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EXECUTIVE SUMMARY 

MINE HYDROGEOLOGY 

The Husab area has a complex geology, which has resulted in an area of variable, but low 

groundwater potential.  Mineral exploration drilling and installation of water monitoring bores 

has identified some formations where limited water supplies can be obtained.  Three different 

aquifer systems, all with relatively low supply potential, exist around the mine site: 

▼ Saturated alluvium associated with major rivers (i.e. Khan and Swakop rivers). 

▼ Saturated alluvium associated with the Husab plain. 

▼ Fractured / weathered bedrock aquifers. 

The drilling into the bedrock on site has shown that highest inflows were encountered in alaskite 

zones and in areas of biotite schists.  Inflow into future open pits is expected to occur 

predominantly along these zones. 

GROUNDWATER FLOW 

Along the flat plain area to the east and south of the proposed open pits, the groundwater flow 

is to the south and south-west, following the surface topography.  However to the west of the 

pits, there is a sharp drop in surface topography from the edge of the plain down to the Khan 

river and groundwater gradients are expected to deviate from the regional NNE-SSW flow 

direction, to an E-W flow direction.  The occurrence of the Kuiseb syncline and associated 

Karibib marbles appears to be a potential barrier to flows between the pits and the Khan River.  

Both water levels and water chemistry show the marbles and the syncline to be a low 

permeability, low flow area.   

QUALITY 

The water is saline, with inflow to the open pits expected to approximately 7,000mg/L TDS.  

There area some areas (i.e. marbles and the syncline) which have a different total salt level, 

although the chemical signature of all the groundwater is that of Na / Cl, “end point” water, 

indicating old water.  The syncline area (just to the west of the pits) has a more saline water, in 

the range of 20,000mg/L TDS.   

MINE DEWATERING  

Estimation of groundwater inflow to the Zone 1 and Zone 2 open pits, based on available data, 

has indicated a total inflow into both pits, in the range of 37 - 82L/s.  The Zone 1 pit is 

developed in advance of Zone 2, so inflow to Zone 1 results in advanced dewatering of Zone 2 – 

inflow into the Zone 1 pit is generally greater than for the Zone 2 pit.  During the mine life, the 

seepage from the tailings facility results in an inflow into the pits above evaporation losses form 

the pit, so some minor pit dewatering would be required.  However, once the tailing seepage 

stops, the predicted inflows for each pit are well below the potential evaporation from the pit 

floor of each pit.  As a result, seepage into the pit will be lost to evaporation and the pits will be 

dry.  There may be short periods during mining when inflows linked to specific structures could 

require localised sump pumping to control inflows. 

GROUNDWATER SUPPLIES 

The area has a low groundwater potential and local groundwater supplies will not be able to 

supply the mine’s demand.  Bores in the local bedrock aquifers deliver under 1L/s, while bores 

in the Khan and Swakop alluvial aquifers can deliver 5 – 15L/s.  However, in all cases the 

recharge to the aquifers is limited and long term sustainable yields are low.  Restrictions on 

abstraction from the alluvial aquifers, based on experience from Rössing Mine, is likely to limit 

abstraction rates to under 15L/s in total, per alluvial aquifer system.  Groundwater is not seen 

as a large scale water supply and is likely only to be used during the mineral exploration drilling 

phase of the project, or as a supplementary supply during the construction phase. 
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WATER POLLUTION RISKS 

Concerns have been raised about potential pollution from mine activities, especially in terms of 
contamination of the Khan and Swakop alluvial aquifer systems.  However, if potential mine 

services are sited within the cone of depression that will develop around the open pits, any 

contaminated seepage would flow towards the pits.  During the mining and for a period after 
mining stops, seepage out of the tailings and rock waste co-disposal facility will result in a 
“recharge mound” developing below the facility.  This recharge mound will temporarily alter the 

cone of depressions caused by the open pit dewatering and will change seepage flow directions.  

However, after mining ceases and seepage from the facility stops, the climatic conditions (high 
evaporation and low rainfall) and hydrogeological conditions (low inflow and low recharge) will 
maintain the long term development of a cone of depression around the pits.  The particle 

tracking of seepage from the tailings and rock waste co-disposal facility shows that over the 

short term, seepage can move away from the facility, but over the long term, this seepage will 
move back to the open pits.   

IMPACTS ON OTHER USERS 

The only known groundwater user within 5km of the mine site, is the Rössing Mine, with bores 
in the Khan alluvial aquifer, approximately 3km to the northwest of the end of the Zone 1 pit.  
Other than the Rössing bores, the next nearest bores are 19kms to the east (farmers bores) 

located in a different catchment.  Estimation of the cone of depression, with increased 
drawdown along strike and lesser drawdown across the strike, shows a cone of depression that 

may impact on the Khan River, to the north of the mine site.  However, this estimation 

presumes that there is aquifer continuity along strike for a full 3km to the river, which, in the 
complex variable geology that exists, is unlikely to be the case – the Karabib marble occurs 
between the mine and the river in this area, forming a low permeability barrier to flow.  Even if 

the cone of depression does reach the river, the amount of seepage leaving the river will be 

very small (<1%), in comparison to the flow taking place within the river alluvium.   
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1 INTRODUCTION 

Swakop Uranium are currently undertaking an Engineering Cost Study (ECS) to evaluate the 

mining of a uranium prospect in Namibia.  The prospect is located approximately 50km east of 

Swakopmund, in an area covered by an exclusive prospecting license (EPL3138) and 

immediately to the south of Rio Tinto’s Rössing Uranium Mine.  As part of the ECS, Aquaterra 

have been asked to assess and report on the hydrogeology of the site.   

1.1 STUDY OBJECTIVES 

The Scope of Work issued by Swakop Uranium for the ECS essentially covers the Engineering 

contract to complete and manage all activities required (including design, engineering, 

approvals) of an initial ECS and subsequent Definitive Feasibility Study (DFS).  Aquaterra form 

part of the overall team, covering key areas where hydrogeology and groundwater management 

will have a direct impact on the Project.   

