
 

 

 

 

 

Preliminary Assessment of Impact of 
the Proposed Riviera Tungsten Mine 

on Groundwater Resources 
 

 

 

 

Report Prepared for 

Bongani Minerals (Pty) Ltd 
 

 

 

 

 

 

 

Report No 392947 Draft V2 

 

June 2009 

 

 

 

 



SRK Consulting  

Riviera Tungsten Groundwater Impact Assessment Page i 

VISS/GOES 392947_Riviera_Tungsten_Mine_Preliminary_Groundwater_Impact_Assessment_Draft2_1Jun09.docx, June 2009 

 

Preliminary Assessment of Impact of the 
Proposed Riviera Tungsten Mine on 

Groundwater Resources 
 

 

Bongani Minerals (Pty) Ltd 
PO Box 401, Kimberley, 8300 

 

SRK Project Number 392947 
SRK Consulting  

The Administration Building 
Albion Spring 

183 Main Road 
Rondebosch 

7700 
South Africa 

 
Postnet Suite #206 

Private Bag X18 
Rondebosch 

7701 
South Africa 

 
Tel: (021) 659-3060 
Fax: (021) 685-7105 

 
Des Visser, dvisser@srk.co.za 

http://www.srk.co.za 

 

June 2009 
 

Compiled by: Reviewed by: 
 
 
 
 
_________________________ _________________________ 
D Visser Pr.Sci.Nat P Rosewarne Pr.Sci.Nat 
Principal Hydrogeologist Principal Hydrogeologist 

Authors: D. Visser, M. Goes and I Dennis



SRK Consulting  

Riviera Tungsten Groundwater Impact Assessment Page ii 

VISS/GOES 392947_Riviera_Tungsten_Mine_Preliminary_Groundwater_Impact_Assessment_Draft2_1Jun09.docx, June 2009 

 

Executive Summary 
SRK Consulting were appointed by Mr Trevor Pikwane of Bongani Minerals (Pty) Ltd in October 2008 to 

undertake a preliminary desktop study of the potential impact the proposed Riviera Tungsten Mine may have 

on the local groundwater resources.  The proposed tungsten mine is located in the Krom Antonies River 

Valley (also known as Moutonshoek Valley) approximately 23 km north of Piketberg in the Western Cape 

Province. It is proposed to mine the ore, which is hosted in the bedrock, by means of an open pit. 

This preliminary first phase investigation consisted of a desk study of existing hydrogeological information 

available for the study area.  No field investigations other than a brief site visit along public roads were 

possible due to opposition to the proposed mine by the local land owners. 

The findings of the preliminary assessment of potential impacts of mining on the groundwater resources are 

as follows: 

Status Quo/Baseline 

The baseline conditions pertaining to groundwater at the site can be summarised as follows: 

• The area surrounding the Site is characterised by a gently undulating coastal plain with low hills. 

• The mean annual precipitation (MAP) in the area ranges from >500 mm/a in the high lying areas 

to <300 mm/a in the lower lying areas, with a mean of about 370 mm/a for the whole study area.  

Some 81% of rainfall falls between April and September each year, with the peak rainfall month 

being July.  Mean annual evaporation (MAE) is relatively high with a total potential rate of some 

1 800 mm. 

• The Site is located in Quaternary catchment G30D.  The study area is mainly drained by the 

north-westerly flowing perennial Krom Antonies River and its tributaries, which include the 

perennial Kruismans River in the north and the Eselshoek River in the west.  The mean annual 

runoff for the upper Krom Antonies River catchment (G30D) is estimated at 4.3 Mm3/a. 

• The mining area and Krom Antonies River Valley floor is underlain by ~10 – 30 m of 

Tertiary/Recent unconsolidated alluvial and clay deposits. The bottom clay layer varies in 

thickness from ~3 to ~25 m whilst the overlying layer of alluvial sandy soil, pebbles and 

boulders varies in thickness from ~3 to ~12 m. 

• These Tertiary/Recent deposits are underlain by sandstone and minor shale of the Table 

Mountain Group (TMG) and by older meta-sedimentary rocks of the Malmesbury Group.  The 

Malmesbury rocks have been intruded by the Riviera Granite Pluton, which forms part of the 

Cape Granite Suite.  The Krom Antonies River Valley is bounded in the east, west and south by 

hills and mountains formed by quartzitic sandstones of the TMG. 

• Two types of aquifers occur in the study area, namely an unconfined primary or intergranular 

aquifer formed by the alluvial sediments in the valley and a semi-confined secondary or 

fractured-rock aquifer formed by secondary openings (fractures, joints and solution cavities) in 

the crystalline and hard-rock formations. 

• The Riviera Granite Pluton has intruded an older north-west trending isoclinal fold structure that 

developed during an earlier deformation of the Malmesbury Group.  Subsequent tensional 
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tectonics has resulted in a swarm of steeply dipping north-west trending normal faults forming 

graben-horst structures showing significant displacements along some faults.  The Riviera 

deposit has been elevated to its current position by a horst block flanked by two north-west 

striking normal faults. 

•  Groundwater level depths range from ~21 m along the valley slopes to 1 m in the valley 

floor near the Krom Antonies River.   

• Groundwater flows locally from the higher lying valley flanks to the Krom Antonie River and 

regionally in a north-westerly direction and towards the mouth of the Krom Antonies River 

Valley.  

• Good quality groundwater, with EC <80 mS/m, occurs in the predominantly arenaceous 

TMG rocks, while EC in the granite ranges between 150 and 300 mS/m. Groundwater in 

the Malmesbury rocks is generally brackish, with ECs commonly ranging from 300 to 

800 mS/m, and in places exceeding 1000 mS/m. 

