 

(and temporal) distribution of both. General assumptions and further considerations taken were as 

following:  

• A general assumption that hydraulic conductivity and groundwater storage decreases with depth, 

especially in hard-rock aquifers where fracture density and porosity change with depth, which was 

not simulated in the current model was made. Further, since there was a high uncertainty regarding 

storage parameters, which could not be calibrated.  

• only steady state calibration was carried out the lengths of the predictive models are excessive 

compared to the calibration period and therefore especially predictions made for later years during 

LOM have high uncertainty.  

The hydrogeological units within the model domain were represented applying the EPM approach while the 

distribution, frequency and interconnection of water bearing features is unknown. When fractures are not 



  Swakop Uranium (Pty) Ltd  SLR Project No:   733.19008.00077 
 June 2021 
 

 

 

 Page 4  

 Groundwater Assessment for the Heap Leach facility at Husab Mine 

SU_Heap Leach GW Impact assessment report V1 

evenly spaced and identical, then it is no longer clear that an REV exists. The large variability of hydraulic 

conductivity made characterisation of average values very difficult, and preferential orientation of fractures 

will usually result in anisotropy. With regard to the solute transport simulations, additional uncertainties 

prevailed, since spreading in a fractured rock aquifer is expected to be a highly anisotropic process. The 

results and predictions obtained were considered as high level only. The model can be described as an initial 

assessment of the potential risk, which should be refined and improved to higher classes as additional data 

is gathered.  

overall, despite these limitations listed above, the model is fit for purpose with the available data and 

required modelling objectives and provides a better understanding of the hydrogeological system and the 

nature of the changes in the system that might occur because of the mining activities. 

The HLF and HLWF will be lined with a class 3 liner. The transient non-reactive transport simulations indicate 

that any potential leachates from the HLF’s leach pad and HLWF will be stored in the sediments underlying 

the facility and will not migrate horizontally to any significant extent. Additionally, vertical migration of 

contaminated seepage will be limited, and no significant migration of the contaminant plume was 

predicted.  

2.3 MODELLING RESULTS  

Operational transient conservative contaminant transport was simulated for the three (3) HLF options using 
the current site calibrated steady state groundwater flow model. Mine dewatering was included in the 
transport models to account for the potential impact of dewatering on the fate and transport of 
contaminants emanating from the three (3) HLF options.  

• Option G: Surrounding existing mine WRD (Figure 2-1) the spreading of the plume emanating from 

the HLF predicted for the end of LOM is illustrated for Option G. The simulation results suggest that 

during Life of Mine (LOM) any seepage will be stored in the sediments underlying the facility and 

will not migrate horizontally to any significant extent. Additionally, vertical migration of 

contaminated seepage will only reach approximately 70 m below the heap leach pad and 80 m 

below the HLWF. As the HLF will be constructed with a Class C liner as a main mitigation measure, 

the volume of seepage into groundwater is likely to be very low resulting in a no significant 

migration of potential seepage from the HLF.  

• Option H: North-East of existing mine TSF in Figure 2-2 the spreading of the plume emanating from 

the HLF predicted for the end of LOM is illustrated for Option H. The simulation results suggest that 

during LOM any seepage will be stored in the sediments underlying the facility and will not migrate 

horizontally to any significant extent. Additionally, vertical migration of contaminated seepage will 

only reach approximately 20 m below the heap leach pad and 70 m below the HLWF. As the HLF 

will be constructed with a Class C liner as a main mitigation measure, the volume of seepage into 

groundwater is likely to be very low resulting in a no significant migration of potential seepage from 

the HLF.  