The schedule requires that the ECS be completed by February 2010, with the DFS completed by 

early June 2010.  The ECS study is to address mining from both the Zone 1 and Zone 2 

deposits, with a 16 year mine life (18 months of pre-strip and 14 years of ore processing) 

expected at a mine rate of 15Mtpa. 

1.2 SCOPE OF PROJECT 

The work carried out in the ECS was initially confined to assessing available information, 

providing preliminary interpretations to the overall Project team and scoping the future site 

specific work that would be required to achieve a DFS level of confidence in all hydrogeological 

aspects of the mine water management.  A Prefeasibility Level Study (PFS) Report was 

completed based on this work (Aquaterra, 2009).  The work for the ECS built on the PFS, but 

was updated after a field investigation allowed the collection of site specific information. 

The work undertaken for the ECS included the following: 

▼ Drilling of 9 water level monitoring bores and 2 test bores. 

▼ Permeability testing of these 11 bores, as well as 6 geotechnical bores and 3 existing 

water supply bores. 

▼ Collection of water samples from these bores. 

▼ Provision of hydrogeological input to site selection and concept designs in regards to the 

tailings storage facility, waste dumps and mine infrastructure. 

▼ Development of a numerical model to allow prediction of dewatering and mining related 

impacts. 

▼ Prediction of impacts related to seepage from the mine site. 

▼ Reporting. 
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2 BACKGROUND 

2.1 CLIMATE 

The project area is characterised by an arid climatic regime, with low sporadic rainfall averaging 

around 30mm per year, although high rainfall events (over 20mm) occur periodically.  Rain 

occurs predominantly in summer.  Evaporation (averaging 3200mm per year) far exceeds 

rainfall.  The project area lies within the outer range of the Atlantic coastal fog zone.  

Temperatures average over 25 degrees celsius in the summer months, and can peak at over  

40 degrees.  Winter temperatures are somewhat milder, with cool mornings and daily maxima 

around 20 degrees.   

Winds are generally from the north-west, but occasional strong north-easterly winds from the 

interior (Berg winds) bring hot dusty conditions.  The Berg winds blow approximately 50 times 

per year and can transport large amounts of dust, sand and fine gravel. 

2.2 PHYSIOGRAPHY 

The area of the Husab Project is typified by flat desert plain, which borders to the north-west on 

rugged gully terrain, linked to the Khan River.  The plains are characterised by surface sand and 

grit cover over the underlying bedrock, although this cover falls away along a northeast – 

southwest trending scarp line, as the terrain drops down to the Khan river. 

In the east of EPL 3138, the Husab Mountains define the eastern edge of an extensive inter-

montane plain, lying between the Khan River and the mountains.  The plain shows little relief 

apart from occasional hills, and is poorly vegetated in the Namib Park, although reasonably 

well-grassed over farmland to the north.  The plain shows a typical desert deflation surface 

composed of calcretised surface sand and grits with minor sub-crop.  To the north west of the 

scarp, water erosion has formed a badlands environment showing elements of extreme 

topography, cut by deep river valleys.  A similar environment occurs to the very south of the 

area, where the plain drops down to the Swakop River.   

2.3 SURFACE WATER HYDROLOGY 

2.3.1 REGIONAL DRAINAGE 

All the rivers in the area are non-perennial, with flow only taking place after major rainfall 

events.  The closest major river course (the Khan River) is incised into a rugged valley, 

approximately 200m below the plain where the mine would be developed and 3km to the north-

west.  The Khan is one of the major river systems in the Namib Desert, draining water from the 

inland plateau to the coast after major rainfall events.  River flow seldom reaches the coast, 

only taking place during years of exceptional rain.  Twenty kilometres to the south of the mine, 

the Swakop river is similarly incised into the surrounding terrain.  The confluence of these two 

rivers is approximately 18km south-west of the south-western edge of the Zone 2 pit, still some 

45km from the coast.  Both river systems have subsurface stream flow in the river alluvium. 

2.3.2 LOCAL DRAINAGE 

The plain area where the proposed Zone 1 and Zone 2 open pits would be developed sits on a 

flat plain, which drains gently to the south-southwest (towards the Swakop river).  Very broad 

drainage courses exist.  Parts of the mine area are expected to be to the west of the scarp 

(which forms a surface flow divide) and some surface water flow from the mine area would be 

expected to move towards the Khan River. 

2.4 PROJECT GEOLOGY 

The Husab uranium deposit is located within the Erongo Region alaskite belt of western central 

Namibia.  The Erongo Region alaskite belt lies within the South Central Zone of the Damara 

Orogenic Belt, located in an area of extensive isoclinal folding and basement uplift. 

Examples of primary granite hosted uranium mineralisation of “Rössing” type in the Erongo 

Region, are associated with folded Neoproterozoic metasediments and gneiss of the lower 

section of the Damara (Pan-African) Orogeny.  Examples include the Rössing Mine, Husab, 
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Etango (Goanikontes), and Valencia.  All of the known occurrences share broadly similar 

geological and age characteristics, and occupy structurally prepared dilational sites, usually 

within 6 kilometres of exhumed Palaeo to Middle Proterozoic basement complexes.  Ubiquitous 

basement doming in the South Central Zone is a product of NE-SW crustal shortening resulting 

from the closure of a pre-existing intra-continental rift system.     

The uranium mineralisation at Husab is hosted predominantly by a series of semi-conformable 

alkali feldspar granitic to pegmatitic dykes intruding schists, quartzites and calc-silicate rocks of 

the Rössing Formation.  Quartz-diopside calc-silicate uints, and quartz-biotite schists make up 

minor components of the mineralised inventory at Husab.  The mineralised zones are arranged 

around the limbs of local dome structures cored by amphibole and pyroxene bearing gneiss of 

the Khan Formation (Nosib Group) (Figure 2.1).  The presently defined uranium resources at 

Husab are located on the eastern limb of the Husab Anticline, although uranium mineraliation is 

known from the western limb of the Husab Anticline also.  Only minor uranium bearing alaskite 

dykes are present within the underlying Khan Formation and overlying Chuos Formation.  This is 

a point of difference between Husab and other occurrences of uranium bearing leucogranites 

within the Erongo Region. 

