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INDEMNITY AND SPECIALIST DECLARATION 

The findings, results, observations, conclusions and recommendations given in this report are based on the 

ŀǳǘƘƻǊΩǎ ōŜǎǘ ǎŎƛŜƴǘƛŦƛŎ ŀƴŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ƪƴƻǿƭŜŘƎŜ ŀǎ ǿŜƭƭ ŀǎ ŀǾŀƛƭŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴΦ ¢ƘŜ ǊŜǇƻǊǘ ƛǎ ōŀǎŜŘ ƻƴ 

assessment techniques, which are limited by information available, time and budgetary constraints relevant to 

the type and level of investigation undertaken and Gradient Consulting (Pty) Ltd reserve the right to modify 

aspects of the report including the recommendations if and when new information may become available from 

ongoing research, monitoring, further work in this field, or pertaining to the investigation.  

Although Gradient Consulting (Pty) Ltd exercises due care and diligence in rendering services and preparing 

documents, Gradient Consulting (Pty) Ltd accepts no liability, and the client, by receiving this document, 

indemnified Gradient Consulting (Pty) Ltd against all actions, claims, demands, losses, liabilities, costs, damages 

and expenses arising from or in connection with the services rendered, directly or indirectly by Gradient 

Consulting (Pty) Ltd and by the use of the information contained in this document.  

This report has been drafted as per the latest requirements for specialist reports as set by the Department of 

Environmental Affairs and listed in Government Gazette No. 40713, dated 24 March 2017 and Government 

Gazette No. 40772 dated 07 April 2017 in terms of the National Environmental Management Act, 1998 (Act No. 

107 of 1998) (NEMA). We realise that a false declaration is an offence in terms of regulation 48 of the 

Environmental Impact Assessment Regulations, 2014 (as amended) promulgated in terms of the National 

Environmental Management Act, 107 of 1998 (NEMA) and is punishable in terms of section 49B of the NEMA. 

I, JFW Mostert, hereby declare that: 

- I act as the independent specialist in this application. 

- I will perform the work relating to the application in an objective manner, even if this results in views 

and findings that are not favourable to the applicant. 

- I declare that there are no circumstances that may compromise my objectivity in performing such work.  

- I have expertise in conducting the specialist report relevant to this application, including knowledge of 

the Act, Regulations and any guidelines that have relevance to the proposed activity. 

- I will comply with the Act, Regulations and all other applicable legislation. 

- I have not, and will not engage in, conflicting interests in the undertaking of the activity. 

- I undertake to disclose to the applicant and the competent authority all material information in my 

possession that reasonably has or may have the potential of influencing - any decision to be taken with 

respect to the application by the competent authority; and - the objectivity of any report, plan or 

document to be prepared by myself for submission to the competent authority. 

- All the particulars furnished by me in this form are true and correct. 

 

 
 
 

JFW Mostert (Hydrogeologist) 

M.Sc. Hydrogeology, Pr.Sci.Nat.  
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Executive summary 

Gradient Consulting (Pty) Ltd was appointed by Environmental Impact Management Services (Pty) Ltd (hereafter 

referred to as EIMS) to conduct a hydrogeological baseline investigation and groundwater impact assessment to 

support a Water Use Licence (WUL) amendment application process to be followed. Kelvin Power Station has 

an Environmental Management Plan (EMP) in terms of NEMA Section 28, dated 2009 and plans to update the 

EMP and align its operation activities with legislative requirements.  

The investigation will focus on the status quo of the regional groundwater system and quantify and qualify 

potential impacts from the power generation operation on sensitive environmental receptors. This report 

summarises the main conclusions and recommendations derived from the study. 

Kelvin Power Station falls within the Ekurhuleni Metropolitan Municipality, Gauteng Province, South Africa. The 

existing development is situated approximately 4.0km southwest of Kempton Park and approximately 8.0km 

northwest of Benoni covering a total footprint of ~149.0ha .  

The topography of the greater study area are characteristically an undulating highveld plateau with gentle rises 

and dips. The relief of the area varies between 0.0 ς 130.0m towards the eastern segment and between 30.0 ς 

210.0m towards the western perimeter. The landscape gradually flattens out towards the lower laying drainage 

system towards the northwest (approximate elevation low of 1430.0mamsl), while the southern and 

southwestern perimeters are shaped by ridges also forming the catchment water divide (approximate elevation 

high of 1787.0mamsl). The lowest topographical elevation on-site is recorded as 1620.0mamsl which is situated 

towards the western perimeter forming part of the local drainage system while the highest topographical point 

recorded on site is approximately 1671.0mamsl towards the east. 

The greater study is situated in primary catchment (A) of the Crocodile and Juksei River drainage systems which 

covers a total area of approximately 48 000km2. The resource management falls under the Limpopo Water 

Management Area  and is situated within quaternary catchment A21C. The hydrology of the region is 

characterised by predominately perennial watercourses with the main rivers draining the greater study area in 

a general north-westerly direction being the Jukskei River. Locally a tributary of the Jukskei River, 

Modderfonteinspruit, flows just west of the project area forming a confluence with the Jukskei River 

approximately  11.0km northwest of the site. 

The calculated mean annual precipitation for this rainfall zone is 675.69mm/a, with the 5th percentile of the data 

set (roughly equivalent to a 1:20 year drought period) calculated at 467.09mm/a and the  

95th percentile (representing a 1:20 flood period) 939.30mm/a. The catchment area is categorised under 

evaporation zone 3A which has a mean annual evaporation (s-pan) ranging between 1700mm/a, more than 

double the annual precipitation. 

The surficial geology of the study area comprises of felsic, intermediate rocks of the Halfway House Dome 

situated on the central Kaapvaal Craton formed through a series of magmatic events during the mid-Archaean 

age.  The Ventersdorp Supergroup comprising of mafic and ultramafic volcanic rocks of the Klipriviersberg Group 

striking in a southwest northeast direction and dipping at approximately 50° in a southeastern orientation occurs 
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just southwest of the project area. Following the Ventersdorp Group are siliciclastic rocks of the West Rand 

Group (Hospital Hill, Jeppestown as well as Government Subgroups) of the Witwatersrand Supergroup which 

also dips approximately 45° in a general south to southwestern orientation. The Dwyka Group of the Karoo 

Supergroup  flanks the West Rand Group towards the eastern perimeter of the greater study area while 

carbonate rocks of the  Malmani Subgroup (Chuniespoort Group) occur towards the north and northeast. 

Structural analysis indicates the presence of various SW-NE as well as N-S trending fault zones traversing the 

greater study area. The latter may have an impact on the local hydrogeological regime as it can serve as potential 

mechanisms and preferred pathways for groundwater flow and contaminant transport. 

The study area is predominantly underlain by a Class d3 intergranular and fractured aquifer (typically associated 

with median borehole yields ranging between 0.5 and 2.0L/s), it should however be noted that higher yielding 

boreholes (>5.0l/s) may occur along intruding dyke contact zones and other structural features i.e., fault zones. 

