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1 INTRODUCTION 

Environmental Impact Management Services (Pty) Ltd, hereafter referred to as EIMS, were appointed by Kelvin 

Power (Pty) Ltd, hereafter referred to as the Holder or Applicant, to apply for the renewal of their existing Water 

Use License (WUL), Reference Number: 03/A21C/FGH/1110) issued on 24 June 2011. Section 5: License and 

Review Period, 5.1 of the license, indicate that the license is valid for a period of 15 years from the date of 

issuance. Therefore, the Holder need to apply for a renewal of the license if they want to continue with the 

water uses after 24 June 2026, when the license will lapse. This Integrated Water and Waste Management Plan 

(IWWMP) is compiled in support of the application for renewal of existing water uses and the addition of two 

existing water uses that have not been included in the current license. 

Condition 10.2, Appendix II of the WUL ǎǘŀǘŜǎΥ ά¢ƘŜ L²²at ŀƴŘ w{Lt (attached as Appendix 4) shall thereafter 

ōŜ ǳǇŘŀǘŜŘ ŀƴŘ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ wŜƎƛƻƴŀƭ IŜŀŘ ŦƻǊ ŀǇǇǊƻǾŀƭΣ ŀƴƴǳŀƭƭȅέΦ This IWWMP is, therefore, also 

compiled to update the 2024 IWWMP and is based on the 2024 IWWMP annual update. 

1.1 ACTIVITY BACKGROUND 

Kelvin Power Station is a coal-fired power station, located in the Gauteng province near O.R. Tambo International 

Airport in South Africa. Kelvin Power is one of only a few power stations in South Africa not owned by the 

national energy producer, Eskom. Kelvin Power supplies between 10% and 15% of the power needs of the City 

of Johannesburg. Kelvin comprises of two stations; Station A and Station B. Station A is under decommissioning 

and a service provider duly appointed to follow the applicable closure notifications as per WUL requirements as 

well as the National Environmental Management Act No. 107 of 1998 prescripts. Station B is currently in 

operation. The power station makes use of coal and water for the generation of electricity. Station A (shut down 

in 2012) has six 30MW generators and 11 chain grate boilers. The newer B station has seven 60MW generators 

and seven PF type boilers. 

Coal is combusted 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, 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. Station A is in care and 

maintenance and is not operational. 

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. 



   

1693 IWWMP 2 

1.2 CONTACT DETAILS 

The addresses of the related sections, as well as contact information of the responsible persons in terms of 

water management are listed in Table 1 below: 

Table 1: Kelvin Power contact details. 

Business Unit Address Responsible 
Person 

Contact Details 

Management 

General 
Manager 

3 Zuurfontein 
Road 

Kempton Park 

1619 

Segotsane 
Hendrick (Oupa) 
Seota 

Email oupa.seota@kelvinpower.com 

Environmental Department 

Environmental 
Manager 

3 Zuurfontein 
Road 

Kempton Park 

1619 

Lavhelesani 
Nelwamondo 

Email lavhelesani.nelwamondo@kelvinpower.com  

1.3 REGIONAL SETTING AND LOCATION OF ACTIVITY 

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

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

northwest of Benoni covering a total footprint of ~149.0 ha . Kelvin Power is bordered by a residential area, 

Croyden to the south, Sebenza industrial area to the west and Spartan industrial area to the east. Kelvin Power 

is situated within the Modderfonteinspruit catchment, which forms part of the greater Jukskei and subsequently 

the Crocodile catchment. Kelvin Power Station is active on the farm Zuurbekom 33 IR. See Figure 1 for the 

location and Figure 5 for the layout and maps respectively, of Kelvin Power Station. 

1.4 PROPERTY DESCRIPTION 

The properties in respect of the WUL (03/A21C/FGH/1110) activities are associated with the farm Zuurfontein 

33 IR. Table 2 tabulates the facility, property descriptions, municipalities, and associated owner details as 

applicable to Section 21 water use activities in terms of the NWA. 

Table 2: Property details. 

Project Area Portions 87, 88 89, 90, 91, 96, 97, 98, 99, 100, 391 of the farm Zuurfontein 33 IR 

Magisterial District Gauteng Province 

Local Municipalities Ekurhuleni Metropolitan Council 

 

mailto:lavhelesani.nelwamondo@kelvinpower.com
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Figure 1: Locality map Kelvin Power Station
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1.5 PURPOSE OF THE IWWMP 

The objective of this IWWMP is not to merely compile all existing site knowledge from prior Environmental 

Authorisation (EA) processes or Environmental Management Programmes (EMPr) into a single manageable 

document. It also applies the principles of the hierarchy for Water Quality Management (WQM) and Resource 

Water Quality Objectives (RWQOs) to focus on management measures that impact either directly, or indirectly, 

on water resources. Objectives and action plans are set for the control of water (containing waste) and waste as 

sources of pollution which include, but not limited to, Stormwater Management Plans (SWMPs); Waste 

Management Plans (WMPs), audit schedules and monitoring programmes (Figure 2). 