Uranium mineralogy at Husab comprises majority fine grained disseminated uraninite, with local 

coffinite, traces of pyrochlore (betafite) and brannerite, together with occasionally abundant 

secondary uranium silicates developed on joint planes and fracture surfaces.  Extraction test 

work on Hasub mineralised material confirms high uranium recoveries from a conventional acid 

leach processing route.   

The basement rocks are covered to the northeast and south by stranded cover sequences of 

flat-lying calcrete and alluvial deposits, which are associated with a broad northeast trending 

valley marginal to the Khan River. 

The stratigraphy relevant to the study area is provided in Table 2.1, while a schematic cross 

section across the ore body (east-west) is provided for 7506000mN (Figure 2.2). 

The Namib Group sands, which overlie the bedrock, vary in thickness from under a meter in the 

very north-west of the study area, to over 140m to the east and south.  Contouring of the depth 

to bedrock, indicates a “palaeo-basin” trending NE-SW through the area (Figure 2.3), broadly 

parallel to the current Khan drainage line.  The lithology varies from surficial, unconsolidated 

sands, to semi-consolidated fine grained gravels, with clay horizons also encountered in the 

southern and south-eastern end of the study area.  The basin does not appear to be open to the 

south-west, since bedrock outcrops stop any path towards the Swakop River. 
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Table 2.1: Stratigraphic Column for the Study Area (After Jacob et al., 1986). 

Group Subgroup Formation Lithology 

Sossus Namib  

Gababeb 

Dune Sands 

Yellowish Brown gravels, conglomerates and arenite 

 Discordance 

Kuiseb Pelitic and semi-pelitic schist and gneiss, migmatite, calc-silicate 

rock, quartzite. 

Tinkas member: Pelitic and semi-pelitic schist, calc-silicate rock, 

marble, para-amphibolite. 

Karibib Marble, calc-silicate rock, pelitic and semipelitic schist and 

gneiss, biotite amphibolite schist, quartz schist, migmatite. 

Khomas 

Chuos Diamictite, clac-silicate rock, pebbly schist, quartzite, 

ferruginous quartzite, migmatite 

Discordance 

Swakop 

Ugab Rössing Marble, pelitic schist and gneiss, biotite-horneblende schist, 

migmatite, calc-silicate rock, quartzite, meta-conglomerate. 

 Discordance 

Khan Nosib  

Etusis 

Migmatite, banded and mottled quartzofeldspathic 

clinopyroxene-amphibolite gneiss, horneblende-biotite schist, 

biotite schist and gneiss, migmatite, pyroxene-garnet gneiss, 

amphibolite, quartzite, metaconglomerate. 

Quartzite, metaconglomerate, pelitic and semipelitic schist and 

gneiss, migmatite, quartzofeldspathic clinopyroxene-amphibolite 

gneiss, calc-silicate rock, metaphyolite. 

 Major unconformity 

Abbabis Complex Gneissic granite, augen gneiss, quartzofeldspathic 

gneiss, pelitic schist and gneiss, migmatite, quartzite, marble, 

calc-silicate rock, amphibolite. 
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3 HYDROGEOLOGY 

The hydrogeological assessment has been based on information collected from: 

▼ A desktop study of existing information. 

▼ A review of geological data from the mineral exploration drilling. 

▼ The installation of 9 monitoring bores. 

▼ The drilling of 2 test bores and one associated monitoring bore. 

▼ The permeability testing of 8 monitoring bores, the test bores, 6 geotechnical bores and 3 

water supply bores (converted mineral exploration bores). 

All of the information from the fieldwork is provided in Appendix A. 

3.1 REGIONAL HYDROGEOLOGY 

The area does not have aquifer systems which have a high supply potential.  Three different 

aquifer systems, all with relatively low supply potential, exist: 

▼ Saturated alluvium associated with major rivers (i.e. Khan and Swakop rivers). 

▼ Saturated alluvium associated with the Husab plain. 

▼ Fractured / weathered bedrock aquifers. 

Bore yields and storage for all of these aquifers are low.  Existing water supply bores in the 

Khan and Swakop alluvial aquifers are the highest yielding (5-15L/s) (Table 3.1), although 

abstraction from these narrow alluvial aquifers is tightly controlled (by Government abstraction 

licenses) to limit drawdown in the aquifer system.  The bedrock aquifers have negligible storage 

(Nawrowski and Tordiffe, 1995), due to the low permeability and porosity. 

3.2 EXISTING GROUNDWATER USE 

The Khan River alluvium is used the most.  Upstream from the Rössing area, the alluvial aquifer 

is utilised for supply to the towns of Karibib and Usakos.  In that area, water levels fluctuate in 

balance between abstraction and recharge, with water levels rising to near surface after flood 

events, but dropping to over 20m below surface due to abstraction between recharge events 

(Nawrowski and Tordiffe, 1995). 

Data on existing abstraction bores in the alluvial aquifer systems around the Husab site are 

contained in Table 3.1.  These bores are utilised either by Swakop Uranium or by Rio Tinto 

(Rössing Mine). 

Table 3.1 Details on Alluvial Aquifer Supply Bores 

Bore E N Pump  

Depth 

Yield  

(L/s) 

Comment 

Swakop River Alluvium 

ES122  

(WW200 4553) 

502 700 7485490 20 -30m +5 Swakop Uraniumbore - Not 

currently used 

Khan River Alluvium 

Rössing has a number of production bores which abstract water 

from the Khan River alluvium (20 -30m thick) 

5 -15 Unclear what volume Rössing 

currently abstracts. 

 

Currently, abstraction is also taking place from fractured bedrock aquifers on the Husab site, to 

supply water for exploration drilling.  Abstraction rates from bedrock aquifers are even lower 

than from the alluvial aquifers (Table 3.2, Figure 3.1 and Figure 3.3), with yields under 1L/s. 

Review of data from the Department of Water database does not show any bores within at least 

20km from the proposed mine site, however a hydrocensus during September 2009 (Table 3.3) 
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did locate 23 bores to the east of the mine site, only six of which are currently used.  The 

closest of these is approximately 19km from the proposed pits and is on the eastern side of the 

mountain range to the east of the site, so is located in a different catchment. 