• It is assumed that most of the landowners in the valley use groundwater to some extent 

for domestic use, stock watering and irrigation.  The exact amounts, however, are 

unknown at this stage. 

• The mean annual potential recharge from rainfall for this sub-catchment is estimated to 

vary between 2.4 Mm3 during wet periods and 1.6 Mm3 during dry periods. 

 

The following potential impacts have been identified: 

For each of the three phases of the mining project, i.e. construction, operation and post closure, the potential 

impacts associated with the proposed mine have been assessed.  From a groundwater viewpoint mining 

activities potentially could have a positive and negative impact on the aquifers, natural river systems and 

environment. The main impacts are considered to be as follows: 

• Where the site is underlain by more permeable sand and gravel deposits a higher potential for 

groundwater contamination by accidental chemical and/or fuel spillages exists than where the 

site is underlain by a  layer of less permeable clay or sandy clay.  If prevented, contained and 

managed by good housekeeping and design, the groundwater contamination risk is deemed to be 

low. 

• Groundwater inflow rates of 2700 m3/d for the starter pit and 10,550 m3/d for the final pit have 

been estimated. This will result in groundwater levels being drawn-down locally in both the 

primary and secondary aquifers.  The extent of the zone of impact of the starter pit is ~1.8 km 

whilst that for the final pit is ~3 km.  Based on the numerical flow model it is estimated that this 

drawdown could have a small impact on the Krom Antonies River.  The river could lose ~0.07 

m3/d of water for every metre of river front in the zone of dewatering.  The confidence is this 

scenario is low due to the lack of test boreholes and on-site data on aquifer parameters.  If it is 

assumed that ~66% of the zone of impact extents to the river front, the total volume of water that 

potentially could be lost from the Krom Antonies River amounts to ~83 m3/d (~30 300 m3/a) for 

the starter pit and ~139 m3/d (~51 000 m3/a) for the final pit.  These equate to ~0.7% and 1.2%, 



SRK Consulting  

Riviera Tungsten Groundwater Impact Assessment Page iv 

VISS/GOES 392947_Riviera_Tungsten_Mine_Preliminary_Groundwater_Impact_Assessment_Draft2_1Jun09.docx, June 2009 

respectively of the 4.29 m3/a mean annual runoff estimated for the upper Krom Antonies River 

Catchment.   

• After cessation of mining operations the water level in the pit is expected to slowly rebound but 

will not reach the pre-dewatering level due to evaporation eventually exceeding inflow.  During 

the first ~35 years the water level is expected to slowly rise by ~150 m, which is a rebound rate 

of ~4 m/year.  Thereafter the rebound rate will decrease to ~1 m/year before stabilising at ~15 m 

below the pre-mining level.  The pit will therefore always acts as a sink with a zone of depressed 

water levels around it. 

• Yields of boreholes and wells of groundwater users located in the zone of pit dewatering could 

be negatively impacted and some may dry up during the life of mine.  There may also be 

negative impacts on groundwater dependent wetland systems, if any occur within the zone of 

dewatering.  These impacts will be reversed once mining ceased and the water level starts 

rebounding. 

• The results of the preliminary numerical modelling indicate that impacts due to mining are likely 

to be localised.  This is especially true in the case of potential groundwater contamination and pit 

dewatering.   

These impacts could be mitigated by implementing the following measures: 

• The low impact on the flow of the Krom Antonies River can be mitigated and reduced 

by sealing of major permeable bedrock structures such as large faults by grouting.  

Drawdown in the upper unconfined sandy aquifer can be limited by installation of cut-

off berms or impermeable slurry /cut-off walls installed to the impermeable clay layer; 

• Affected existing groundwater users can be compensated financially, water could be 

supplied to them from the pit dewatering scheme or boreholes/wells could be deepened 

or replacement boreholes drilled elsewhere. 

• Contamination of the soil and groundwater by accidental spills of chemicals, fuel, oil and / or 

grease must be kept to a minimum by applying a good ‘housekeeping’ approach.  In the event of 

any such spillages, procedures must be in place to quickly and effectively repair any leakages 

and remove the contaminated soil.  This soil must be collected and disposed of at a suitably 

licensed waste disposal facility. 

• To obtain baseline information and monitor the impact of abstraction on the groundwater system 

a groundwater monitoring scheme must be set up.  The monitoring holes should be equipped 

with digital water level and EC loggers.  These boreholes must be installed and the monitoring 

initiated at least twelve months before construction and mining operations commence.  

Implementation of such a groundwater monitoring programme is essential, as it will provide 

information on baseline groundwater quality and water level variation from which the extent of 

the impact of mining can be determined.  If carried out to the required level it forms a legally 

defensible database against which any claims of surrounding land owners or the DWAF and 

mitigation measures can be gauged. 

• It is envisaged that the clay material excavated during pit construction will be used for lining of 

areas where there is a contamination risk such as the plant and tailings (slimes) dam.   
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• The tailings dam, plant, sewage treatment works and waste-rock dump should be located as far 

as practically possible from sensitive receptors e.g. the Krom Antonies River, other drainage 

features and wetlands, but should be located within the expected zone of drawdown so that any 

contamination is contained in the “sink” caused by the pit dewatering. 

• Facilities which pose a contamination risk to the groundwater should be located away from 

highly transmissive fault structures to minimise the risk of contaminant propagation along these 

zones. 

• In order to minimise the contamination impact of the tailings dam and waste rock dump and 

tailings dam it is recommended that cut off trenches or similar engineered solutions be installed. 

Monitoring boreholes should be drilled downstream of these facilities in order to monitor 

groundwater quality. 

• Sewage should be treated in the sewage treatment plant and the residue disposed of in a 

controlled manner. Sewage effluent must be treated to specified minimum requirements and can 

be used in the mining or metallurgical processes. The treatment plant must be designed, 

constructed and managed to prevent untreated sewage from reaching the groundwater. 