 

Figure 2: IWWMP Flow Diagram (ENVASS, 2024). 

The hierarchy (Figure 3), makes use of precautionary principles and sets an order of priority for water and waste 

management decisions and actions. The summarised specific objectives of Kelvin Power with reference to the 

IWWMP would therefore be to ensure the:  

¶ Implementation of appropriate pollution and stormwater control; 

¶ Prevention measures; and 

¶ The efficient re-ǳǎŜ ŀƴŘ ǊŜŎŀǇǘǳǊŜ ƻŦ ΨŘƛǊǘȅΩ ǿŀǘŜǊ ƻƴ ǘƘŜ ǎƛǘŜΦ 
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Figure 3: Hierarchy of Water Quality Management (ENVASS, 2024). 

The plan also considers the water and waste management actions required through the entire Life of Activity 

(LoA) (incl. the post-closure and rehabilitation phase), whilst being dynamic enough to respond to changes in 

the receiving environment and available Best Practise Environmental Technology alternatives. This document is 

intended to be read in conjunction with the WUL and any new WUL applications as a legal requirement of the 

Department of Water and Sanitation (DWS) and binding document to which the licensee must comply, especially 

since the IWWMP forms part of the conditions specified in a WUL. 

As part of the IWWMP phase, a detailed analysis is conducted of water use and waste management on-site, 

construction and operational management, as well as monitoring and controls to be or already implemented. It 

also includes an assessment of the implementation of best practices on site. The most important component of 
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the IWWMP development process is the formulation of goals, objectives and strategies for water use and waste 

management. The IWWMP addresses key areas related to development namely process water, stormwater, 

groundwater, surface water and waste. The implementation of the IWWMP is an interactive process whereas 

its performance is to be monitored on an annual basis to ensure that the concept of continual improvement is 

applied throughout the lifecycle of Kelvin Power.  

The assessment of the IWWMP thus includes: 

¶ The assessment of the document itself, as well as the submission of information relating to monitoring 

and auditing conducted in terms of the IWWMP which could lead to the identification of shortcomings 

and must be addressed as part of the IWWMP and action plan.  

As part of the IWWMP process, the various roles and responsibilities of the different role players need to be 

identified, understood, and respected. The role of DWS is not to identify and select the water and waste 

management measures for implementation by a water user, however, is the responsibility of the water user to 

ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ǘƘŜ ǎŜƭŜŎǘŜŘ ƳŀƴŀƎŜƳŜƴǘ ƳŜŀǎǳǊŜǎ ƛƴ ǘƘŜ L²²at ŀŎǘƛƻƴ Ǉƭŀƴ ŀŘƘŜǊŜ ǘƻ ǘƘŜ ά{a!w¢έ 

concept i.e.: 

S = Sustainable; 

M = Measurable; 

A = Achievable; 

R = Resource allocated; and 

T = Timeframe specific. 

The overall objective of the IWWMP is thus summarised as: 

¶ /ƻƳǇƛƭŀǘƛƻƴ ƻŦ ŀƴ ŀƴƴǳŀƭ L²²at ǳǇŘŀǘŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ YŜƭǾƛƴ tƻǿŜǊǎΩ ǇǊƻŘǳŎǘƛƻƴ 

processes against the WUL conditions; 

¶ Provision of a management plan to guide a water user regarding the water and waste related measures 

which must be implemented on site in a progressive, structured manner in the short, medium and long 

term; and 

¶ To formulate measures, compile strategies and an action plan to address the identified matters of 

concern.
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2 CONTEXTUALISATION OF THE ACTIVITY 

¢Ƙƛǎ ŎƘŀǇǘŜǊ ǇǊƻǾƛŘŜǎ ŀ ŘŜǘŀƛƭŜŘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ YŜƭǾƛƴ tƻǿŜǊ {ǘŀǘƛƻƴǎΩ ƻǇŜǊŀǘƛƻƴΣ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǇǊƻŘǳŎǘǎΦ ¢ƘŜ 

purpose of this section is to provide an understanding of the activities that may have an impact on the 

surrounding environment and the mitigation measures, monitoring and action plans proposed to be 

implemented to mitigate potential negative impacts. Kelvin Power consists of two (2) individual power stations, 

Station A and Station B: 

¶ Station A ς currently being demolished; and 

¶ Station B ς currently operating below its installed capacity. 