Table 3.2 Details on Bedrock Aquifer Supply Bores on Husab site 

Bore  Drill Hole  

ID 

E N Pump 

Depth 

Yield  

(L/s) 

Comment 

1 RRC067 506025  7504000  190m 0.72 Not currently used 

2 RRC269 505800  7503700  190m 0.62 In use 

3 RRC256 506250  7505400  190m 0.62 In use 

OLD # 3 RRC076 507100  7507400  190m 0.27 Not currently used 

OLD # 2 RRC092 500700  7507100  190m 0.38 Not currently used 

3.3 GROUNDWATER RECHARGE 

With a rainfall of under 30mm per annum, recharge to most aquifers (especially bedrock 

aquifers) is expected to be very low (under 1% of total rainfall).  Where surface water runoff is 

concentrated (i.e. alluvial aquifers) recharge to the aquifer systems can be enhanced.  The Khan 

river upstream at Karibib is recharged after all large flood events (Nawrowski and Tordiffe, 

1995), although surface runoff generated in the higher rainfall inland areas seldom reaches the 

coast, resulting in lower recharge to the alluvial aquifers in the coastal areas.  The Kuiseb river 

alluvial aquifer (inland of Walvis Bay) is only recharged every 10 years, when surface flow takes 

place (Bush, 1995). 

3.4 MINE HYDROGEOLOGY 

3.4.1 GROUNDWATER LEVELS AND FLOW 

Water levels are being measured on a monthly basis in monitoring bores installed in 2009 (see 

Appendix A for logs), while down-the-hole geophysics undertaken on the mineral exploration 

allowed further assessment of water levels (from the resistivity data).  The data from the 

mineral exploration holes must be treated with caution however, since it is unclear whether the 

level measured is a true water level, or some level related to the drilling fluids used during the 

drilling process.   

Water levels have been monitored in 9 of the 10 monitoring boreholes (borehole RS8 was re-

drilled in December 2009) during the period April – November 2009 (Locations shown in 

Figure 3.2).  Water level monitoring has also been carried out at three monitoring boreholes 

installed in the Swakop river bed (SW1, SW2 and SW3), 2 test bores (RSTB01 and RSTB02) and 

a new monitoring bore RSMB02 (see Appendix B for data).  Water levels in most of the 

monitoring bores (i.e. RS3 – RS9) have remained relatively stable throughout the monitoring 

period (Appendix B for water level graphs).  The greatest water level variations can be seen at 

bores RS1, RS2 and RS10.  Fluctuations in water levels in these bores is likely to be due to 

pumping of the nearby bores used to supply the drilling programme.   

Based on the data available (Appendix B), water levels range in depth below ground level from 

56 – 130m.  Generally, depth to water level becomes deeper to the west and south  

(Figure 3.1).  Groundwater level contours (Figure 3.2) show a general flow gradient from the 

northeast to the south west (following topography), although flow patterns are less clear in the 

northwest of the plain, where the Zone 1 pit would be developed.  In this area (on or below the 

scarp) flow towards the Khan River would be expected.  Water levels in bores on either side of 

the Karibib Marble show a 20m difference in water level.  Water levels within the Karibib 

marbles or the Kuiseb syncline (see Figure 2.2) are higher than the areas directly to the east.  

These higher water levels are believed to be linked to the lower permeability of the material. 
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Table 3.3: Details of Farm Bores to the East of the Mining Area 

Latitude 

(°S)  

Longitude 

(°E)  

Ground 

Elevation 

(m AMSL) 

Farm Name:  Farm 

Number:  

Type  Outer 

Casing 

Above 

Ground  

Status  Installation 

Type  

EC 

(mS/m) 

TDS 

(ppm)  

pH  Temp 

(°C)  

Water 

Level 

(m)  

Comment  

22.49796 15.3182 864 BLOEMHOF G109 Borehole 0.2 Not 
Used 

     13.85  

22.48293 15.31308 869 BLOEMHOF G109 Borehole 0.1 Used WP + PH     18.25  

22.49766 15.31682 862 BLOEMHOF G109 Borehole 0.3 Not 

Used 

     12.73  

22.53667 15.25795 761 BLOEMHOF G109 Borehole 0.1 Not 

Used 

     18.73  

22.57203 15.35535 849 GELUK G116 Borehole 0.3 Used PH     7.51  

22.27078 15.10224 805 TREKKOPJE G120/REM Borehole 0.3 Not 

Used 

     6.36  

22.27083 15.10223 825 TREKKOPJE G120/REM Well 0.5 Not 

Used 

     6.35  

22.2712 15.10397 811 TREKKOPJE G120/REM Borehole 0.2 Not 
Used 

     8.15  

22.17408 15.04457 822 TREKKOPJE G120/REM Borehole 0.2 Not 

Used 

     21.02  

22.38768 15.25144 780 VALENCIA G122 Borehole 0.35 Used SUB     60.72  

22.51566 15.36319 923 VLAKTEPLAAS G110/1 Borehole 0.5 Used M     9.13  

22.50963 15.40168 977 VLAKTEPLAAS G110/1 Borehole 0.3 Used WP 1300 8453 6.99 26.3 39.64 Pumping 

22.50818 15.40087 972 VLAKTEPLAAS G110/1 Borehole 0.4 Not 

Used 

     20.46  

22.45186 15.34169 924 VLAKTEPLAAS 2 G110 Borehole 0.5 Used WP, PH, Sub 463 2781 7.35 30.5 30.85 Pumping 

Installation type : WP =Windmill pump, M =Mono pump, Sub= Submersible pump (electrical), PH=Power Head type pump 
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Water level elevations around the open pits vary between 460-430m above mean sea level 

(AMSL), while water levels in the Khan river alluvial aquifer (directly west of the Zone 1 pit) are 

at approximately 300m AMSL.  From the edge of the plateau, a steep groundwater gradient 

exists down to the Khan River.  Similarly, water levels in the southern most monitoring bore 

(RS6) is at 377m AMSL, approximately 80m below the water levels at the northern end of the 

proposed pits. 