• Option K: Surrounding existing mine WRD, in Figure 2-3, where simulation show the spreading of 
the plume emanating from the HLF predicted for the end of LOM is illustrated for Option K. The 
simulation results suggest that during LOM any seepage will be stored in the sediments underlying 
the facility and will not migrate horizontally to any significant extent. Additionally, vertical migration 
of contaminated seepage will only reach approximately 60 m below the heap leach pad and 80 m 
below the HLF WRD. As the HLF will be constructed with a Class C liner as a main mitigation measure, 
the volume of seepage into groundwater is likely to be very low resulting in a no significant 
migration of potential seepage from the HLF. 
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Figure 2-1: Contaminate transport of the potential plume emanating from the HLF after LOM – Option G model layer 1.  
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Figure 2-2: West-East cross section – Contaminate transport of potential plume below the HLF – Option H 
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Figure 2-3: Contaminate transport of potential plume emanating from the HLF after LOM – Option K model layer 1. 
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 GROUNDWATER IMPACT ASSESSMENT 

Sources of potential impact on groundwater are the HLF, HL Ponds and HLWF. The potential impact 

on groundwater is mainly on water quality that will deteriorate due to percolation of seepage of 

leachate from the HLF as well as potential acid mine drainage (AMD) from any leachable material 

remaining after processing that may result from percolation of leachate run-off entering the ground 

and recharging groundwater. This assessment determines which of the three (3) options is most 

desirable considering the main potential impacted identified in the model report following the 

methodology presented in Table 3-1. 

 

When assessing groundwater contamination which may be as a result of seepage and recharge by 

contaminated leachate from the HLF and potential AMD from HLWF, it should be noted that: 

• Groundwater quality is generally saline in boreholes within the ML area and exceeds national 

guidelines for drinking water, while ambient uranium concentration in the groundwater is not 

linked to mining activity.  

• Model results show that a portion of seepage from the HLWF will percolate the subsurface as 

increased groundwater recharge ranging between 1.0% and 0.5% of MAP during the 

operational phase. This is the case for all three options. Seepage will be stored the sediments 

underlying the facility; no seepage during closure were estimated or modelled as the HLWF 

will be removed at closure of the facility.  

• For Option G, the model shows that vertical migration of contaminated seepage will only 

reach approximately 70 m below the heap leach pad and 80 m below the HLWF while for 

Option H, vertical migration of contaminated seepage will only reach approximately 20 m 

below the heap leach pad and 70 m below the HLWF. Whereas Option K, vertical migration of 

contaminated seepage will only reach approximately 60 m below the heap leach pad and 80 

m below the HLWF. 

• The total concentrations of boron (B), barium (Ba), lead (Pb), nickel (Ni) in all post leach 

residue samples exceeded TCT0 (GN R.635 of 2013). The HFL post leach residue waste was 

classified as Type 3 waste requiring a Class C barrier system as concentration levels for metal 

ions and inorganic anions below or equal to the LCT0 limits. The waste is considered to be 

Type 3 waste irrespective of the total concentration of elements or chemical substance in the 

waste, provided that the physical and chemical characteristics of the waste are stable and will 

not change over time, and the waste is disposed of to the HLWF without any other waste.  

• In terms of acid mine drainage (AMD), the geological environment can be described as having 

a predominantly low neutralising potential (NP) although acid potential appears to be 

associated with the presence of pyrite, except for calcsilicate, which has an excess of 

neutralisation potential. The drainage emanating from the HLWF may be acidic if the acid 

potential of the pyrite-bearing rock exceeds the available NP and the sporadic rainfall of the 

area results in drainage from the piles. The concentrations of F and Hg in drainage may pose 

a groundwater quality risk. Drainage quality will depend, to a significant degree, on the solid 

to solution (rock to rainfall infiltration) ratio within the HLWF. The risk is expected to be 

minimal due to low rainfall received at Husab Mine. 
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Table 3-1: Impact Assessment Methodology 
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 
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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 

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. 
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Project Activities POTENTIAL GROUNDWATER IMPACT IN THE UNMANAGED SCENARIO POTENTIAL GROUNDWATER IMPACT IN THE MANAGED SCENARIO 

Deep groundwater contamination 

due to seepage and recharge by 

contaminated leachate from the 

HLF, potential AMD and run-off from 

HLWF considering Options G 

(surrounding existing WRD). 