In conclusion, numerical models and groundwater assessments cannot simulate all the 

heterogeneities of a complex system such as the aquifer systems found on and around the site and 

can only provide an indication as to how the system functions and how much groundwater can be 

abstracted.  In this case inflows and the movement of contaminants are mainly going to be dependent 

on geological formations, lineaments and their hydraulic parameters.  The upper unconfined sand 

aquifer is likely to contribute a considerably percentage of inflow to the mine.  Lineaments in the 

secondary semi-confined aquifer can form conduits of preferential groundwater flow, which can 

cause sudden large but often short-lived inflows into mines.  No on-site aquifer parameters were 

available for such lineaments and fault zones for the preliminary modelling exercise.   

It is therefore recommended that the following activities be carried out as part of Phase 2 studies: 

• Site, drill and test suitable hydrogeological exploration boreholes to obtain aquifer hydraulic 

parameters for the various geological formations.  

• A detailed hydrocensus of boreholes, springs and dug wells in the Krom Antonie River Valley to 

confirm existing borehole positions, groundwater use, groundwater levels and quality.  

• A baseline monitoring system must be implemented and the numerical model re-calibrated once 

this new information has been collected. 

• Update the modelling scenarios with the new information. 

• Carry out a full EIA specialist hydrogeological study. 
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Glossary of Terms 
Anisotrophic:  Having some physical property that varies with direction. 

Aquifer:  A geological formation capable of supplying economic volumes of groundwater (Also see Non-

Aquifer). 

Aquifer system:  A heterogeneous body of interlayered permeable and less permeable material that acts as 

a water-yielding hydraulic unit covering a region. 

Borehole:  Includes a well, excavation, or any other artificially constructed or improved groundwater cavity 

which can be used for the purpose of intercepting, collecting or storing water from an aquifer; 

observing or collecting data and information on water in an aquifer; or recharging an aquifer 

[from the National Water Act (Act No. 36 of 1998)]. 

Catchment:  The area from which any rainfall will drain into the watercourse, contributing to the runoff at a 

particular point in a river system, synonymous with the term river basin. 

Contamination:  is the introduction of pollutants (whether chemical substances, or energy such as noise, 

heat, or light) into the environment to such a point that its effects become harmful to human 

health, other living organisms, or the environment. 

Discharge area:  An area in which subsurface water, including water in the unsaturated and saturated 

zones, is discharged at the land surface. 

Electrical conductivity:  Is a measurement of the ease with which water conducts electricity.  Distilled water 

conducts electricity poorly, while sea water, with its very high salt content, is a very good 

conductor of electricity. 

Fault:  A zone of displacement in rock formations resulting from forces of tension or compression in the 

earth’s crust. 

Formation:  A general term used to describe a sequence of rock layers. 

Fracture:  Cracks, joints or breaks in the rock that can enhance water movement. 

Geohydrology:  The study of the properties, circulation and distribution of groundwater, in practise used 

interchangeably with hydrogeology; but in theory hydrogeology is the study of geology from the 

perspective of its role and influence in hydrology, while geohydrology is the study of hydrology 

from the perspective of the influence on geology. 

Groundwater:  Water found in the subsurface in the saturated zone below the water table or piezometric 

surface, i.e. the water table marks the upper surface of groundwater systems. 

Groundwater flow:  The movement of water through openings and pore spaces in rocks below the water 

table, i.e. in the saturated zone.  Groundwater naturally drains from higher lying areas to low 

lying areas such as rivers, lakes and the oceans.  The rate of flow depends on the slope of the 

water table and the transmissivity of the geological formations. 

Groundwater resource:  All groundwater available for beneficial use, including by man, aquatic ecosystems 

and the greater environment. 

Hydraulic conductivity:  Measure of the ease with which water will pass through porous material; defined 

as the rate of flow through a cross-section of one square metre under a unit hydraulic gradient 

at right angles to the direction of flow (in m/d). 

Hydraulic gradient:  Change in hydraulic head per unit of horizontal distance in a given direction, i.e. the 

difference in hydraulic head divided by the distance along the groundwater flow path. 
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Groundwater flows from points of high elevation and pressure to points of low elevation and 

pressure. 

Intergranular aquifer:  Groundwater is contained and flows within the original interstices between 

constituent grains. 

Lineaments:  A major, linear, topographic feature of regional extent of structural or volcanic origin, most 

easily appreciated from remote sensing data, e.g. a fault system. 

Permeability:  The ease with which a fluid can pass through a porous medium and is defined as the volume 

of fluid discharged from a unit area of an aquifer under unit hydraulic gradient in unit time 
(expressed as m3/m2/d or m/d); it is an intrinsic property of the porous medium and is 

independent of the properties of the saturating fluid; not to be confused with hydraulic 

conductivity which relates specifically to the movement of water. 

Porosity:  The percentage of void space that a rock or sediment contains, which is an index of how much 

groundwater can be stored per volume when saturated. The effective porosity, also called the 

kinematic porosity, of a porous medium is defined as the ratio of the part of the pore volume 

where the water can circulate to the total volume of a representative sample of the medium. 

Quaternary catchment: Fourth order catchment within a primary river basin catchment. 

Recharge:  The addition of water to the zone of saturation, either by the downward percolation of 

precipitation or surface water and / or the lateral migration of groundwater from adjacent 

aquifers. 

Recharge area:  An area over which recharge occurs. 

Saturated zone:  The subsurface zone below the water table where interstices are filled with water under 

pressure greater than that of the atmosphere. 

Storativity:  The ratio of the volume of water that drains by gravity to the total volume of rock. 