Water levels from three monitoring bores RS10, RS2 and RS3 are anomalously high, when 

compared to levels around the pits to the east, providing further evidence of different 

hydrogeological conditions associated with the Karibib marble syncline and/or the western fault, 

as shown on Figure 2.2.   

3.4.2 WATER QUALITY 

Water samples were collected from the new monitoring holes installed and from the production 

bores used on site.  Electrical conductivity (EC) and pH was measured in the field when the 

samples were collected (Table 3.4).  Water samples have been collected on two occasions – at 

the end of drilling (Table 3.5 for selected analysis) and during the permeability testing 

programme (Table 3.6).  See Appendix C for the full analysis.   

With an EC between 5.38 and 36.88mS/cm (approximately 3,600 – 24,700mg/L TDS), the 

water can be defined as saline.  Sea water is approximately 34,000mg/L TDS, while the 

maximum level for suitability for stock watering is approximately 5,000-7,000mg/L, depending 

on the stock type (South African Department of Water Affairs and Forestry, 1993).  Generally, 

the water from the bedrock aquifers at the site is not suitable for stock watering. 
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Table 3.4 Water Quality – Field measurements 

Bore N E Pump Depth or 

Water Strike 

Source Quality  

(EC in 

mS/cm) 

Calculated TDS  

mg/L 

(EC*670) 

Field pH 

RS1 7507326 506389 144m Alaskite 18.76  12,569 7.39  

RS2 7505800 505400 No water strikes - 31.76 21,279 7.89 

RS3 7504000 504250 110 / 120m Marble / biotite schist 36.88 24,709 7.63 

RS4 7501200 504300 99m Gneiss 5.90 3,953 7.83 

RS5 7498400 501330 99-105 / 123-130 Alaskite / biotite schist 15.38 10,304 7.77 

RS6 7495500 503500 55 and 62-77 Alluvium, clays and calcretes 5.48 3,672 6.8 

RS7 7499603 507305 123m Alaskite (Salem Granite) 34.42 23,061 8.02 

RS10 7507070 505640 110m Marble 5.38 3,604 8.06 

Supply Bore #2 (RRC256) 7505400 506250 190m - 13.31 8,918 7.52 

Supply Bore #3 (RRC269) 7503700 505800 190m - 13.58 9,099 7.32 

ES122 502 700 7485490 ~40m Swakop River Alluvium 7.26 * 4,864 - 
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Table 3.5: Water Quality (Samples Collected During the Drilling Programme) 

 Units Drinking 

Water 

Guidelines 

*  

RS1 RS2 RS3 RS4 RS5 RS6 RS7 RS10 RRC:256 

Pump #2 

* 

RRC:269 

Pump #3 

* 

Date of Sample     02/10/2009 02/10/2009 02/10/2009 02/10/2009 02/10/2009 02/10/2009 02/10/2009 02/10/2009 02/10/2009 02/10/2009 

pH pH 

units 

6 - 9 7.2 7.1 7.1 7.5 7.4 7.0 7.2 7.8 7.2 7.3 

Conductivity µS/cm 70 1674 2900 3320 600 1449 541 4310 539 1333 1311 

TDS mg/L 450 12500 20097 24283 3820 10800 3560 34780 3520 9520 8940 

Sodium (Na) mg/L 180 2998 5130 6120 1297 3197 894 10568 869 2885 2965 

Potassium (K)   - 146 484 269 102 157 894 10568 869 137 144 

Magnesium (Mg) mg/L - 220 521 638 42 115 110 431 113 96 117 

Calcium (Ca) mg/L - 1097 837 438 182 660 316 2383 334 468 601 

Hardness (as 

CaC03) 

mg/L 100 3647 4228 3711 628 2121 1240 7726 1378 1564 1983 

Soluble Iron (Fe) mg/L 0.3 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 

Chloride (Cl) mg/L 250 5100 1040 11200 1320 4620 1380 17000 1680 3530 3260 

Nitrate (NO3) mg/L - 47 0.4 93 14 20 14 100 6.6 0.7 8.7 

Fluoride (F) mg/L 1.0 4.0 3.4 4.2 3.7 5.2 2.8 5.0 1.4 5.7 5.4 

Sulphate (SO4) mg/L 500(250) 3290 2470 3130 1100 3470 774 2680 668 2780 3870 

Copper ug/l 1000 <0.1 <0.1 <0.1 <0.1 1.5 <0.1 <0.1 <0.1 0.9 3.0 

Lead ug/l 10 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Vanadium ug/l 100 0.30 0.20 0.90 8.19 0.50 30.00 0.50 0.30 4.2 0.4 

Zinc ug/l 3000 4.4 23 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

* samples collected from these existing water supply holes during the water drilling programme 
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Table 3.6 Water Quality (Samples Collected During the Permeability Testing) 

  Units Drinking 

Water 

Guidelines* 

RS1 RS2 RS3 RS4 RS5 RS7 RS9 RS10 

Date of Sample     19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 

pH pH 

units 

6.5 to 8.5 7.3 7.3 7.4 7.9 7.5 7 7.6 7.6 

Conductivity µS/cm - 1808 3020 3360 584 1438 4480 813 342 

TDS mg/L 500* 13890 21406 25660 4250 10762 >20,000  6020 2280 

Sodium (Na) mg/L 180* 2930 6524 6599 1013 2604 8092 1511 451 

Potassium (K)   - 215 169 480 90 140 710 121 37 

Magnesium (Mg) mg/L - 266 170 364 33 86 347 34 65 

Calcium (Ca) mg/L - 763 1031 1250 448 592 1884 279 281 

Hardness (as 

CaC03) 

mg/L 200* 2997 3276 4616 1256  1832 6135 838 968 

Soluble Iron (Fe) mg/L 0.3* 18 33 1.1 <0.1 4.6 13 18 4.7 

Chloride (Cl) mg/L 250* 3690 10900 11900 2070 3730 17300 1700 1090 

Nitrate (NO3) mg/L 50 55 1.1 291 16 7.6 4.2 16 4.8 

Fluoride (F) mg/L 1.5 1.6 1.4 1.6 1.6 1.8 1.7 1.7 0.8 

Sulphate (SO4) mg/L 500(250*) 3240 2730 2980 900 3090 2530 2380 380 

Copper ug/l 1000 17 7.7 2.5 0.5 1.7 26 18 6.5 

Lead ug/l 10 45 58 1.9 0.05 6.6 173 104 73 

Vanadium ug/l 100 42 57 68 7.9 17 50 52 81 

Zinc ug/l 3000 23 8.3 1.1 2.5 1.5 17 14 10 
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Table 3.6 (continued) 