Severity 

Option G sees infrastructure located around the existing WRD. The model results show that a portion of seepage from the HLF will percolate into the ground, this 

will reach only approximately 70 to 80 m bgl.  Downstream the existing WRD, GW41 and GWNO7S have groundwater levels between 50-80 m bgl respectively. 

 

Contaminated seepage can have negative impact on groundwater in the deep aquifer in the event that such contamination reaches the deep-water table overlain 

by relatively calcretised sediments which is thick at the leach pad location. Further, there is potential for AMD and any contaminated run-off from the HLWF and 

SEM piles contaminating deep groundwater where sediments are relatively thinner.   

Because of the thick low permeability calcretised sediments that are underly the leach pad and, the severity of the severity of the impact will be Medium in the 

unmitigated case i.e. no Class C barrier due to the NP (Neutralisation Potential) of the Husab lithologies though likely to be leached over the short term can limit 

contamination transport. However, the HLWF is underlain by relatively thinner sediments and the deep ground water is more at risk.   

 

Duration 

In the unmitigated case, the pollutants will remain beyond closure of mine. In this regard the risk is High.  

 

Spatial Scale 

The transient non-reactive transport simulations indicate potential leachates from the HLF’s leach pad and HLWF will be stored in the sediments underlying the 

facility and will not migrate horizontally to any significant extent. Additionally, vertical migration of contaminated seepage will be limited, and no significant 

migration of the contaminant plume was predicted. 

 

In the unmitigated case, the spatial scale of the pollutants will be localised and classified Low, with low likely hood of going beyond the ML area. This considers the 

low transitivity of paleo-channels aquifers.  

Unmitigated Assessment: 

Severity: Medium 

Duration: High 

Spatial Scale: Low 

Consequence: Medium 

Probability: High 

Significance: Medium 
 

 

The HFL post leach residue waste was classified as Type 3 waste requiring a Class C barrier system to reduce the seepage of leachate 

into underlying aquifers at both infrastructures. The barrier is the main mitigation measure. This will reduce the volume of seepage 

into groundwater is likely to be very low resulting in a no significant migration of potential seepage from the HLF.  

 

Further, HLF and all associated infrastructure will be removed at mine closure and any waste will be discarded on the HLWF, this will 

then further minimise the potential risk from the facility leaving, thus no post closure from this infrastructure.   

The measure will Lower severity, probability and spatial scale of the impact significantly. However, the duration of impacts due to a 

breach in the barrier will remain High.  

 

The client must ensure that the required liner will conform to the applicable norms and standards. It should be noted that local 

calcsilicate can be used as a resource of neutralising potential, if used as a base layer for the liner, it can mitigate possible acid drainage 

at the source; the description for the liner in the DFS/Golder report.  

 

It should still be established if any pathway from the source to the receptor exists through a source-pathway-receptor assessment is 

required to assess whether numerical modelling of downstream risk is required.  

 

Where infrastructure is located west of the Husab river and its streams, as is in Option K, 100 m should be maintained away from the 

river. Provision must also be made for the Husab diversion channel to be engineered and implemented before the waste rock dump 

expansion.  

 

 

Groundwater quality monitoring already established at the mine should continue and consider the HLF. Two additional monitoring 

boreholes (one deep and one shallow) are recommended downstream the HLWF under Option H and Option K. This will serve an 

early warning system should the barrier be breached to the point where seepage reaches groundwater table. Additional boreholes 

down dip of the proposed facilities? 

 

 

 

 

 

 

Mitigated Assessment for Options G, H and K:  

Severity: Low 

Duration: High 

Spatial Scale: Low  

Consequence: Medium 

Probability: Low  

Significance: Low  

 

 

 

 

 

 

Deep groundwater contamination 

due to seepage and recharge by 

contaminated leachate from the HLF 

and potential AMD and run-off from 

the HLWF through pathways 

considering Options H (north-east of 

existing TSF).  