The host aquifers consist of primarily intermediate or alkaline intrusive. Most hard-rock aquifers are secondary 

in nature with groundwater associated with fracturing, fault zones as well as contact zones. For the purposes of 

this investigation, three main hydrostratigraphic units/aquifer systems can be inferred in the saturated zone:   

i. A shallow Quaternary (perched and unconfined) aquifer: These aquifers consist of recent types of 

sediments and are characteristically primary porosity aquifers, such that groundwater flow occurs in 

the pore spaces between soil and sediment particles. These aquifers are formed by alluvial material 

along the riparian zone of local drainages and are limited to a zone of variable width and depth. Clay 

lenses in the soil and unsaturated zones may cause local, perched water tables which occur above the 

regional water table.  

ii. A shallow, intergranular aquifer within the Halfway House Granites: These aquifers occur in the 

transitional soil and weathered bedrock formations underlain by more consolidated bedrock. 

Groundwater flow patterns usually follow the topography, discharging as natural springs at topographic 

low-lying areas. Usually, these aquifers can be classified as a secondary porosity aquifer and is generally 

unconfined with phreatic water levels. In secondary porosity aquifers, groundwater flow occurs along 

fractures, while water is stored within the rock matrix. Due to higher effective porosity (n) this aquifer 

is more susceptible to impacts from contaminant sources compared to confined aquifers. 

iii. A deeper, fractured aquifer within the Halfway House Granites: In fractured aquifers, pores are well-

cemented and do not allow any significant flow of water. Groundwater flow is dictated by transmissive 

secondary porosity structures such as bedding planes fractures, faults and contact zones fracture zones 

that occur in the relatively competent host rock. Fractured granite as well as dolerite dykes and sills are 

considered as fractured rock aquifers holding water in storage in both pore spaces and fractures. 

Groundwater yields, although more heterogeneous, can be expected to be higher than the weathered 

zone (shallow) aquifer. This aquifer system usually displays semi-confined or confined characteristics 

with potentiometric heads often significantly higher than the water-bearing fracture position. 
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Under natural conditions this area exhibits certain regions where there is pronounced interaction between 

surface and groundwater. Regional drainages can be generally classified as influent or gaining stream systems 

as the groundwater head elevation of the water table in the vicinity of the stream is higher than the altitude of 

the stream bed and, accordingly, there definitely exists groundwater discharge as baseflow to local drainages. 

An approximation of recharge for the study area is estimated at ~4.23% of MAP i.e. ~28.82 mm/a. 

A hydrocensus user survey within the greater study area was conducted during July 2025 where relevant 

hydrogeological baseline information was gathered. A total of 25 geosites were visited as part of the 

hydrocensus user survey. 

The unsaturated zone within the study area is in the order of 1.50 to 15.0m with a mean thickness of 

approximately ~5.0m. Due to clay/silt lenses throughout the study area, the shallow vadose zone can also be 

indicative of perched aquifer conditions which may be associated with  seepage zones/ spring localities observed 

throughout the study area.    

The minimum water level recorded is 1.52mbgl (KPS-BH02), while the deepest water level was measured at 

borehole locality KPS-MON01 (13.90mbgl). It is noted that the latter corresponds to the topographical setting of 

the borehole locality. The average water level is calculated at 5.49mbgl, while the regional average water level 

is recorded as ~15.0mbgl. It can thus be concluded that the study area is characterised by a shallow water table 

or piezometric head. It can be noted that Coefficient of Variation (CV) calculated for the water level database is 

relatively low, indicating that the regional groundwater system is in quasi-steady state conditions. 

Analysed data indicate that the surveyed water levels correlate very well to the topographical elevation and 

even with dynamic water levels taken into consideration, the correlation is calculated at R2 >0.98. Accordingly, 

it can be assumed that, under natural conditions, the regional groundwater flow direction will be dictated by 

topography. The inferred regional groundwater flow direction of the shallow aquifer will thus be towards the 

lower laying drainage system and will flow in a general western to south-western direction. 

The average groundwater gradient of the shallow, weathered aquifer in the vicinity of the study area is relatively 

flat and calculated at a mean of 0.015, with a maximum of 0.022 in a southwestern to northeastern orientation. 

The expected seepage rate from contamination originating at surface pollution sources is estimated at an 

average of approximately 5.56 metres per annum (m/a), with a maximum distance of ~12.0m/a in a 

southwestern to northeastern orientation. 

The hydrochemical analysis results suggest the overall ambient groundwater quality is moderate good with the 

majority of macro and micro determinants of most samples below the SANS 241:2015 limits. Groundwater can 

be described as neutral to alkaline, saline to very saline and hard to very hard. The majority of samples analysed 

indicate enriched calcium and magnesium which can be attributed to the igneous formation host aquifer and 

are probably of geological origin. It should however be noted that, monitoring boreholes in close proximity to 

existing waste body footprints indicate an impacted groundwater environment with high salt load (TDS and 

conductivity) and sulphate being the main diver of the salt content. Neutral conditions as well as below limit 
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metal concentrations suggest that Acid Rock Drainage (ARD) is currently not occurring. 

The water quality of surface water localities analysed is poor and can be described as neutral, very saline and 

very hard. Nitrate concentration for both surface water samples analysed is highly elevated. It should be noted 

that only contact water samples were analysed and thus, the water quality discussed does not necessarily 

represent the ambient surface water quality. 

Three distinct categories can be observed: the following samples analysed suggest a recently recharged and 

unimpacted groundwater environment i.e., KPS MON7, KPS MON09, KPS MON10, KPS MON11, KPS BH04, KPS 

BH05, KPS BH07 as well as KPS NB03 (Category A: Magnesium-Bi-carbonate dominance) while geosites KPS 

BH01, KPS BH02, KPS MON02, KPS MON03, KPS MON04, KPS MON12, KPS MON13, KPS MON14, KPS MON16, 

KPS NB01 and KPS NB02 suggest an area of static and disordinate environments (Category B: Calcium-Sulphate 

dominance). Borehole localities KPS MON01, KPS MON05 and KPS MON06 including both surface water features 

analysed (RD2 and DC) suggest an area of sodium and chloride enrichment (brine environment) (Category C: 

Sodium-Chloride dominance). 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŀǉǳƛŦŜǊ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƳŀǇ ƻŦ {ƻǳǘƘ !ŦǊƛŎŀ ǘƘŜ ǇǊƻƧŜŎǘ ŀǊŜŀ ƛǎ ǳƴŘŜǊƭŀƛƴ ōȅ ŀ άMinor aquiferέΦ 

The groundwater Quality Management (GQM) Index of 4 was calculated for the local aquifer system and 

according to this estimate, and a άMediumέ level groundwater protection is required for this aquifer system. 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 5w!{¢L/ ƛƴŘŜȄ ƳŜǘƘƻŘƻƭƻƎȅ ŀǇǇƭƛŜŘΣ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΩǎ Ǌƛǎƪ ǘƻ 

groundwater pollution of the host ŀǉǳƛŦŜǊ ǎȅǎǘŜƳΣ ƛǎ ǊŀǘŜŘ ŀǎ άModerateέ. 