  Units Drinking 

Water 

Guidelines* 

SW1 SW2 SW3 RDD 065 RDD 066 RDD 068 RDD 069 RRC 076 

Date of Sample     19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 

pH pH 

units 

6.5 to 8.5 7.1 7.3 7 7.7 7.2 7.8 7.7 7.4 

Conductivity µS/cm - 564 464 706 1463 1329 1408 1495 1297 

TDS mg/L 500* 4080 3560 5210 10060 9650 4020 5060 9220 

Sodium (Na) mg/L 180* 755 558 902 2838 2419 3280 3440 1973 

Potassium (K)   - 68 66 89 223 157 170 320 195 

Magnesium (Mg) mg/L - 69 68 85 113 95 120 110 129 

Calcium (Ca) mg/L - 269 293 319 190 445 450 250 594 

Hardness (as 

CaC03) 

mg/L 200* 956 1010 1147 939 1503 1617 1076 2015 

Soluble Iron (Fe) mg/L 0.3* 1.2 1.3 1.0 4.9 4.1 61 34 0.0 

Chloride (Cl) mg/L 250* 1610 1150 2090 3460 3460 3270 3480 4000 

Nitrate (NO3) mg/L 50 1 1.1 8.1 3.3 4.3 125 118 0.9 

Fluoride (F) mg/L 1.5 0.2 0.4 0.5 <0.1  1.6  <0.1   <0.1  1.7 

Sulphate (SO4) mg/L 500(250*) 550 560 430 1210 2720 1800 1120 1430 

Copper ug/l 1000 4.4 2.3 3.3 11 7.5 2 4.1 1.2 

Lead ug/l 10 15 8.3 10 30 2.1 0.2 0.4 0.1 

Vanadium ug/l 100 17 12 13 113 41 11 26 95 

Zinc ug/l 3000 7.8 3.2 5.6 2.5 1 0.4 1.1 1 

*DWAF, 1993 
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Table 3.6 (continued) 

  Units Drinking 

Water 

Guidelines  

RRC 092 RRC 092 RRC 067 RRC256 

Pump #2 

RRC269 

Pump #3 

RST B01 RSI BO2 RSM BO2 

Date of Sample     23/10/2009 25/10/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 19/11/2009 

pH pH units 6.5 to 8.5 8 7.7 7.6 7 7.6 7.7 7.3 7.2 

Conductivity µS/cm - 1307 1276 1247 1327 1295 1174 2450 3200 

TDS mg/L 500* 7440 9360 8750 9780 9540 8770 >20000  >20000  

Sodium (Na) mg/L 180* 2532 2455 2234 2430 2384 1819 3763 5725 

Potassium (K)   - 165 180 147 136 116 83 277 258 

Magnesium (Mg) mg/L - 114 100 112 86 77 82 382 244 

Calcium (Ca) mg/L - 399 291 366 501 383 673 1148 1429 

Hardness (as CaC03) mg/L 200* 1463 1137 1376  1606 1272 2018 4437 4574 

Soluble Iron (Fe) mg/L 0.3* 2.3 1.0 <0.1 0.5 0.1 0.6 0.0 10 

Chloride (Cl) mg/L 250* 2240 3560 3390 3700 3390 2700 8320 11400 

Nitrate (NO3) mg/L 50 0.9 0.9 22 1 15 177 200 195 

Fluoride (F) mg/L 1.5  <0.1  1.5 1.7 1.8 1.8 1.8 1.2 1.3 

Sulphate (SO4) mg/L 500(250*) 2360 1640 1970 2800 2640 2450 2040 2620 

Copper ug/l 1000 24 16 74 14 6 3 0.6 36 

Lead ug/l 10 7.9 63 8.8 4.2 1.2 5.4 0.3 10 

Vanadium ug/l 100 239 193 504 107 29 26 57 45 

Zinc ug/l 3000 5.5 5.5 3.8 2.6 4.6 2.4 0 27 

*DWAF, 1993
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There is considerable variability in the water quality across the study area (Figure 3.3), between 

different geological units and even between the same geological unit in different areas.  The 

water quality of the two production bores (~13mS/cm or 8,700mg/L TDS) probably provides the 

best estimate of the typical water quality that could be expected to enter into a future open pit, 

or be dewatering as part of the pit development plan.  The higher salinity levels in bores RS 2 

and RS3, indicate a different, isolated aquifer system (the Kuiseb syncline), when compared to 

the other bores to the east. 

Laboratory water quality data inserted into the Piper diagram (Figure 3.4) show the water to be 

Na+ Cl- type.  This water is categorised as old, “end point” water, typically found at the end of 

the flow path, distant to the original source of recharge. 

3.4.3 AQUIFER UNITS 

Directly adjacent to the mine (within 3km), groundwater is predominantly located in weathered 

or fractured zones in the bedrock, or in areas where the overlying alluvium is saturated.  There 

is an area to the south-east of the pits, where the alluvium (overlying the bedrock) is saturated 

and could potentially form an aquifer zone of up to 30m in thickness (Figure 3.5).  However, 

drilling in this area has shown that the alluvium has a high clay content and is unlikely to 

constitute an exploitable aquifer. 

Yields from those bores drilled into the fractured bedrock have been low, with only two holes 

yielding more than 1L/s – RS3, with an airlift of 1.6L/s and RSTB01 (1.5L/s).  All the other 

successful bores, including current water supply bores, yield between 0.3 – 0.7L/s.  Based on 

the drilling results, including data from those mineral exploration bores which had to be stopped 

because of too much water for the RC drilling, the following formations appear to have the 

greatest water supply in the area: 

▼ Alaskites. 

▼ Biotite schists.  Predominantly Rössing Formation units  

▼ Calc-silicate rocks.   