Severity 

HLF infrastructure are located to the north -east of the existing TSF with the leach pad proximal to the plant area while the HLWF will be south of the existing WRD. 

The model results show that a portion of seepage from the HLF will percolate into the ground, this will reach only approximately 20 to 70 m bgl at the leach pad 

and HLWF respectively, impacting groundwater quality significantly sooner in the fractured aquifer at the leach pad. Proximal to the plant area and downstream 

the planned HLP, GW24 and RS4 have groundwater levels between 60 and 85 respectively. Whereas downstream the WRD have groundwater levels GW41 and 

GWNO7S have groundwater levels between 50 and 80 m bgl respectively 

 

When considering the character of the fractured aquifer at the potential site of the leach pad, the severity of the impact will be Medium in the unmitigated case 

i.e. no Class C barrier;  as potential fractures at exposed basement outcrops will expediate seepage into groundwater once the NP potential of the regolith is 

exceeded. At the HLWF, deep water levels are expected to have relatively Medium risk in the unmitigated case due to overlaying thick sediments.  

 

Duration 

In the unmitigated case, the pollutants will remain beyond closure of mine. In this regard the risk is High.  

 

Spatial Scale 

The transient non-reactive transport simulations indicate potential leachates from the HLF’s leach pad and WRD will be stored in the sediments underlying the 

facility and will not migrate horizontally to any significant extent. Additionally, vertical migration of contaminated seepage will be limited, and no significant 

migration of the contaminant plume was predicted. 

In the unmitigated case, the spatial scale of the pollutants will be localised and classified Low, with low likelihood of going beyond the ML area.  

Unmitigated Assessment: 

Severity: Medium 

Duration: High 

Spatial Scale: Low  

Consequence: Medium 
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Probability: Medium 

Significance: Medium 
 

Deep groundwater contamination 

due to seepage and recharge by 

contaminated leachate from the 

HLF, potential AMD and run-off from 

HLWF pile considering Options K 

(surrounding existing WRD). 

Severity 

Option K sees infrastructure located around the existing WRD similar but oriented differently from Option G. The model results show that seepage will only reach 

approximately 60 m below the heap leach pad and 80 m below the HLF WRD. Downstream the existing WRD and the area where the HLP will be located, GW41 and 

GWNO7S have groundwater levels between 50 and 80 m bgl respectively. There are no existing boreholes downstream the planned HLWF. 

 

Contaminated seepage can have negative impact on groundwater in the deep aquifer in the event that such contamination reaches the deep-water table overlain 

by relatively calcretised sediments which is thick at the leach pad location. Further, there is potential for AMD and any contaminated run-off from the HLWF and 

SEM piles contaminating deep groundwater where sediments are relatively thinner.  

Because of the thick low permeability calcretised sediments that are underly the leach pad and, the severity of the severity of the impact will be Medium in the 

unmitigated case i.e. no Class C barrier due to the NP (Neutralisation Potential) of the Husab lithologies though likely to be leached over the short term can limit 

contamination transport. However, the HLWF is underlain by relatively thinner sediments and the deep ground water is more at risk.   

 

Duration 

In the unmitigated case, the pollutants will remain beyond closure of mine. In this regard the risk is High.  

 

Spatial Scale 

The transient non-reactive transport simulations indicate potential leachates from the HLF’s leach pad and HLWF will be stored in the sediments underlying the 

facility and will not migrate horizontally to any significant extent. Additionally, vertical migration of contaminated seepage will be limited, and no significant 

migration of the contaminant plume was predicted. 

 

In the unmitigated case, the spatial scale of the pollutants will be localised and classified Low, with low likely hood of going beyond the ML area. This considers the 

low transitivity of paleo-channels aquifers.  