In order to evaluate the risk of groundwater contamination, potential sources of contamination should be 

identified, as well as potential pathways and receptors. 

The following potential sources have been identified: 

i. Seepage of poor-quality water originating from wastewater management infrastructure. 

ii. Leachate of elements from ash dumps and coal stockpiles causing poor-quality water entering local 

resources and host aquifers.: 

iii. Mobilisation and maintenance of heavy vehicles and machinery on-site may cause hydrocarbon 

contamination of groundwater resources. 

The following aquifer pathways have been identified: 

i. Vertical flow through the unsaturated/vadose zone as well as saturated zone to the underlying 

intergranular and fractured rock aquifers. The rate at which seepage will take place is governed by the 

permeability of sub-surface soil layers and host-rock formations.  

ii. Preferential flow-paths include the contact between the depth of weathering and fresh un-weathered 

rock, fractures, faults, joints and bedding planes. Secondary fractures may also potentially act as 

transport mechanisms.  
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The following receptors were identified:  

i. Shallow, inter-granular as well as the intermediate, fractured aquifer units situated within the plume 

migration footprint(s). The riparian zone aquifer associated with drainage patterns throughout the 

greater study area can also be viewed as a sensitive groundwater receptor. 

ii. Down-gradient drainages and streams including associated riparian zone aquifer system(s) and 

baseflow contribution. 

iii. Private or neighbouring boreholes associated with relevant fracture zones and/or structures(s)if 

intercepted by the pollution plume migration footprint 

All site characterization information gathered along with time-series monitoring data were evaluated and 

incorporated into the formulation of a conceptual groundwater model. The conceptual model formed the basis 

of the numerical groundwater model development. The latter was calibrated to an acceptable error margin and 

applied as groundwater management tool for simulation of management scenarios. 

A scenario simulated a TDS pollution plume for the existing ash dumps for the operational phase(s) without 

implementation of mitigation and/or management measures. The simulated pollution plume extent covers a 

total area of approximately 1.05km2 reaching a maximum distance of ~650.0m migrating in a general 

southwestern direction from where it propagates northwest following the lower laying drainage system of the 

Modderfonteinspruit. Potential receptors include monitoring boreholes situated down-gradient from the source 

as well as the Modderfonteinspruit and associated riparian zone. It is noted that no private owned boreholes 

are impacted on. It can be observed that the TDS mass load contribution to all the observation boreholes breaks 

through the  SANS 241:2015 threshold after a simulation period of approximately 5-10  years increasing steadily 

to a maximum concentration of between ~1100.0 to 1550.0mg/l.  

A post-closure scenario was simulated to evaluate the TDS pollution plume migration within the intergranular 

aquifer host after discontinuing of mining activities. The 50-year simulation period suggest that the pollution 

plume extent covers a total area of approximately 1.25km2, reaching a maximum distance of ~750.0m in a 

general northwestern direction towards the lower laying drainage systems. The 100-year simulation period 

indicate that the pollution plume extent covers a total footprint of approximately 1.35km2, reaching a maximum 

distance of ~950.0m in a general northwestern direction towards the lower laying drainage systems. Potential 

receptors include monitoring boreholes situated down-gradient from the source as well as the 

Modderfonteinspruit and associated riparian zone.  

Two alternative management and mitigation scenarios which include active as well as passive water 

management strategies were simulated to evaluate the remedial options available.  

An active management scenario evaluating the mitigating effect of establishment of a series of seepage 

capturing or scavenger boreholes situated down-gradient of the existing waste body footprints simulated. Due 

to the negative hydraulic gradient formed locally at each seepage capturing borehole, the gradient curtain 

constrains the propagation of the pollution plume and effectively reduce the footprint by ~35.0% to ~0.65km2. 
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An active management scenario evaluating the mitigating effect of a sub-surface cut-off trench/fracturing 

curtain on the plume migration was simulated as depicted in Figure 12-33. Due to shallow groundwater levels 

i.e., relatively thin vadose zone, this mitigation alternative will intercept adequate water to create a negative 

ƎǊŀŘƛŜƴǘ ǿƛǘƘƛƴ ǘƘŜǎŜ ȊƻƴŜǎΣ ŜŦŦŜŎǘƛǾŜƭȅ ŎƻƴǎǘǊŀƛƴƛƴƎ ǘƘŜ ǇƭǳƳŜ ƳƛƎǊŀǘƛƻƴ ǊŜŘǳŎƛƴƎ ƛǘΩǎ ŦƻƻǘǇǊƛƴǘ by ~25.0% to 

~0.75km2.  

Based on the constraining effects of these mitigation scenarios on the pollution plume migration, both 

alternatives can be viewed as the remedial options for implementation. It can be noted that a collective 

approach can also be evaluated combining these alternatives for a cumulative impact. 

The model results were incorporated into a risk rating matrix to determine the significance of potential 

groundwater related impacts.  

The main operational activities include disposal of waste material, wastewater management and associated 

infrastructure as well as discharging of wastewater to the local drainage system.  

During the operational phase the environmental significance rating of groundwater quantity impacts on down-

gradient receptors are rated as insignificant as no groundwater will be removed from storage via dewatering or 

abstraction. Groundwater quality impacts from existing waste body footprints and associated infrastructure are 

rated as high negative without implementation of remedial measures and medium to low negative with 

implementation of mitigation measures.  

The main post-closure activities include rehabilitation and decommissioning of related infrastructure.  During 

the post-closure phase, the environmental significance rating of groundwater quantity impacts on down-

gradient receptors remains insignificant as not water will be removed from storage. Groundwater quality 

impacts from mining footprints are rated as high negative without implementation of remedial measures and 

medium to low negative with implementation of mitigation measures. 
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The following recommendations are proposed following this investigation: 

i. It is recommended that the management and mitigation measures be implemented as part of the 

integrated groundwater management plan (Section 14 of this Report). The Licensee shall appoint a 

suitably qualified and responsible person and make all of the necessary and reasonable financial, 

ƘǳƳŀƴ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ƘƛƳκƘŜǊέ ǘƻ ƎƛǾŜ ŜŦŦŜŎǘ ǘƻ ŀƭƭ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŀǎ 

stipulated in specialist reports to ensure compliance to licence conditions pertaining to activities to 

ensure that potential impact(s) are minimised, and mitigation measures proposed are functioning 

effectively. 

ii. It is recommended that the revised monitoring network and program as set out in this report should 

be implemented and adhered to. It is imperative that monitoring be conducted to serve as an early 

warning and detection system. Monitoring results should be evaluated on a quarterly basis by a suitably 

qualified person for interpretation and trend analysis and submitted to the Regional Head: Department 

of Water and Sanitation.  

iii. Additional monitoring boreholes, as recommended, should be established to replace demolished 

boreholes down-gradient of existing waste infrastructure in order to evaluate the groundwater 

drawdown as well as mass load contribution to environmental and sensitive groundwater receptors. 