During the mineral exploration drilling, 50 bores could not be continued to full depth due to 

excess water (Appendix D).  Of these bores 43% were stopped with high water inflows in 

alaskites, 24% in biotite schists and 18% in calc-silicate rocks.   

3.4.4 MINE SITE CONCEPTUAL HYDROGEOLOGY 

The mine will develop in an environment of limited groundwater potential and low groundwater 

inflow to the open pits.  In some limited areas of the Zone 2 pit, inflow will take place though 

saturated alluvium, but in most cases the only inflow will be through zones in the fractured 

bedrock.  Since the geology strikes NNE-SSW, most inflow is expected along zones of 

preferential permeability aligned with fractures and faults parallel to the strike.  This preferential 

aquifer permeability, as well as groundwater flow directions/gradients, is likely to also influence 

the cone of depression that develops due to the excavation of the open pit.  Although faults do 

exist parallel to the strike, no major water strikes were recorded during the drilling into these 

faults (during the mineral exploration drilling programme).  As a result, the faults, although 

more permeable than unfaulted zones, can still not be defined as major aquifers units.   
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FIGURE 3.3LEGEND

WATER QUALITY (TDS)

LOCATION MAP

Loction: F:\Jobs\1006\MapInfo\Task D\Figures\Figure3.3.wor
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4 GROUNDWATER MODELLING 

4.1 BACKGROUND 

Mining of the deposit under the current ECS Base Case Mine Plan, will involve two open pits 

reaching a depth of 200m AMSL, approximately 350m below ground level (m bgl).  Since the 

mines are to be developed below the water level, groundwater inflows are expected. 

A regional groundwater model has been developed to assess the dewatering requirements for 

Husab Uranium mine.  The objectives of the current groundwater model are to: 

▼ Assess groundwater inflows to the proposed pits during the mine life of the Husab Project. 

▼ Predict the cumulative impact resulting from the simultaneous dewatering of the pits and 

any potential interaction with potential seepage from the proposed tailings and rock waste 

co-disposal facility. 

▼ Predict recovery time and final water levels associated with mined out pits (mine voids). 

The following sections describe the model setup and calibration.  Details of model predictions to 

assess dewatering volumes, drawdown impacts and impacts of the proposed tailings and rock 

waste co-disposal facility are presented in Section 5.0.   

4.2 MODEL SETUP 

4.2.1 MODEL EXTENT AND FEATURES 

A groundwater flow model covering an area of approximately 29.5km (east west) and 35.5km 

(north south) was developed for the project area.  Model cells have a uniform size of  

100 metres.  The model comprises 4 layers, and 355 rows and 293 columns.   

The model includes features to simulate: 

▼ The hydrogeological characteristics of the aquifer system over the area of current 

investigation. 

▼ Rainfall recharge. 

▼ Evapotranspiration from phreatophytic vegetation and near surface water tables along the 

Khan and Swakop Rivers. 

▼ Groundwater inflow from upstream catchments. 

▼ Groundwater outflow from the catchment where the Khan and Swakop Rivers meet.   

▼ The potential to include recharge from surface water flows along the Khan and Swakop 

Rivers if required in the future. 

The model was developed using the USGS modular three-dimensional finite-difference program 

Modflow (McDonald and Harbaugh, 1988), one of the leading industry codes for groundwater 

flow modelling, operating under the Groundwater Vistas graphical user interface (Version 5.36, 

Rumbaugh and Rumbaugh, 1996-2005). 

4.2.2 DATA SUMMARY 

A summary of the key data sources used in the numerical model is provided in Table 4.1.   

4.2.3 MODEL EXTENT AND GRID 

The model domain covers an area of approximately 35.5km north-south and 29.5km east-west.  

The model and all associated data have been plotted using the UTM WGS84 Zone 33 Southern 

Hemisphere coordinate system.  The extent and boundary conditions of the groundwater model 

are shown on Figure 4.1. 

The model grid is rotated 15 degrees clockwise and aligned with geology and the inferred 

preferential flow direction.  Coordinates for the four corners of the model domain are detailed in 

Table 4.2. 
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Table 4.1: Data Summary 

Parameter Data source 

Topographic levels SRTM (Shuttle Radar Topography Mission) digital elevation model  

Aquifer geometry and 

properties 

Exploration bore logs from Aquaterra 2009, and data provided by Extract 

Water levels  Regional groundwater contours interpolated from static water level (SWL) data 

provided by Extract, and measurements taken by Aquaterra between May and 

October 2009  

Rainfall  Average of 30mm per year 

Evapo-transpiration Average of 3,200mm per year 

 

Table 4.2: Model Domain 

 Easting (m) Northing (m) 

North East 526,090 7,512,407 

North West 497,788 7,519,990 

South East 516,902 7,478,117 

South West 488,600 7,485,700 

*UTM WGS84 Z33 SH 

 

4.2.4 MODEL GEOMETRY 

Model layer elevations were set to follow surface topography and the vertical extents of 

geological formations as detailed in Table 4.3 and Appendix E. 

Table 4.3 Model Layers 

Layer Hydrogeological Unit Description 

Top of layer follows available surface topography.  Base 

of layer follows bottom of alluvium where it exists.  

Base assigned 30mbgl along Khan and Swakop Rivers, 

and 140mbgl on the northeast region of the model 

domain.  Linearly interpolated values in other areas.   

Layer 1  Quaternary alluvium; weathered 

bedrock (metasediments, granites 

and marbles) 

Layer 2  Semi-consolidated metasediments, 

granites and marble 

Base of layer assigned consistent with the base of Layer 

1 and a uniform layer thickness of 40m. 