2.1 DESCRIPTION OF ACTIVITY 

 STATION A 

Station A operations ceased, and this station is currently being demolished. Station A used to have 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 were 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). 

 STATION B 

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. 

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 to the south 

(five towers for Station B) 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 
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are discharged to the Modderfonteinspruit after de-siltation. Figure 4 provides a simplified, visual schematic of 

the above-mentioned processes. 

 

Figure 4: Simplified process schematic (Golder, 2021). 

2.2 EXTENT OF ACTIVITY 

The Kelvin Power Station comprises of an area with an extent of roughly 160 ha. 

2.3 KEY ACTIVITY RELATED PRODUCTS AND PROCESSES 

The key water and waste processes are the use of coal and water to generate electricity which is sold to City 

Power for use in the National Grid (Eskom). Coal is hauled in by road and stored in stockpiles. This coal is then 

burned to generate steam which is used to turn the turbines that generate electricity. 

Ash is produced as a by-product or waste, some of which is sold to companies that are able to utilise it as a raw 

material. The coarse ash is best equipped for the use in brick manufacturing while cement manufacturing 

companies prefer the fine ash. 

2.4 ACTIVITY LIFE DESCRIPTION 

YŜƭǾƛƴ tƻǿŜǊΩǎ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƭƛŎŜƴǎŜ ǿƛƭƭ ŜȄǇƛǊŜ ƛƴ нлнс ŀƴŘ ǿƛƭƭ ōŜ ǊŜƴŜǿŜŘ ŦƻǊ ŀƴƻǘƘŜǊ ǘƘǊŜŜ όоύ ȅŜŀǊǎ 

ǘƘŜǊŜŀŦǘŜǊΦ Lǘ ƛǎ ŀŦǘŜǊ ǘƘƛǎ ǘƘŀǘ YŜƭǾƛƴ tƻǿŜǊǎΩ {ǘŀǘƛƻƴ . ǿƛƭƭ ŘŜƳƻƭƛǎƘŜŘΣ ŀƴŘ ǘƘŜ ŀǊŜŀ ǊŜƘŀōƛƭƛǘŀǘŜŘΦ 

2.5 ACTIVITY INFRASTRUCTURE DESCRIPTION 

The infrastructure associated with Kelvin Power are depicted in Figure 5. Station A and associated 3 cooling 

towers are currently under extended care and maintenance (to be demolished in the near future). The 

infrastructure associated with station B of Kelvin Power includes the following: 

¶ Station B with 5 cooling towers; 

¶ High Voltage (HV) Yard (88 kV switchyard) ς which belongs to City Power who also operates the HV Yard; 

¶ Offices, mill store, change house, administration buildings and workshop which draws water from the 

RWB line; 
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¶ Dry coal stores A and B. These coal stores are covered; 

¶ Coal stockpiles which are open to the environment; 

¶ Railway and siding for coal transport (no longer in use); 

¶ Weighbridge for trucks; 

¶ Haul roads and access roads; 

¶ De-silting Dam; 

¶ Two Ash Dams, Ash Dam A and Ash Dam B; 

¶ An Ash Return Water Dam (ARWD) near Ash Dam B; 

¶ Pump station near the ARWD; 

¶ Reservoir which is supplied by RWB; 

¶ Pump station for the RWB reservoir; and 

¶ hǾŜǊƘŜŀŘ ǘŀƴƪ όǇǊƻǾƛŘƛƴƎ ǇǊŜǎǎǳǊŜύ ŦǊƻƳ w². ǿŀǘŜǊ ƭƛƴŜΦ 
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Figure 5: Kelvin Power infrastructure map.
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2.6 KEY WATER USES AND WASTE STREAMS 

 AUTHORISED WATER USES TO BE RENEWED AND NEW WATER USES 

As per the WUL (03/A21C/FGH/1110) issued on 24 June 2021, the authorised water uses (to be renewed) are 

listed in Table 3 and illustrated in Figure 6 belowΦ ²ŀǎǘŜ ǎǘǊŜŀƳ ŀŎǝǾƛǝŜǎ ŀǊŜ ǎǳƳƳŀǊƛǎŜŘ ƛƴ ¢ŀōƭŜ п ōŜƭƻǿΦ
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Table 3Υ ²ŀǘŜǊ ¦ǎŜǎ 

Section 21 
Water Use 

Description of Water Use Volume (m3) per 
annum 

Capacity (m3) Coordinates Included in 
Current 
License 

Property 

Water uses to be renewed 

21 (f) Discharge from Return Water 
Dam and secondary channel to 
the Modderfonteinspruit. 