Drilling localities should be determined by means of a geophysical survey in order to target lineaments 

and weathered zones acting as preferred groundwater flow pathways and contaminant transport 

mechanisms.  

iv. Newly established monitoring boreholes should be subjected to aquifer hydraulic parameters to 

supplement and verify existing hydraulic parameters interpreted as part of the first phase drilling and 

testing run.   

v. Groundwater flow modelling assumptions should be verified and confirmed. The calibrated 

groundwater flow model should be updated on a biennial (once every two years) basis as newly 

gathered site characterisation data and monitoring results become available in order to be applied as 

groundwater management tool for future scenario predictions.  
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List of Abbreviations 

ABA Acid Base Accounting 

ASTM American Society for Testing Materials  

Avg Average 

BH Borehole 

CMB Chloride Mass Balance 

CV Coefficient of Variation 

b Saturated Thickness 

DMR Department of Environmental Affairs 

DEM Digital Elevation Model 

DRASTIC DI Index 

DWS Department of Water Affairs  

EC Electrical Conductivity (mS/m) 

EA Environmental Authorisation 

EIA Environmental Impact Assessment 

E.N. Electro Neutrality 

EPA United States Environmental Protection Agency 

ha Hectares 

GIS Geographic Information Systems 

GN Government Notice 

GQM Groundwater Quality Management 

i Hydraulic gradient (dimensionless) 

ICP-OES Inductively coupled plasma optical emission spectrometer 

ICP-MS Inductively coupled plasma mass spectrometry  

IWULA Integrated Water Use License Application 

ISP Internal Strategic Perspective 

K Hydraulic Conductivity (m/d) 

KPS Kelvin Power Station 

l/s Litre per second 

LoM Life of Mine 

m3/d       Cubic meters per day 

MAE Mean Annual Evaporation OR Mean Absolute Error 

mamsl     Metres Above Mean Sea Level 

MAP Mean Annual Precipitation 

MAR Mean Annual Runoff 

mbgl            Metres Below Ground Level 

mcm Million Cubic Metres 

ME Mean Error 

meq/L Mili -equivalents per litre 

mg/l Milligrams per litre 

mm/a Millimetre per annum 

MPRDA Minerals and Petroleum Resources Development Act (Act 28 of 2002) 

n Porosity 

NAWL No Access to Water Level 

NGA National Groundwater Archive 

NGDB National Groundwater Database 
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NRMSD Normalised Root Mean Square Deviation 

NWA National Water Act (Act 36 of 1998) 

REV Representative Elementary Value 

RMSE Root Mean Square Error 

S Storage coefficient 

SANAS South African National Accreditation System 

SANS South African National Standards 

Sc Specific Storage 

SoW Scope of Work 

SRTM Shuttle Radar Topography Mission 

T Transmissivity (m2/d)  

TDS Total Dissolved Solids 

UNESCO The United Nations Educational, Scientific and Cultural Organisation 

USGS United States Geological Survey 

WGS World Geodetic System 

WM With Mitigation 

WOM Without Mitigation 

WRC Water Research Commission 

WUL Water Use Licence 
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1. INTRODUCTION 

1.1. Project background 

Gradient Consulting (Pty) Ltd was appointed by Environmental Impact Management Services (Pty) Ltd (hereafter 

referred to as EIMS) to conduct a hydrogeological baseline investigation and groundwater impact assessment 

to support a Water Use Licence (WUL) amendment application process to be followed. Kelvin Power Station has 

an Environmental Management Plan (EMP) in terms of NEMA Section 28, dated 2009 and plans to update the 

EMP and align its operation activities with legislative requirements.  

Kelvin Power Station has two separate power stations: A-station (currently in the process of being 

decommissioned and demolished ς subject to receipt of the relevant environmental authorisation) and B-station 

όŎǳǊǊŜƴǘƭȅ ƻǇŜǊŀǘƛƻƴŀƭύΦ Ψ.Ω {ǘŀǘƛƻƴ Ƙŀǎ ŀƴ ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅ ƻŦ пнл a² ŎƻƳǇǊƛǎƛƴƎ ǎŜǾŜƴ сл a² ǘǳǊōƻ-

alternators and seven 250 tons/hr boilers (four Babcock and Wilcox and three Mitchell-made boiler units). The 

steam conditions at the turbine stop valve are 482°C and 62 bar. The first unit on the AςStation was 

commissioned and went commercial on the 27th of March 1957. The power station makes use of coal and water 

for the generation of electricity (ENVASS, 2025).  

The investigation will focus on the status quo of the regional groundwater system and quantify and qualify 

potential impacts from the power generation operation on sensitive environmental receptors. This report 

summarises the main conclusions and recommendations derived from the study. 

1.2. Objectives 

The objective of this investigation is to: 

i. Establish site baseline and background conditions and identify sensitive environmental receptors.  

ii. Determine the current status quo of the regional groundwater system including aquifer classification, 

aquifer  

iii. Development of a numerical groundwater flow and pollution plume migration model. 

iv. Hydrogeological impact assessment and risk matrix. 

v. Recommendations on best practise mitigation and management measures to be implemented. 

vi. Compilation of an integrated groundwater monitoring network and protocol. 

1.3. Terms of reference 

The investigation is based on the terms of reference and scope of work (SoW) as detailed in proposal  

ref.no. HG-P-24-046-V1, submitted in November 2024. This project plan and scope of work was compiled based 

on the following guidelines and regulations: 

i. Government Notice NO. R. 267: Regulations regarding the procedural requirements for water use 

licence applications.  

ii. Government Gazette No. 40713, dated 24 March 2017 and Government Gazette No. 40772 dated 07 
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April 2017 in terms of the National Environmental Management Act, 1998 (Act No. 107 of 1998) 

(NEMA). 

iii. Best Practice Guidelines (G4 ς Impact Prediction) as published by the former Department of Water 

Affairs and Sanitation (DWS, 2004).  

1.3.1. Phase A: Desk study and gap analysis 

Phase A will entail the following activities: 

i. Information gathering and data acquisition.   

ii. Desk study and review of historical groundwater baseline information, existing specialist reports as well 

as DWS supported groundwater databases i.e. national groundwater archive (NGA). 

iii. Fatal flaw and gap analysis. 

1.3.2. Phase B: Hydrogeological baseline assessment - hydrocensus user survey, hydrochemical analysis and 
aquifer classification 

Phase B will entail the following activities: 

i. Hydrocensus user survey to evaluate and verify existing surface and groundwater uses, local and 

neighbouring borehole locations and depths, spring localities and seepage zones, regional water levels, 

abstraction volumes, groundwater application as well as environmental receptors in the vicinity of the 

associated infrastructure footprints. 

ii. Sampling of existing boreholes and surface water bodies according to best practise guidelines and 

analyses of sixteen (16) water samples to determine the macro and micro inorganic chemistry and 

hydraulic connections based on hydrochemistry (analyses at SANAS accredited laboratory). 

iii. Assess the structural geology and geometry of the aquifer systems with respect to hydraulic 

interactions and compartmentalisation. 

iv. Data interpretation aiding in aquifer classification, delineation and vulnerability ratings. Development 

of a scientifically defendable hydrogeological baseline. 

v. Compilation of geological, hydrogeological and hydrochemical thematic maps summarising the aquifer 

system(s), indicating aquifer delineation, groundwater piezometric map, depth to groundwater, 

groundwater flow directions as well as regional geology. 