Transmissivity:  the rate at which a volume of water is transmitted through a unit width of aquifer under a 

unit hydraulic head (m2/d); product of the thickness and average hydraulic conductivity of an 

aquifer. 

Unsaturated zone:  That part of the geological stratum above the water table where interstices and voids 

contain a combination of air and water; synonymous with the zone of aeration and vadose zone. 

Water table:  The upper surface of the saturated zone of an unconfined aquifer at which pore pressure is at 

atmospheric pressure, the depth to which may fluctuate seasonally. 

Wellfield:  An area containing more than one pumping borehole that provides water to a public water supply 

system or single owner (i.e. Municipality). 
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1 June 2009 

392947 

Preliminary Assessment of Impact of the Proposed Riviera 
Tungsten Mine on Groundwater Resources 

 

1 Introduction and Scope of Report 
SRK Consulting were appointed by Mr Trevor Pikwane of Bongani Minerals (Pty) Ltd in October 

2008 to undertake a preliminary desktop study of the potential impact the proposed Riviera Tungsten 

Mine may have on the local groundwater resources.  The proposed tungsten mine is located in the 

Krom Antonies River Valley (also known as Moutonshoek Valley) approximately 23 km north of 

Piketberg in the Western Cape Province (Figure 1). 

The investigation integrates the assessment of water supply, mine dewatering and water management 

measures together with environmental control requirements.  Water supply depends on aquifer yields 

and water quality.  A two-aquifer system is expected with an upper primary aquifer in the alluvial 

deposits consisting of unconsolidated sands and boulders and a secondary, semi-confined aquifer in 

the fractured bedrock.  Sources of water for different production purposes could be derived from the 

mine dewatering.  The dewatering needs will also be governed partly by whether mining is open pit 

or underground.  The latter will require a closer assessment of risk in terms of potential sudden 

inflows and mitigation work required to reduce the risk to acceptable levels. 
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Figure 1: Locality and Physiographic Setting of the Study Area 
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2 Project Objectives and Methodology 
2.1 Program objectives 

The objectives of the preliminary hydrogeological impact study include: 

• Assessment of the impacts of groundwater on the proposed mine including dewatering 

and water management: 

• Assessment of groundwater supply in terms of quantity and quality; 

• Assessment of impact of mining on the groundwater environment, including impact on 

existing users in terms of quantity and quality. 

2.2 Project approach 
A two-phase approach to the groundwater studies was proposed, viz: 

• Phase 1: Desk study, setting up of a conceptual  and numerical flow model as well as 

a contaminant transport model and compiling a preliminary groundwater impact 

assessment report; 

• Phase 2: Drilling and testing (yield, packer, down-hole geophysics, chemistry, 

isotopes) of hydrogeological exploration boreholes,: Analysis and reporting, 

including calibration of numerical flow and transport modelling, scenario modelling 

and final groundwater impact assessment report. 

This report covers Phase 1 of the investigation. 

2.3 Methodology 
For Phase 1 of the investigation the methodology was as follows: 

• Collate and review all available information and develop a conceptual 

hydrogeological model of the tungsten deposit and its associated groundwater 

resource area. 

• A site reconnaissance visit was conducted on 22 October 2008. Due to opposition of 

the landowners to the mining project the site visit was confined to public roads. 

• Carry out spatial and quantitative analysis on rainfall, groundwater recharge, aquifer 

yield potential and groundwater quality for the relevant Quaternary Catchment(s) by 

means of ArcGIS gridding techniques. 

• Map potential groundwater bearing structures and formations on satellite imagery and 

aerial photographs using the ArcGIS desktop software.  The ERDAS image-

processing software was used to produce various derivative images aimed at 

enhancing the visibility of geological lineaments.  The lineaments were mapped on-

screen from the various false-colour composites and grey-scale derivative images.  

The satellite lineament data were then overlain on the 1:50 000 scale digital 

topocadastral maps and any obvious “anthropogenic” lineaments removed. 
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• The geological data of the area were digitised and attributed from the published 

geological and other relevant maps. 

• Existing borehole locations and other relevant groundwater information were 

superimposed on GIS generated maps for analysis. 

• Weather records were evaluated for input to an assessment of recharge.  Although 

storage in the aquifers (intergranular) is likely to be fairly high, the sustained yield 

will be a function of recharge.   

• A conceptual hydrogeological model was developed together with a hazard plan to 

help decide the optimum field testing programme for Phase 2.  The Phase 2 

requirements will also be governed by any initial project development programmes of 

Bongani Minerals and tied in to any drilling and test work to be done under the 

geological resource and geotechnical programmes.  In order to optimise on the 

position, depth, spacing, pumping performance and infrastructure costs of a wellfield 

it is necessary to understand the regional geological structure of the sedimentary 

basin. 

• A preliminary numerical flow model, using the MODFLOW package, was developed 

by using inferred and extrapolated aquifer parameters based on available information 

for similar aquifer conditions.  A preliminary contaminant transport model will then 

be developed in later phases to model various scenarios of mine development, 

dewatering, groundwater supply abstraction and pit rebound. 

• The groundwater data are presented in a GIS format (using ARCVIEW or 

MAPINFO) for future planning and management of the aquifer and for development 

of the conceptual model for numerical modelling of the aquifer.   

• The analytical processes and preliminary findings are summarised in this report. 

 

2.4 Constraints 
 

The following constraints are being put on record: 

 

• Due to opposition to the mining project by the landowners in the study area, 

permission for conducting a hydrocensus of existing groundwater points could not be 

carried out. 

• For the same reason no drilling of test boreholes and test pumping was possible. 