Layer 3  Consolidated metasediments, 

granites and marble 

Base of layer assigned consistent with the base of Layer 

2 consistent with  a uniform thickness of 150m 

Layer 4  Highly consolidated metasediments, 

granites and marble) 

Base of layer set at -150m AMSL (uniform elevation). 
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4.3 GROUNDWATER INFLOW AND OUTFLOW 

4.3.1 GROUNDWATER THROUGHFLOW 

The general direction of groundwater flow within the model is from northeast to southwest and 

northeast to south.  Groundwater flow into and out of the model is simulated using fixed head 

boundaries.  The location of the boundaries is shown in Figure 4.1.  A fixed head inflow 

boundary is assigned at the north-eastern boundary to simulate groundwater inflow from the 

upper catchment.  The fixed head is set between 580mAHD in the north eastern region of the 

model decreasing to 446.6mAHD at the north-western inflow boundary (refer Figure 4.1).  A 

fixed head outflow boundary is assigned on the south-western model boundary at 185m AMSL 

to simulate groundwater outflow at the intersection of the Khan and Swakop Rivers.  All other 

model boundaries are assigned as no-flow type.  Groundwater elevations at model boundaries 

are assigned consistent with available data.   

4.3.2 RAINFALL RECHARGE 

Inflow to the groundwater system is also provided via rainfall recharge, assigned as a proportion 

of recorded rainfall which averages 30mm per year.  Rainfall recharge is assigned as 50% of 

average recorded rainfall (15mm/year) in major creeks and 5% of average recorded rainfall 

(1.5mm/year) in minor creeks (Figure 4.2).   

4.3.3 KHAN AND SWAKOP RIVERS 

The Khan and Swakop Rivers are modelled using the River (RIV) Package in Modflow.  Modflow 

uses a depth dependent relationship to calculate the flow to or from the river and the underlying 

aquifer.  Each modelled river cell is specified a river stage (s), a river bed elevation (hb), and a 

river bed conductance factor (C).  When the modelled aquifer head (h) immediately underlying 

the specified river cell is greater than the river bed elevation (hb) the rate of leakage or 

recharge from the river (Qriv) to the aquifer is calculated via Equation 1. 

Qriv = C(s-h), when h>hb (1) 

Where in the case that s=h, Qriv=0 (no flow between the river and underlying aquifer).  When 

the head in the aquifer is greater than the head in the river (h>s), Qriv will be negative, 

indicating that flow is from the aquifer to the river (i.e.  a baseflow driven system).  When the 

calculated aquifer head (h) is below the base of the river bed elevation (hb) the rate of leakage 

or recharge (Qriv) is calculated via Equation 2. 

Qriv = C(s-hb), when h<hb (2) 

Where in the case that s=hb, Qriv=0 (no flow between the river and underlying aquifer).  The 

value for conductance is approximated by Equation 3. 

C = KLW/M (3) 

Where:  

K is the hydraulic conductivity of the river bed material in metres per day. 

L is the length of the river across or within a model cell in metres. 

W is the width of the river in metres  

M is the thickness of the river bed material in metres. 

The river recharge processes are shown schematically in Figure 4.3a. 

River cells are specified along the path of the Khan and Swakop Rivers with the river bed 

elevation set consistent with available topographic data.  In this case, the River Package will 

simulate no flow between the river and the aquifer (s=hb, Qriv=0).  There may be some 

instances or reaches of the modelled river where there are some minor flows or discharge from 

the alluvial aquifer to the rivers however; these are not expected to be a significant proportion 

of the overall catchment water balance.  This feature was included to allow recharge from 

surface water flows in future model simulations. 
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4.3.4 EVAPOTRANSPIRATION 

Evaporative losses from phreatophyhtic vegetation and shallow groundwater tables along the 

alluvium of the Khan and Swakop Rivers were simulated using the Evapo-transpiration (ET) 

package of Modflow.  The ET package requires the specification of an Evapo-transpiration 

surface elevation, extinction depth and a maximum Evapo-transpiration rate, such that, if the 

aquifer water level is at or above the assigned extinction surface elevation, Evapo-transpiration 

occurs at a maximum rate.  If water levels drop below the Evapo-transpiration surface, the 

evaporation rate decreases linearly to a level equivalent to the Evapo-transpiration surface 

minus the extinction depth, where Evapo-transpiration is zero.  This relationship is shown 

schematically in Figure 4.3b.   

A constant Evapo-transpiration rate of 8.8mm/day was assigned, consistent with average daily 

evaporation measured on site.  The Evapo-transpiration surface adopted was ground level, with 

an extinction depth of 10 metres (Figure 4.4).    

If necessary, the Evapo-transpiration rate could be varied from month to month, to reflect the 

seasonal variations in evaporation rate, but has not been incorporated into the model at this 

time. 

4.4 MODEL CALIBRATION 

Model calibration is the process by which the independent variables of a model are adjusted, 

within realistic limits, to produce the best match between simulated and measured data.  The 

calibration process includes refining the aquifer properties, boundary conditions and percentage 

of recharge infiltration to improve the agreement between measured and simulated data. 

4.4.1 STEADY STATE CALIBRATION 

Based on the available data, the model has been calibrated to steady state or long-term 

average water levels from a total of 136 boreholes scattered around the region.  Information is 

currently not available to allow transient or time varying calibration.   

Measured and modelled water levels are presented in Figure 4.5.  The scaled RMS error as a 

proportion of measured heads is 6.4 %.  This value is lower than the generally accepted scaled 

RMS of 10% for a green fields site.  Calibrated water level contours and measured water levels 

from existing monitoring holes, are shown in Figure 4.6.  The modelled predicted steady state 

water balance is presented in Table 4.4.   

Table 4.4: Steady State Water Balance 

 In (kL/d) Out (kL/d) 

Groundwater Inflow From Upstream 1650 - 

Groundwater Outflow To Downstream - 500 

Rainfall Recharge 600 - 

River Discharge  150 

Evapo-transpiration  1600 

TOTAL 2250 2250 

 

The terms used to describe the water balance are described below: 

▼ Groundwater Inflow refers to the groundwater inflow into the upstream or northernmost 

model boundary. 

▼ Groundwater Outflow refers to groundwater flow from the model domain via the constant 

head boundary at the intersection of the Khan and Swakop Rivers.  Rainfall Recharge 

refers to the infiltration of surface water flows in the major and minor creek systems.   

▼ Evapo-transpiration represents water losses to the atmosphere from shallow or near 

surface water tables along the alluvium of the Swakop and Khan Rivers. 

▼ River Leakage refers to aquifer discharge to the Swakop and Khan Rivers.   
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