1.3.3. Phase C: Development of a numerical groundwater flow and mass transport model 

Phase C will entail the following activities: 

i. Development of a conceptual hydrogeological model in conjunction with interpreted geology data and 

gathered site characterisation information. 

ii. Development of a regional numerical groundwater flow model by applying the Finite Element Flow 

(FEFLOW) modelling software. Model domain to include existing and proposed infrastructure footprints 
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as well as associated activities. 

iii. Calibration of groundwater flow model using site specific data including hydrocensus geosites 

information. 

iv. Development of a numerical mass transport model utilizing the calibrated groundwater flow model as 

basis. 

v. ¢ƘŜ ŎŀƭƛōǊŀǘŜŘ ƳƻŘŜƭ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ǎƛƳǳƭŀǘŜ ƳŀƴŀƎŜƳŜƴǘ ǎŎŜƴŀǊƛƻΩǎ ŀǎ ŦƻƭƭƻǿǎΥ 

a. Steady state groundwater flow directions, hydraulic gradient and flow velocities. 

b. Potential water level drawdown and groundwater zone of depression created from abstraction 

activities. 

c. Seepage potential from wastewater facilities and mass transport plume migration with time. 

d. Water management alternatives and best practice mitigation measures. 

1.3.4. Phase D: Hydrogeological impact assessment and reporting 

Phase D will entail the following activities: 

i. Compilation of a detailed hydrogeological specialist investigation report with conclusions and 

recommendations on the following aspects: 

a. Fatal flaw and gap analyses. 

b. Site baseline characterisation. 

c. Aquifer classification and vulnerability. 

d. Field work summary, aquifer characterisation and data interpretation. 

e. Numerical groundwater flow and pollution plume migration model. 

f. Formulation of an impact assessment and risk matrix of proposed activities. 

g. Recommendation of best practice mitigation and management measures to be implemented. 

1.4. Details and expertise of the author 

The details of the author(s) who prepared this report are summarised in Table 1-1 below. The specialist 

Curriculum Vitae is included as Appendix C. 

Table 1-1  Details of the authors. 

Author Ferdinand Mostert 

Highest qualification M.Sc. Hydrogeology 

Years' experience 17+ 
Professional 
registration 

SACNASP Member (Reg. No 40057/14 ς Water Resource Science). 

Member of the Groundwater Division of the Geological Society of South Africa (MGSSA). 
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1.5. Available information 

The following information was available and used in this investigation: 

i. Aquatico, 2024. Kelvin Power Station Quarterly Water Quality Report December 2024. Report Number: 

KPS/QWR4/2024/PWB. 

ii. Aquiworx software. 2016. Version 2.5.2.0. Centre for Water Sciences and Management at the North-

West University. 

iii. Barnard, H. C., 2000. An explanation of the 1:500 000 Hydrogeological Map. Johannesburg 2526. 

iv. Chief Directorate. Surveys and Mapping. 2003. Cape Town, 2628AA and 2628AB [Map]. Edition 9. Scale 

1:50,000. Mowbray, South Africa: Chief Directorate of Surveys and Mapping. 

v. Council of Geoscience geological map sheet 2628: Johannesburg (1:250 000). 

vi. Department of Water Affairs: Directorate Hydrological Services, 2012. Aquifer classification of South 

Africa. 

vii. Department of Water Affairs: Directorate Hydrological Services, 2012. Aquifer susceptibility of South 

Africa. 

viii. Department of Water Affairs: Directorate Hydrological Services, 2012. Aquifer vulnerability of South 

Africa. 

ix. Department of Water Affairs and Forestry, South Africa. 2004. Internal Strategic Perspective: Crocodile 

West Marico Water Management Area. Prepared by Golder Associates (Pty) Ltd on behalf of the 

Directorate National Water Resources Planning. Report no. P WMA 03/000/00/0303. 

x. ESRI basemaps, 2025. 

xi. Google Earth, 2025. 6.0.12032 Beta. 

xii. Groundwater Complete, 2025. Kelvin Power Station Report On Groundwater Monitoring Results For 

Quarter 4 Of 2024. 

xiii.  JR Vegter, DWS and WRC, 1995. Groundwater Resources of the Republic of South Africa. 

xiv. Lynch, S.D., Reynders, A.G. and Schulze, R.E., 1994: A DRASTIC approach to groundwater vulnerability 

mapping in South Africa. SA Jour. Sci., Vol. 93, pp 56 - 60. 

xv. Parsons, R, 1995. A South African Aquifer System Management Classification, Water Research 

Commission, WRC Report No KV 77/95. 

xvi. van Tonder and Xu, 2000. Program to estimate groundwater recharge and the Groundwater Reserve. 

xvii. Water Research Commission (WRC), 2012. Water Resources of South Africa. 

1.6. Project assumptions and limitations 

Data limitations were addressed by following a conservative approach and assumptions include the following:  

i. The scale of the investigation was set at 1:50 000 resolutions in terms of topographic and spatial data, 

a lower resolution of 1:250 000 scale for geological data and a 1: 500 000 scale resolution for 

hydrogeological information. 

ii. The Digital Elevation Model (DEM) data was interpolated with a USGS grid spacing of 25.0m intervals. 

iii. Rainfall data and other climatic data was sourced from the WR2012 database. 
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iv. Water management and catchment-based information was sourced from the GRDM and Aquiworx 

databases. 

v. The concept of representative elementary volumes (REV) has been applied i.e. a scale has been 

assumed so that heterogeneity within a system becomes negligible and thus can then be treated as a 

homogeneous system. The accuracy and scale of the assessment will result in deviations at point e.g. 

individual boreholes. 

vi. No site characterisation boreholes were drilled and/or tested as part of this investigation and aquifer 

parameters as well as hydrostratigraphic units were assumed based on similar groundwater 

environments and studies conducted. 

vii. The investigation relied on data collected as a snapshot of field surveys and existing data. Further trends 

should be verified by continued monitoring as set out in the monitoring program. 

viii. Stratigraphical units, as delineated from surface geology within the model domain, are assumed to 

occur throughout the entire thickness of the model and were incorporated as such. 

ix. The geological structures (fault zones and dyke contact zones) were modelled as permeable linear 

zones. 

x. Groundwater divides have been assumed to align with surface water divides and it is assumed that 

groundwater cannot flow across this type of boundaries. 

xi. Where data was absent or insufficient, values were assumed based on literature studies and referenced 

accordingly1. 

  

 
1 Where model assumptions were made or reference values used, a conservative approach was followed. Data gaps identified should be 
addressed as part of the model update. 
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2. METHODOLOGY 

The groundwater impact assessment was undertaken by applying the methodologies as summarised below. 

2.1. Desk study and review 

This task entails the review of available geological and hydrogeological information including DWS supported 

groundwater databases (NGA/ Aquiworx), existing specialist reports, mine plans as well as climatic and other 

relevant groundwater data. Data collected was used to delineate various aquifer and hydrostratigraphic units, 

establish the vulnerability of local aquifers, aquifer classification as well as aquifer susceptibility. 