 

2.5 Project team 
SRK’s project team consisted of the following persons: 

• Mr. Des Visser Principal hydrogeologist, project manager and key technical 

input 

• Mr. Peter Rosewarne Principal hydrogeologist, technical input and review (including 

flow modeling) 
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• Dr. Ingrid Dennis Specialist numerical flow and  transport modeller (Institute for 

Groundwater Studies UOFS - Specialist Consultant to SRK 

Cape Town)  

• Mr. Richard O’Brien Senior environmental geochemist, geochemical input 

• Mrs. Millie Goes Senior hydrogeologist/GIS specialist, GIS database & analysis 

and project hydrogeologist 

3 Legislative and Policy Requirements 
The administration of laws and regulations relating to groundwater exploration and 

abstraction is largely shared between the National Department of Water and Environmental 

Affairs (DWEA) and Western Cape Provincial Department of Environmental Affairs and 

Development Planning DEADP.  The main legislation and applicable guidelines / quality 

standards covering the hydrogeological issues applicable to this project are given below. 

3.1 Policy Documents 
The relevant documents are as follows: 

• National Water Resource Strategy (NWRS 1st Edition, September 2004); 

• Revision of General Authorisations in terms of Section 39 of the National Water Act, 

1998 (Act No. 36 of 1998). Gazette No. 26187, Government Notice No. 399, DWAF,  

26 March 2004; 

• National Water Act (NWA) (Act No. 36 of 1998); 

• Water Services Act (WSA) (Act No. 108 of 1997); 

• National Water Policy White Paper, April 1997; 

• National Environment Management Act (NEMA) (Act No. 107 of 1998); and 

• Environment Conservation Act (ECA) (Act No. 73 of 1989). 

The NWA is the principal legal instrument relating to water resource management in South 

Africa and contains comprehensive provisions for the protection, use, development, 

conservation, management and control of South Africa’s water resources.  In addition, the 

management of water as a renewable resource must be carried out within the framework of 

environmental legislation, i.e. NEMA.  It declares the national government to be the public 

trustee of the nation's water resources – including groundwater systems – and prioritises 

socio-economic and environmental needs. 

A key aspect of the National Water Policy is Integrated Water Resources Management 

(IWRM).  This recognises that water resources can only be successfully managed if the 

natural, social, economic and political environments in which water occurs and is used are 

taken into consideration.  IWRM aims to strike a balance between the use of water resources 

for livelihoods and conservation of the resource whilst promoting social equity, 

environmental sustainability and economic growth and efficiency. 
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The ECA provides the statutory basis for regulating scheduled activities by means of 

Environmental Impact Assessment regulations.  It empowers the Minister of Environmental 

Affairs and Tourism to identify activities that may have a substantial detrimental effect on the 

environment.  It also stipulates the administrative and technical procedures that must be 

followed for a scheduled activity to be authorised.  These Environmental Impact Assessment 

procedures include provisions for the mandatory appointment of independent environmental 

consultants, environmental scoping, assessment and reporting, and public participation in 

environmental processes. 

 

4 Description of the Affected Environment 
(Baseline) 

4.1 Available information reviewed 
The existing reports, literature, maps and information that were reviewed are as follows: 

Published literature 

• The Stratigraphy, Lithology and Structure of the Table Mountain Group.  De Beer, C. 
(2002):  Paper in Water Research Commission report TT158/01; ‘A Synthesis of the 
Hydrogeology of the Table Mountain Group – Formation of a Research Strategy’. 

• Structural setting of the Riviera W-Mo deposit, Western Cape, South Africa. A. 

Rozendaal, P. G. Gresse, R. Scheepers, and C. H. de Beer, University of 

Stellenbosch, Department of Geology, Stellenbosch. Published in the South Africa 

South African Journal of Geology; June 1994; v. 97; no. 2; p. 184-195. 

• Groundwater Development in South Africa and an Introduction to the Hydrogeology 

of Groundwater Regions. JR Vegter June 2001. Water Research Commission Report 

TT134/00. 

Unpublished reports 

• Assessment of Development Potential of Groundwater Resources for the West Coast 

District Municipality. Draft SRK Report No. 318611, October 2003. 

• Conceptual Open Pit Mine Design and Scheduling on the Riviera Tungsten Prospect. 

Draft Report 531R by Venmyn Rand (Pty) Limited. 

• Riviera Tungsten Deposit Metallurgical Plant Update: Order of Magnitude Process 

Evaluation, Conceptual Sizing, Cost and Layout for 3 mtpa and Updated for 0.7 mtpa. 

Draft Report No. VMR 1a/2009 by Venmyn Rand (Pty) Limited. 

Maps and photos 

• Surveyor General’s 1:50 000 scale topocadastral mapsheets 3218DA, 3218DB, 

3218DC and 3218DD. 

• Council for Geoscience’s 1:250 000 scale geological mapsheet 3218 Clanwilliam. 
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• Department of Water Affairs and Forestry’s (DWAF) 1:10 000 scale colour aerial 

photographs scenes 3218DA, DB,DC and DD 

• Google Earth satellite image 

• DWAF’s 1:500 000 scale groundwater mapsheet 3117 Calvinia. 

Other information 

• DWAF’s national groundwater database (NGDB) borehole information for the  

1:50 000 scale mapsheets 3218DA, 3218DB, 3218DC and 3218DD. 

• DWAF’s national Groundwater Resource Assessment Phase 2 (GRA2) data sets. 

 

4.2 Description of the Proposed Riviera Tungsten Project 
Bongani Minerals (Pty) Ltd plan to establish an open pit mine and metallurgical plant with 

related infrastructure to mine the Riviera Tungsten / Molybdenum Deposit located in the 

Moutonshoek Valley (Figure 2).  The scheelite/powellite and molybdenite mineral deposit 

was discovered in 1979 (Walker, 1994).  The mineralisation occurs in a greisenized granite 

cupola, which shows porphyry-type alteration and minor skarns.  The ore reserve is reported 

as 46 Mt 93 at an average grade of 0.216% WO3 and 0.020% Mo (Walker, 1994).   