Unmitigated Assessment: 

Severity: Medium 

Duration: High 

Spatial Scale: Low  

Consequence: Medium 

Probability: High 

Significance: Medium 
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Shallow groundwater contamination 

due seepage and recharge by 

contaminated leachate from the HLF 

and potential and run-off from HLWF 

considering Option G and Option K 

(surrounding existing WRD). 

 

Severity 

 

Option G and Option K sees infrastructure located around the existing WRD although oriented differently. In the areas surrounding the existing WRD, a perched 

aquifer forms from run-off and feeds the Welwitschias that are in the channel washes especially to the east and southwards of the existing WRD.  

 

When considering the character of the underlying aquifer at the potential sites, the NP (Neutralisation Potential) of the Husab lithologies are thicker at the leach 

pad can be leached over the short term which will have some impact on contaminate transport over that period. However, in the paleo-channel where the HLWF 

is planned, the lithologies are relatively thinner. Runoff from the HLF and HLWF may reach the drainage lines and recharge the shallow perched alluvial aquifer of 

the Husab drainage, thereby potentially polluting the water source of the downgradient Welwitschia plants  Therefore, the severity of the impact will be High in 

the unmitigated case i.e. no Class C barrier 

 

Duration 

In the unmitigated case, the pollutants will remain beyond closure of mine. In this regard the risk is High.  

 

Unmitigated Assessment: 

Severity: High 

Duration: High 

Consequence: High 

Spatial Scale: Medium 

Probability: High 

Significance: High 
 

The HFL post leach residue waste was classified as Type 3 waste requiring a Class C barrier system to reduce the seepage of leachate 

into underlying aquifers at both infrastructures. The barrier is the main mitigation measure.  

 

The client must ensure that the required liner will conform to the applicable norms and standards. It should be noted that local 

calcsilicate can be used as a resource of neutralising potential, if used as a base layer for the WRD and SEM piles, it can mitigate 

possible acid drainage at the source (description for the liner in the DFS/Golder report). 

 

It should still be established if any pathway from the source to the receptor exists through a source-pathway-receptor assessment is 

required to assess whether numerical modelling of downstream risk is required.  

 

Where infrastructure is located west of the Husab river and its streams, 100 m should be maintained away from the river. 

Contaminated run-off from the WRD will impact shallow groundwater. Provision must also be made for the Husab diversion channel 

to be engineered and implemented before the waste rock dump expansion. HLWF should be covered after mine closure to prevent 

long term runoff from acidic HLWF. Proper stormwater management will be required during life of mine for both HLF and HLWF. 

 

Groundwater quality monitoring already established at the mine should continue and consider the HLF. Two additional monitoring 

boreholes (one deep and one shallow) are recommended downstream the HLWF under Option H and Option K. This will serve an 

early warning system should the barrier be breached to the point where seepage reaches groundwater table.  

 

Mitigated Assessment Option G & Option K:  

 

Severity: Medium 

Duration: High 

Consequence: Medium 

Spatial Scale: Medium  

Probability: Low 

Significance: Low  

 

 

In relation to Option G and Option K, impact on the shallow water table from Option H is relatively lowered considering mitigation 

measures that further reduce risk to the perched aquifer that feeds the Welwitschias. In this case, surface drainage from the HLWF 

will be confined to the plant area within a safe zone from the western bank of the Husab River.  

 

 

 

Mitigated Assessment Option H:  

Severity: Low 

Duration: High 

Consequence: Medium 

Spatial Scale: Medium 

Probability: Low  

Significance: Low  
 

 

Shallow groundwater contamination 

due seepage and recharge by 

contaminated leachate from the HLF 

and potential AMD and run-off from 

HLWFOption H (north-east of 

existing TSF). 

 

Severity 

HLF infrastructure are located to the north east of the existing TSF with the leach pad proximal to the plant area while the HLWF will be south of the existing WRD. 