2.2. Evaluation of potential environmental receptors 

A hydrocensus user survey was conducted in July 2025 in which high-risk environmental receptors have been 

identified. The hydrocensus user survey evaluated and verified existing surface and groundwater uses, local and 

neighbouring borehole locations and depths, spring localities and seepage zones, regional water levels, 

abstraction volumes, groundwater application as well as environmental receptors in the vicinity of the proposed 

mining development. 

2.3. Hydrochemical analysis 

Water samples collected were submitted at a SANAS accredited laboratory to determine the macro and micro 

inorganic chemistry and potential hydraulic connections present. SANS 241:2015 Drinking Water Standards was 

applied and used a guideline for all water quality analysis. 

2.4. Formulation of a conceptual hydrogeological model 

The hydrogeological conceptual model consists of a set of assumptions, which will aid in reducing the problem 

statement to a simplified and acceptable version. Data gathered during the desk study and site investigation has 

been incorporated to develop a conceptual understanding of the regional hydrogeological system. 

2.5. Development of a numerical groundwater flow and mass transport model  

A numerical groundwater flow and mass transport model was developed based on the defined groundwater 

conceptual model including gathered site characterisation information. The latter will serve as a tool to evaluate 

various water management options and different scenarios will be applied to quantify and qualify potential 

groundwater impacts. 

2.6. Groundwater impact assessment 

Identification of preliminary and potential impacts and ratings related to new developments and/or listed 

activities are defined based on outcomes of the investigation. An impact can be defined as any change in the 

physical-chemical, biological, cultural and/or socio-economic environmental system that can be attributed to 

human and/or other related activities. Risk assessment involves the calculation of the magnitude of potential 

consequences (levels of impacts) and the likelihood (levels of probability) of these consequences to occur. 

Mitigation measures were recommended in order to lessen the significance of impacts identified. 
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3. LEGAL FRAMEWORK AND REGULATORY REQUIREMENTS  

The following water management legislation should be adhered to: 

3.1. The National Water Act (Act 36 of 1998) as amended 

The purpose of the National Water Act, 36 ƻŦ мффу όάb²!έύ ŀǎ ǎŜǘ ƻǳǘ ƛƴ {ŜŎǘƛƻƴ нΣ ƛǎ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 

water resources are protected, used, developed, conserved, managed, and controlled, in a way which inter alia 

considers the reduction, prevention and degradation of water resources. The NWA states in Section 3 that the 

bŀǘƛƻƴŀƭ DƻǾŜǊƴƳŜƴǘ ƛǎ ǘƘŜ ǇǳōƭƛŎ ǘǊǳǎǘŜŜ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ bŀǘƛƻƴŀƭ DƻǾŜǊƴƳŜƴǘ Ƴǳǎǘ 

ensure that water is protected, used, developed, conserved, managed and controlled in a sustainable and 

equitable manner for the benefit of all persons and in accordance with its constitutional mandate. Section 22 of 

the NWA states that a person may only use water without a license if such water use is: permissible under 

Schedule 1, if that water use constitutes as a continuation of an existing lawful water use, or if that water use is 

permissible in terms of a general authorization issued under Section 39. Permissible water use furthermore 

includes water use authorised by a license issued in terms of the NWA or alternatively without a license if the 

responsible authority dispensed with a license requirement under subsection 3. Kelvin Power (Pty) Ltd operates 

under an approved water use license (WUL) (Reference Number: 03/A21C/FGH/1110) which was issued on  

24 June 2011 and is valid for a period of fifteen (15). Section 21 of the National Water Act indicates that water 

use includes the following: 

a. taking water from a water resource (section 21(a)); 

b. storing water (section 21(b)); 

c. impeding or diverting the flow of water in a water course (section 21(c)); 

d. engaging in a stream flow reduction activity contemplated in section 3649 (section 21(d)); 

e. engaging in a controlled activity which has either been declared as such or is identified in section 

37(1)50 (section 21(e)); 

f. discharging waste or water containing waste into a water resource through a pipe, canal, sewer, sea 

outfall or other conduit (section 21(f)); 

g. disposing of waste in a manner which may detrimentally impact on a water resource (section 21(g); 

h. disposing in any manner of water which contains waste from, or which has heated in, any industrial or 

power generation process (section 21 (h)); 

i. altering the bed, banks, course or characteristics of a water course (section 21(i)); 

j. removing, discharging or disposing of water found underground if it is necessary for the efficient 

continuation of an activity or for the safety of people (section 21(j)); and  

k. using water for recreational purposes (section 21(k)). 
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3.2. National Environmental Management Act (Act 107 of 1998) as amended 

The National Environmental Management Act 107 of 1998 intends: 

i. to provide for co-operative, environmental governance by establishing principles for decision-making 

on matters affecting the environment, institutions that will promote co-operative governance and 

procedures for co-ordinating environmental functions exercised by organs of state; and 

ii. to provide for matters connected therewith. 

3.3. Mineral and Petroleum Resources Development Act (Act 28 of 2002) 

The establishment, reclamation, expansion or decommissioning of residue stockpiles or residue deposits must 

be authorised in terms of the Mineral and Petroleum Resources Development Act (MPRDA) (Act 28 of 2002). 

Section 42 of the MPRDA states that: 

i. Residue stockpiles and residue deposits must be managed in the prescribed manner on any site 

demarcated for that purpose in the environmental management plan or environmental management 

programme in question. 

ii. No person may temporarily or permanently deposit any residue stockpile or residue deposit on any site 

other than on a site contemplated in subsection. 

3.4. National Environmental Management: Waste Act (Act 59 of 2008) 

Furthermore, the establishment, reclamation, expansion or decommissioning of residue stockpiles or residue 

deposits must also be authorised through a waste management licence issued in terms of the National 

Environmental Management Waste Act 59 of 2008. 

The classification and definitions herein considered the following documents2: 

i. Government Notice 635, National Environmental Management: Waste Act 59 of 2008: National Norms 

and Standards for the Assessment of Waste for Landfill Disposal (hereafter referred to as GNR 635). 

ii. Government Notice 636, National Environmental Management: Waste Act 59 of 2008: National Norms 

and Standards for Disposal of Waste to Landfill (hereafter referred to as GNR 636). 

It should be noted that Government Notice GN 990 published in September 2018 serve to amend the regulations 

regarding the planning and management of residue stockpiles and residue deposits (2015). The main aim is to 

allow for the pollution control measures required for residue stockpiles and residue deposits, to be determined 

on a case-by-case basis, based on a risk analysis conducted by a competent person. Accordingly, a risk analysis 

must be conducted to determine the pollution control measures suitable for a specific residue stockpile or 

residue deposit as part of an application for a waste management licence.  