Bongani Minerals propose to mine the ore deposit in two phases, as follows: 

• Phase 1 – Starter Pit 1 – 11 Mt – 18 ha - 4 years 

• Phase 2 – Final Pit – 17 Mt – 50.2 ha - 13 years 

 

The metallurgical plant is divided into two operations (EMC, 2009), 

• The Concentrator plant, utilising mill, float and gravity operations to generate 

molybdenum sulphide and tungsten oxide (Scheelite) concentrates and 

• A Concentrates Treatment plant to produce ammonium paratungstate (APT) via 

either a soda ash leach route involving crystallisation or an alkali caustic soda leach 

route involving either solvent extraction or ion exchange. 

The Riviera operation has the option to produce and sell; 

• A low grade flotation/gravity concentrate at 30% WO3; 

• A leached flotation/gravity concentrate which would be of usual marketable grade 

(60-65%WO3) or 

• APT at 96.8% WO3. 
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4.3 Geography 

4.3.1 Extent of the study area 

The study area included in the geohydrological assessment encompasses the upper reaches of 

the Krom Antonies River Valley (Figure 1). It is situated in the Western Cape Province of 

South Africa (Figure 1 inset map) and covers approximately 500 km2. 

Figure 2 presents a detailed layout of the proposed mine area indicating the location of the 

plant, slimes dam and waste dump as well as the proposed location of the starter and final pit 

areas.  The proposed mine is located some 170 km to the north of Cape Town on Farm 297 

and Namaquasfontein 76 (32°42'0.00"S, 18°43'0.00"E) in the Piketberg Magisterial District 

of the Western Cape Province in the Republic of South Africa . The nearest town is Piketberg, 

which is located approximately 53 km from the site by road. The current land use of the area 

is farming.  Access from Cape Town to the central portion of the project area is via a national 

highway (N7) to the town of Piketberg and then via a tarred road to an intersection with a 

gravel road, north of the project area. 

4.3.2 Topography 

The majority of the study area lies at an eleveation of >100 m above mean sea-level (mamsl), 

except along the lower reaches of the Krom Antonies, Boesmans, Kruismans and Eselshoek 

Rivers, which lie below the 100 mamsl level (Figure 1).  A number of NW-SE to N-S 

trending, lithologically and tectonically controlled ranges of hills and mountains occur, 

namely the Piketberg range which attains a maximum altitude of approximately 1 450 mamsl. 

The Sandberg lies to the west of the site. 

4.3.3 Drainage 

The majority of the study area falls within the G30D Quaternary catchment (Figure 1). In the 

east the study area falls within the G30B Quaternary catchment, while the south-western 

portion of the study area falls within the G10K Quaternary catchment. The proposed mine is 

located in Quaternary catchment G30D, which has a mean annual runoff of approximately  

22 mm/a (WR2005).  The groundwater contribution to baseflow is estimated as ~2 mm/a 

(WR2005). 

The study area is mainly drained by the north-westerly flowing perennial Krom Antonies 

River and its tributaries which include the perennial Kruismans River in the north and the 

Eselshoek River in the west. The Krom Antonies, Kruismans and Eselshoek Rivers merge in 

the north into the Verlorenvlei.  

In the south-west the G10K Quaternary catchment is drained by the perennial Boesmans 

River. 
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Figure 2 Infrastructure Layout 
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4.3.4 Climate 

The climate of the region is Mediterranean with the majority of the rain falling during the 

winter months of May to August (Figure 3).   

 

Figure 3: Average monthly rainfall and temperatures at Piketberg 

 

A 50 X 50 m raster dataset of mean annual precipitation (MAP) of the study area was 

interpolated from Schulze (1997), and calibrated using MAP information from a number of 

rainfall stations (Table 1).   The MAP varies from 200 mm in the north to in excess of  

600 mm in the Piketberg Mountains (Figure 3).  The MAP increases from east to west and 

from north to south and is topographically controlled.   The ‘average’ MAP for the study area 

is in the order of 370 mm.  The mean annual potential (A-pan) evaporation ranges from 1 800 

to 2 400mm (Schulze, 1997). 

 

Table 1: Mean Annual Precipitation at Calibration Rainfall Stations 

Station Number Locality Record 
Length 

Mean Annual 
Precipitation (mm) 

Vredenburg Ko-op (20065) Vredenburg 1973 - 1988 317.0 

Langebaan Road (20094) Langebaan 1989 - 1992 283.5 

Koperfontein  (22180) Hopefield 1996 - 2001 348.2 

Moreson (20174) Hopefield 1989 - 1994 344.7 

Porterville (20068) Porterville 1973 - 2001 524.4 

De Hoek (20150) Saron ? 616.0 

Rooihooghte (20138) Porterville 1983 - 1995 390.0 

Moorreesburg Ko-op (20066) Moorreesburg 1973 - 2001 413.5 

Langegewens Proefplaas (20037) Moorreesburg 1964 - 2001 399.8 

Riebeek-Wes Ko-op (20063) Riebeek-Wes 1973 - 1996 556.5 

Skaapkraal  (22392) Malmesbury 1997 - 2001 476.7 

Philadelphia (20048) Philadelphia 1969 - 2001 451.8 

Waveren (20142) Tulbagh 1984 - 1992 836.6 

* Source: Institute of Soil, Climate and Water, Agromet, Pretoria. 
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Figure 4  Mean Annual Precipitation (mm/a) 
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4.4 Geology 

4.4.1 Unconsolidated sediments 

The study area is underlain by ~10 – 30 m of Tertiary to Recent unconsolidated alluvial and 

clay deposits (Figure 5, Figure 6 and Figure 7).  Note: It could not be determined from the 

literature if the clay layer is of alluvial origin or from in-situ weathering.  The bottom clay 

layer varies in thickness from ~3 to ~25 m whilst the overlying layer of alluvial sandy soil, 

pebbles and boulders varies in thickness from ~3 m to ~12 m. 