 

When considering the character of the underlying aquifer at the potential sites, the severity of the impact will be Medium at the leach pad while medium at the 

HLWF that is located into the south of the existing WRD where the is deep unsaturated sediments but on the west bank of the Husab River in the unmitigated case 

i.e. no Class C barrier; the NP (Neutralisation Potential) of the Husab lithologies can be leached over the short term. 

 

Duration 

In the unmitigated case, the pollutants will remain beyond closure of mine. In this regard the risk is High.  

 

Spatial Scale 

 

In the unmitigated case, the spatial scale of the pollutants will not be localised and classified Medium, with low likelihood of going beyond the ML area. This 

considers the low transitivity of paleo-channels aquifers.  

 

Unmitigated Assessment: 

Severity: Medium 

Duration: High 

Consequence: Medium 

Spatial Scale: Medium  

Probability: High 

Significance: High 
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 CONCLUSIONS & RECOMMENDATIONS 

4.1 CONCLUSION 

According to the model report (SLR, 2021), the transient non-reactive transport simulations indicate 
potential leachates from the HLF’s leach pad and HLWF will be stored in the sediments underlying the facility 
and will not migrate horizontally to any significant extent. Additionally, vertical migration of contaminated 
seepage will be limited, and no significant migration of the contaminant plume was predicted. 

It is further stated that, the simulation results suggest that during LOM any seepage will be stored in the 
sediments underlying the facility and will not migrate horizontally to any significant extent for both Option 
G, Option H ang Option K. Additionally, overall vertical migration of contaminated seepage will reach 
approximately from 20 m to 80 m below surface across the three.  

In terms of risk to groundwater quality to both shallow and deep groundwater was assessed as well as 
considering groundwater as a source for the Welwitschia that are a protected plant. The assessment shows 
that all options in the mitigated case will have similar impact.   

As the HLF will be constructed with a Class C liner as a main mitigation measure, the volume of seepage into 
groundwater is likely to be very low resulting in a no significant migration of potential seepage from the 
HLF. The specification of the liner must conform to standards.  

In addition, where infrastructure is located proximal to the Husab River should be located 100 m from the 
riverbanks to limit further impact of potentially contaminated run-off from reaching the streams. Space 
should also be left to accommodate the Husab River diversion to be constructed around the proposed 
expansion of the current WRD. 

Stormwater management and capture of runoff from HLF and HLWF during life of mine to prevent runoff 
reaching shallow aquifers in river channel. 

HLWF to be covered with waste rock to prevent polluted runoff or ARD after mine closure. 

4.2 RECOMMENDATIONS 

The following recommendations should be considered: 

• From the groundwater perspective all three options are acceptable under conditions.; 

• HLF and HLWF should preferably both be located within the cone of drawdown cause by mine pit 

dewatering. 

• The HLF and HLWF must both be lined with a Class C liner to prevent seepage water to reach the 

underlying formations 

• The HLWF should be located 100 m from the west bank of the Husab River and its streams;  

• Proper stormwater management required to prevent runoff reaching the shallow Husab River 

drainage and subsequently the shallow perched alluvial aquifer, feeding downstream Welwitschias. 

• A source-pathway-receptor assessment should be conducted to assess whether numerical 

modelling of downstream risk is required; and 

• Two additional monitoring boreholes (one deep and one shallow) recommended downstream the 

HLWF under Option H (red dots in Figure 4-1) and Option K (red dots in Figure 4-2). Established 

monitoring should continue as an early warning system for breach in the infrastructure. Parameters 

to be monitored in terms of quality should consider current monitoring and the final quality of the 

leachate.  
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Figure 4-1: Option H and Recommendation of Two Additional Monitoring Boreholes for the HLF (red Dots) 
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Figure 4-2: Option K and Recommendation of Two Additional Monitoring Boreholes for the HLWF (red Dots) 
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