 

2 It should be noted that, although a pollution control barrier system designed in terms of the National Norms and Standards for the 

Assessment of Waste for Landfill Disposal (GN R635 and the National Norms and Standards for the Disposal of Waste to Landfill (GN R636) 
is no longer applicable and/or enforceable, the Total Concentration (TC) and Leachable Concentration (LC) thresholds as stipulated in 
GNR635 standards are still applied as part of the waste assessment because guidelines and limits are based on Environmental Protection 
Agency (EPA) of the Australian State of Victoria and still bears reference. 
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4. STUDY AREA AND LISTED ACTIVITIES 

4.1. Regional setting and site locality 

Kelvin Power Station falls within the Ekurhuleni Metropolitan Municipality, Gauteng Province, South Africa. The 

existing development is situated approximately 4.0km southwest of Kempton Park and approximately 8.0km 

northwest of Benoni covering a total footprint of ~149.0ha .  

The site is accessible via secondary route R25 situated to the northwest. General site coordinates are listed in 

Table 4-1 and a map indicating an aerial extent of the greater study area is indicated in Figure 5-1 with the 

project boundary and topo-cadastral map depicted in Figure 5-2.  

Table 4-1  General site coordinates (Coordinate System: Geographic,  Datum: WGS84). 

Latitude 26° 6'56.29"S 

Longitude 28°11'42.24" 

4.2.  Project description and existing infrastructure 

Kelvin Power comprises of two stations; Station A and Station B. Coal is burnt inside the boiler to produce super-

heated steam (SHS). The SHS is transported via pipes to the turbines. Here, the SHS drives the blades of the 

turbine, spinning the rotor at high speed (mechanical energy). The rotor then turns the generator, which 

generates electricity. The slurry (containing fine and coarse ash) from the burnt coal is hydraulically routed to 

Ash Dam A for deposition.  

For steam production in the boilers, demineralised water is added as make-up water to recycled condensate. 

The steam is condensed by cooling it with water circulated through the hyperbolic cooling towers. Kelvin 

receives approximately 3 681 m3/d of water from Rand Water and about 13 955 m3/d of treated effluent. 

Station A operations ceased, and this station is currently under extended care and maintenance. Station A has 

an installed capacity of 180 megawatts comprising six (6) turbo-alternators of 30 megawatts each and 11 boilers 

which consume approximately 85 tonnes of coal per hour. The furnaces at this station are chain grate types as 

opposed to the pulverised fuel type in Station B. 

Station A, which utilised a larger coal fraction for heat generation, produced coarse ash, most of which was 

previously discarded on an open dumping area to the west of the power station (Golder, 2021). The power 

station makes use of coal and water for the generation of electricity. Relatively small quantities of chemicals are 

also utilised for the treatment of water for the boilers in the demineralisation plant. 

Kelvin consumes approximately 1.5 million tonnes of coal per annum, which is transported by road to Kelvin 

from various mines in the Mpumalanga Province. Station B uses 0.85 to 1.0 million tonnes per annum. These 

quantities will increase in proportion to production rate. 

Kelvin receives water from the Rand Water Board (RWB) and treated effluent from the Northern Wastewater 

Treatment Works (NWTW) which is situated in Diepsloot. Roughly 15 000 m3/d of water from NWTW is utilised 

at the Kelvin Power Station. 
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Station B has an installed capacity of 420 megawatts comprising seven (7) turbo-alternators of 60 megawatts 

each, and seven (7) boilers, which consume 250 tonnes of coal per hour. The steam is delivered at 62 bar and 

482°C. The station turbo-alternators are not operated at full capacity to safeguard against failure (Golder, 2021). 

The turbine shaft is coupled to the alternator rotor, rotating at 3 000 revolutions per minute. This large electro-

magnet produces electricity by inducing voltage, which causes current to flow in the alternator stator. The 

electricity is transformed up to the grid voltage by the generator transformer and supplied to the grid via the 

switch yard. 

For steam production in the boilers, demineralised water is added as make-up water to recycled condensate. 

The steam is condensed by cooling it with water circulated through the hyperbolic cooling towers (five towers 

for Station B) to the south of the power station buildings. 

Station B uses a pulverised fine-coal fraction for heat generation, which results in a fine ash by-product. 

Previously, all the ash was pumped in slurry form to Ash Dam A. Presently, approximately 10% of the ash is being 

collected by a cement manufacturer as raw material, thereby facilitating waste minimisation (both in terms of 

ŀǎƘ ŀƴŘ ǿŀǘŜǊ ǳǎŜύ ŀǘ ǘƘŜ ǇƻǿŜǊ ǎǘŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘƛǎ ǇǊŀŎǘƛŎŜ ƛǎ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƭƛŦŜ ƻŦ ǘƘŜ !ǎƘ 5ŀƳΩǎ 

operational phase. The remainder of the ash is still slurried and disposed of on Ash Dam A. 

The final waste product from Kelvin is in the form of a wastewater effluent, consisting of cooling tower blow-

down, effluent from miscellaneous cooling water uses, ash-quenching effluent and washings. These effluents 

are discharged to the Modderfonteinspruit after de-siltation. Refer to Figure 5-3 for a simplified layout map of 

the above-mentioned processes (ENVASS, 2025). 

 

5. PHYSIOGRAPHY 

The following sub-sections evaluate the physiography of the greater study area.  

5.1. Topography 

The topography of the greater study area are characteristically an undulating highveld plateau with gentle rises 

and dips. The relief of the area varies between 0.0 ς 130.0m towards the eastern segment and between 30.0 ς 

210.0m towards the western perimeter. The landscape gradually flattens out towards the lower laying drainage 

system towards the northwest (approximate elevation low of 1430.0mamsl), while the southern and 

southwestern perimeters are shaped by ridges also forming the catchment water divide (approximate elevation 

high of 1787.0mamsl). The lowest topographical elevation on-site is recorded as 1620.0mamsl which is situated 

towards the western perimeter forming part of the local drainage system while the highest topographical point 

recorded on site is approximately 1671.0mamsl towards the east. Due to the presence of artificial ash dumps, 

on-site gradients are highly variable, especially towards the southwestern zone of the study area, however the 

gradient are generally moderate to gentle. The average slope is calculated at ~3.0% with an elevation loss of 

approximately 74.0m over a lateral distance of 2.0km in a general northwestern orientation. Figure 5-4 depicts 

a topographical cross-section (east-west aspect) of the greater study area while Figure 5-5 shows the regional 

topographical contours and setting. 
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Figure 5-1 Aerial extent and greater study area. 
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Figure 5-2 Greater study area (1:50 000 topographical mapsheet 2628AA and 2628AB). 
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Figure 5-3 General site layout and infrastructrure map.
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Figure 5-4 Topographical cross-sections of the greater project area. 

 

 

 

!Ω A 
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Figure 5-5 Regional topography and conceptual slice. 
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5.2. Drainage and catchment 

The greater study is situated in primary catchment (A) of the Crocodile and Juksei River drainage systems which 

covers a total area of approximately 48 000km2. The resource management falls under the Limpopo Water 

Management Area (WMA3)(previously Crocodile (West) and Marico WMA3) which spans portions of the North 

West Province, northern Gauteng as well as Limpopo Province. 