4.4.2 Sedimentary rocks 

The study area is bounded in the north-east, south-west and south-east by sandstones and 

minor shale of the Table Mountain Group (TMG).  These quartzitic sandstones are resistant to 

weathering and hence form the rugged mountains in the area (Figure 5 and Figure 6).  The 

TMG is underlain by older meta-sedimentary rocks of the Malmesbury Group consisting of 

phyllite/schist and interbedded calcareous rocks.  The Malmesbury rocks are less resistant to 

weathering and have therefore been eroded by the Krom Antonies River to form the centre 

valley floor of the Moutonshoek Valley. 

4.4.3 Intrusive rocks 

The sedimentary rocks of the Malmesbury Group have been intruded by the Riviera Granite 

Pluton, which forms part of the Cape Granite Suite.  The age of this pluton has been inferred 

to be ~520 Ma (Gresse & Scheeper, 1993 and Scheepers & Rozendaal, 1992). 

4.4.4 Mineralisation 

The Riviera tungsten deposit was discovered by Union Carbide Exploration Company in 

1975.  After forming a joint venture with Anglo American Corporation, the ore zone was 

outlined and a feasibility study concluded by the end of 1983 by extensive diamond drilling.  

Published ore reserves are 46 million tonnes at a grade of 0.216% tungsten and 0.02% 

molybdenum (Walker, 1993). Both the scheelite (tungsten) and molybdenite mineralisation is 

associated with the roof zone of the pluton as well as the Ca-rich wall rocks in close 

proximity to the granite contact.  The richest ore zone occurs along the eastern edge of the 

Riviera granite dome (Rozendaal et al, 1994). 

4.4.5 Structural geology 

The Riviera granite pluton has intruded an older north-west trending isoclinal fold structure 

that developed during an earlier deformation of the Malmesbury Group.  Subsequent 

Mesozoic tensional tectonics has resulted in a swarm of steeply dipping north-west trending 

normal faults forming graben-horst structures showing significant displacements along some 

faults (Rozendaal et al, 1994).  The Riviera deposit has been elevated to its current position 

by a horst block flanked by two north-west striking normal faults (Figure 6).  Subsequent 

erosion exposed the roof of the granite pluton, which was subsequently covered by superficial 

deposits of clay and alluvium.  Exploration drilling and satellite mapping has indicated that 

the granite pluton is terminated on its western periphery by a major fault system, the Krom 
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Antonies Fault, which has a possible downthrow of ~450 m to the west (Rozendaal et al, 

1994).  Drilling has indicated that a fault also occurs on the eastern boundary of the pluton, 

although it shows hardly any displacement of the ore body.  Drilling has also indicated a 

sharp termination of the pluton along its northern edge, which could possibly be attributed to 

an east-northeast, west-southwest striking fracture or kink fold system (Rosendaal et al, 

1994). 

 

Figure 5: Geology of the Piketberg area (after De Beer 1990 & Rozendaal 1994) 
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Figure 6: Geological cross-sections in the Piketberg area showing the 
structural relationship and spatial position of the Riviera pluton 
(After Rozendaal et al 1994) 
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Figure 7: Detailed geological cross-section of the Riviera granite dome (after 
Rozendaal et al, 1994) 

4.5 Hydrogeology 

4.5.1 Aquifer types 

Two types of aquifers are known to occur in the study area, namely an unconfined primary or 

intergranular aquifer formed by the alluvial sediments in the valley and a semi-confined 

secondary or fractured-rock aquifer formed by secondary openings (fractures, joints and 

solution cavities) in the crystalline and sedimentary hard-rock formations (Figure 7).  The 

faulted contact zones of the Riviera Pluton are expected to represent a well developed 

fractured-rock aquifer, which may be capable of yielding large volumes of groundwater. 

4.5.2 Aquifer thickness 

No groundwater related information other than water levels for a few boreholes obtained from 

the NGDB could be found for the study area.  The aquifer information reported below is 

therefore based on SRK’s experience for areas of similar hydrogeological formations. 

Primary aquifer 

Based on the previous exploration drilling borehole logs the primary aquifer in the study area 

is inferred to vary in thickness from <5 m near the flanks and upper reaches of the valley up 

to ~30 m or more in the centre of valley near the Krom Antonies River.   
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Figure 8  Aquifer Types 
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In the area overlying the ore body and within a 2 km radius of it the primary aquifer is 

expected to vary in thickness from 10 to 30 m. 

Secondary aquifer 

No information could be obtained on local thickness of the secondary aquifer.  However, this 

aquifer is expected to extend from the bedrock subsurface to well below the ore body, i.e. a 

thickness of 80 to 200 m and more.   

4.5.3 Hydraulic properties 

As far as could be determined no borehole or aquifer tests have been carried out in the study 

area from which aquifer hydraulic properties have/can be derived.  The hydraulic properties 

for the various rock formations, i.e. transmissivity (T), storativity (S) and hydraulic 

conductivity (K), have therefore been derived from published literature for similar rock 

formations and aquifers and from SRK’s experience in similar hydrogeological domains. 