 The study area is situated within quaternary catchment A21C (761.0km2) which falls within hydrological zone F 

and the estimated mean annual runoff (MAR)  being 49.0mm (WR 2012, Aquiworx 2016). The hydrology of the 

region is characterised by predominately perennial watercourses with the main rivers draining the greater study 

area in a general north-westerly direction being the Jukskei River. 

Locally a tributary of the Jukskei River, Modderfonteinspruit, flows just west of the project area forming a 

confluence with the Jukskei River approximately  11.0km northwest of the site as depicted in Figure 5-6. Various 

dams i.e. Modderfontein dam 01 ς dam 04  as well as associated wetland system can be observed towards the 

northwest of the study area. It will be imperative to include this wetland system as a sensitive receptor for 

potential contamination originating from related activities. Table 5-1provides a summary of relevant 

climatological and hydrogeological information for the relevant quaternary catchments.  

Table 5-1  Quaternary catchment information. 

Attribute  Quaternary catchment A21C 

Water Management Area (WMA) Limpopo 

Primary catchment A 

Secondary catchment A2 

Tertiary catchment A21 

Quaternary catchment A21C 

Major rivers Jukskei, Krokodil 

Hydro-zone F 

Rainfall zone A2B 

Area (km2) 761.0 

Mean annual rainfall (mm) 682.2 

Mean annual evaporation (mm)   1700.0 

Mean annual runoff (mm) 49.0 

Baseflow (mm) 20.3 

Population   545 170.0 

Total groundwater use (l/s) 45.3 

Present Eco Status Category Category C 

Recharge (mm) 50.0 - 75.0 

Average water level (mbgl) 15.0 

Soil type  LmSa   - SaLm    20 SaClLm -         70 

Groundwater General Authorization 0 m3/ha/a 

Note: Catchment based information sourced from Aquiworx 2016  

 

 
3 It should be noted that the Department of Water Affairs (DWA), now the Department of Water and Sanitation (DWS), replaced the original 

19 WMAs established in 2004 by 9 new WMAs as defined in Government Gazette No. 35517, July 2012. This resulted in the grouping of the 
Crocodile (West) and Marico and Limpopo WMAs into the single Limpopo WMA. 
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Figure 5-6 Quaternary catchments and water management area. 
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5.2.1. Climate 

According to the Koppen-Geiger climate classification system, the climate of the study area is classified as Cwb 

(Climate Change & Infectious Diseases Group, 2023). This classification indicates that the study area has a warm, 

semi-arid climate characterized by cold, dry winters and warm summers. The average temperature in the study 

area ranges between 4.0 °C in the winter (July) and 26.0 °C in the summer (January). Refer to Figure 5-7 for the 

Mean Yearly Temperature and rainfall distribution of the greater study area. 

Figure 5-7 Mean Yearly Temperature and rainfall distribution of the greater study area, 1992 ς 2021 (Climate-

Data, 2021). 

 

¢ƘŜ ǎǘǳŘȅ ŀǊŜŀΩǎ ǿŜŀǘƘŜǊ ǇŀǘǘŜǊƴ ǊŜŦƭŜŎǘǎ ŀ ǘȅǇƛŎŀƭ ǎǳƳƳŜǊ ǊŀƛƴŦŀƭƭ ǊŜƎƛƻƴΣ ǿƛǘh > 85% of precipitation occurring 

as high-intensity thunderstorms from October to March. Patched rainfall and evaporation data were sourced 

from the WR2012 database (Rainfall zone A2B) and span a period of some 90 years (1920 ς 2009). Time-series 

rainfall data tables are listed in Appendix A. 

The calculated mean annual precipitation (MAP) for this rainfall zone is 675.69mm/a, with the 5th percentile of 

the data set (roughly equivalent to a 1:20 year drought period) calculated at 467.09mm/a and the  

95th percentile (representing a 1:20 flood period) 939.30mm/a. The highest MAP for the 90 years of rainfall data 

was recorded as of 1034.40mm (1996) while the lowest MAP of 409.50mm was recorded during 1991. The 

catchment area is categorised under evaporation zone 3A which has a mean annual evaporation  

(s-pan) ranging between 1700mm/a, more than double the annual precipitation (WRC, 2016). Figure 5-8 depicts 

a bar chart of the monthly rainfall patterns of the greater study area while Figure 5-9 indicate the yearly rainfall 

distributions. Figure 5-10 shows a comparison graph of the monthly precipitation vs monthly evaporation 

figures. 
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Figure 5-8 Monthly Precipitation Distribution, 1920 ς 2009 (WRC, 2016). 

 

Figure 5-9 Yearly Precipitation Distribution, 1920 ς 2009 (WRC, 2016). 
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Figure 5-10 Comparison of monthly precipitation vs monthly evaporation (WRC, 2016). 
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5.3. Geological setting 

The following sections summarises the regional and local geology. 

5.3.1. Regional geology 

According to the Council for Geoscience (CGS) 1:250 000 geological maps (Geological Map Sheet 2628 

Johannesburg the surficial geology of the study area comprises of felsic, intermediate rocks of the Halfway House 

Dome situated on the central Kaapvaal Craton formed through a series of magmatic events during the 

mid-Archaean age.  

The Ventersdorp Supergroup comprising of mafic and ultramafic volcanic rocks of the Klipriviersberg Group 

striking in a southwest northeast direction and dipping at approximately 50° in a southeastern orientation occurs 

just southwest of the project area. Following the Ventersdorp Group are siliciclastic rocks of the West Rand 

Group (Hospital Hill, Jeppestown as well as Government Subgroups) of the Witwatersrand Supergroup which 

also dips approximately 45° in a general south to southwestern orientation. 

The Dwyka Group of the Karoo Supergroup  flanks the West Rand Group towards the eastern perimeter of the 

greater study area while carbonate rocks of the  Malmani Subgroup (Chuniespoort Group) occur towards the 

north and northeast. 

5.3.2. Structural geology 

The Karoo Basin, situated toward the east of the project area,  is characterised by a vast network of post-Karoo 

intrusive dolerite (Jd) sills and dykes that rapidly intruded at 183.0 to 182.3Ma (Svensen et al., 2012). Such 

dolerite dykes associated with the Karoo Dolerite Suite occur toward the south and southeast of the study area 

which may be relatively thin, usually not wider than 5.0m while sills may be as thick as 100.0m. Structural 

analysis indicate the presence of various SW-NE as well as N-S trending fault zones traversing the greater study 

area. The latter may have an impact on the local hydrogeological regime as it can serve as potential mechanisms 

and preferred pathways for groundwater flow and contaminant transport. 

5.3.3. Soils 

Soils in the study area were identified using GIS data obtained from WR2012 (WRC, 2016). The data indicates 

that soils toward the western zone of the study area is classified as Sandy-Loam to Sandy-Clay-Loam (SaLm-

SaClLm) while the eastern segment is classified as Sandy-Clay-Loam (SaClLm). 
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Figure 5-11 Regional geology and stratigraphy (Geological map sheet 2628: Johannesburg (1:250 000 scale).




































































































































































































