Table 2: Inferred hydraulic properties of the aquifer formations 

Aquifer Host Rock Hydraulic 
Conductivity  

(m/d) 

Assumed 
Aquifer 

Thickness  
(m) 

Estimated 
Transmissivity 

(m2/d) 

Storage Coefficient 

Surficial sand and alluvium 2 x 10-2 – 50A 10 0.2 – 500 0.15 – 0.25B 

Clay 9 x 10-7 – 4 x 10-4A 20 1.8 x 10-5 – 8 x 10-3 0.01 – 0.10B 

Schist (Phyllite) 0.1 – 1 x 10-3SRK 70 7 – 7 x 10-2 0.001  0.1AU 

Limestone 9 x 10-5 – 0.5A 70 6 x 10-3 – 35 0.005 – 0.05B 

Granite solid 3 x 10-9 – 2 x 10-5A 100 3 x 10-7 – 2 x 10-3 0.00001 – 0.0001AU 

Granite fractured 7 x 10-4 – 30A 10 7 x 10-3 - 300 0.0001 – 0.001AU 

A – Domenico & Schwartz, 1990 (p. 65)                     SRK – Falling head test results at PPC De Hoek Quarry 

B – From Driscoll, 1986 (p. 67) 
AU – Assumption based on author’s experience  

 

The surficial alluvial deposits of sand, pebbles and boulders are expected have an average 

transmissivity of ~20 m2/d whilst the altered contact zone of the pluton as well as fractured 

fault contacts are expected to have an average transmissivity of ~150 m2/d.  The overall 

transmissivity of the fractured-rock aquifer is assumed to be ~2 m2/d. The clay layer, which 

forms an aquitard, is expected to have a transmissivity of <1 m2/d.  To obtain more accurate 

parameters for the local aquifers, suitably sited hydrogeological exploration boreholes will 

have to be drilled and test pumped. 

4.5.4 Depth to groundwater 

Information from ninety-eight boreholes was collected, mostly obtained from the DWEA’s 

National Groundwater Database.  The positions of these boreholes are shown in Figure 10.  

Of the 22 DWAF NGDB boreholes located in the Groundwater Resource Unit (GRU) 

relevant to Riviera Mine, only nine boreholes have reported water levels, with depths ranging 
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from 21.2 m along the valley slopes to ~1 m in the valley floor. The average depth to water 

level is 10.8 mbgl, with a minimum of 0.4 mbgl and a maximum of 44 mbgl.  According to 

the GRA2 data set the groundwater levels on site vary between 22 and 25 mbgl.  Note: 

Groundwater resource units represent provisional zones defined for the purposes of assessing 

and managing the groundwater resources of a region, in terms of large-scale abstraction 

from relatively shallow (depth < 300 m) production boreholes.  They represent areas where 

the broad geohydrological characteristics (i.e. water occurrence and quality, hydraulic 

properties, flow regime, aquifer boundary conditions etc.) are anticipated to be similar. 

Interpolation is necessary to generate a water level contour map for the study area.  The 

interpolation technique used is referred to as Bayesian interpolation where water levels are 

correlated with the surface topography.  All available levels were plotted against the 

topography in Figure 9.  The results indicate a correlation of 85 % between the data sets.  

Therefore, Bayesian interpolation is valid and was used to generate water levels.  The water 

levels and flow directions are shown in Figure 11.  As groundwater levels follow topography 

it can be assumed that groundwater flow generally takes place under unconfined and semi-

confined conditions. 

 

Figure 9: Correlation between water levels and topography 
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Figure 10: Position of NGDB boreholes in and around the Riviera study area 
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4.5.5 Direction of groundwater flow 

The water levels and flow directions are shown in Figure 11.  As groundwater levels follow 

topography it can be assumed that groundwater flow generally takes place under unconfined 

and semi-confined conditions. 

4.5.6 Hydraulic gradient 

An indication of the hydraulic gradient was derived from the inferred water level contour 

plan.  Using this information, the hydraulic gradient is expected to vary from 0.48 beneath the 

steeper valley slopes to 0.08 beneath the flatter lying valley floor (Figure 11). 

4.5.7 Groundwater quality 

The quality of the groundwater in the study is highly variable and is controlled by factors such 

as host-rock lithology, aquifer transmissivity, depth of water level below surface and climate 

(rainfall and evaporation).  The general variations in groundwater quality are indicated in 

Figure 12 in terms of Electrical Conductivity (EC).  A summary of the main hydrochemical 

constituents within each of the main lithological units is presented in Table 3. 

Primary Aquifer Systems 

The water quality in the Cenozoic aquifer systems is highly variable and is complicated by the 

fact that they often comprise multi-layered aquifers where both unconfined to semi-confined 

conditions exist.   

Groundwater quality in the Cenozoic deposits to the north of the Papkuils River (Aurora) is 

generally good (50 – 170 mS/m) due to significant lateral inflows of fresh groundwater from 

the TMG Aquifer system between Aurora and Piketberg, as well as the underlying TMG 

basement.  Groundwater in the study area is expected to be similar quality. 

The groundwater is of a sodium-chloride type and in places shows relatively high nitrate 

(mean 8.0 mg/l in 858 samples) concentrations typical of shallow aquifers where localised 

anthropogenic contamination has occurred. 

TMG Aquifer Systems 

Good quality groundwater, with EC <80 mS/m (Figure 12), occurs in the predominantly 

arenaceous TMG rocks, i.e. at the Piketberg and along the far eastern boundary of the study 

area.   

Groundwater in TMG Aquifer systems is typically of a sodium-chloride type due to recharge 

from coastal front systems and is generally corrosive (Table 3).  The mean and median pH of 

28 TMG water samples from the study area is 6.1 and 6.2, respectively.   A further 

characteristic of TMG groundwater is an elevated dissolved iron concentration, with eight 

samples from the DWAF’s hydrochemical database showing a mean content of 0.78 mg/l. 