2 599 380 m3/a - 26° 07' 18.167" S 

28° 10' 59.491" E 

 

Yes 

Portions 89 and 90 of the Farm Zuurfontein 33 
IR 

21 (g) Desilting reservoirs 1 and 2. 4 891 000 m3/a 12 794 m3 26° 07' 08.724" S 

28° 11' 21.708" E 

Yes Portions 98 and 99 of the Farm Zuurfontein 33 
IR 

Return water dam. 7 426 800 m3/a 7 200 m3 26° 07' 15.001" S 

28° 11' 01.568" E 

Yes Portion 89 of the Farm Zuurfontein 33 IR 

Ash Dam A. 207 377 m3/a 2 065 851 m3 26° 07' 19.119" S 

28° 11' 25.084" E 

Yes Portions 97, 98, 99, 89 and 90 of the Farm 
Zuurfontein 33 IR 

Ash Dam B. 7 454 241 m3 26° 07' 10.886" S 

28° 11' 10.653" E 

Yes Portions 90, 91, 99 and 100  of the Farm 
Zuurfontein 33 IR 

21 (h) Discharge to the 
Modderfonteinspruit. 

2 599 380 m3/a - 26° 07' 18.167" S 

28° 10' 59.491" E 

Yes Portions 89 and 90 of the Farm Zuurfontein 33 
IR 

Existing water uses to be licensed 

21 (g) Coal stockpile A (covered). 1 300 000 t/a 42 000 tonnes 26° 07' 05.896" S 

28° 11' 35.032" E 

No Remainder of Portion 391 of the Farm 
Zuurfontein 33 IR 

Coal stockpile B (open). 2 100 000 t/a 100 000 tonnes 26° 07' 12.997" S 

28° 11' 34.222" E 

No Portions 99, 100 and the Remainder of Portion 
391 of the Farm Zuurfontein 33 IR 
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 WASTE STREAMS 

¢ƘŜ ƘŀȊŀǊŘƻǳǎ ǿŀǎǘŜ ǎǘǊŜŀƳǎ ƎŜƴŜǊŀǘŜŘ ŀǘ YŜƭǾƛƴ tƻǿŜǊ ƛƴŎƭǳŘŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

Table 4: Hazardous waste types generated at Kelvin Power. 

Waste Type Description Management and/ or Disposal 

Oil and grease waste. 
Waste generated from the servicing of 

vehicles, empty oil drums. 
Recycled. 

Fluorescent tubes/ globes. Used fluorescent tubes/ globes. 
Disposal at a licensed hazardous 

waste facility. 

Asbestos 
Waste generated from old building 

materials. 
Disposal of at a hazardous landfill 

site. 
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Figure 6Υ ²ŀǘŜǊ ǳǎŜǎ
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2.7 ORGANISATIONAL STRUCTURE OF ACTIVITY 

Lƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ wŜƎǳƭŀǘƛƻƴ Db тлпόмоύ ƻŦ мфффΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǘŀǘŜƳŜƴǘ ǇŜǊǎƛǎǘǎΥ άǘƘŜ ǇŜǊǎƻƴ ƛƴ ŎƻƴǘǊƻƭ ƻŦ ŀ 

mine or activity must provide the manager with the means and afford him or her every facility required to enable 

the manager to comply with the ǇǊƻǾƛǎƛƻƴǎ ƻŦ ǘƘŜǎŜ ǊŜƎǳƭŀǘƛƻƴǎέΦ 

By formally documenting environmental management measures and commitments, the IWWMP serves a vital 

role in ensuring that potential negative impacts of the proposed activities are reduced, or minimised and positive 

impacts maximised. The IWWMP, therefore, is a tool that guides the management and monitoring of impacts. If 

impacts are found to be higher than initially predicted, additional mitigation measures will need to be 

implemented to control, reduce, or prevent an impact from occurring. This IWWMP is intended to provide an 

overview of the on-site environmental management philosophy and organisational structure at the operation. 

In addition, it specifies common environmental management and monitoring principles that are applied and 

recommends additional management and monitoring where necessary. The roles, responsibilities and 

authorities of personnel at Kelvin Power are assigned to facilitate effective environmental management. 

provides as overview of the organisational structure of Kelvin Power. 

2.8 BUSINESS AND CORPORATE POLICIES 

YŜƭǾƛƴ tƻǿŜǊ Ƙŀǎ ŘŜǾŜƭƻǇŜŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ǎƻŎƛŀƭ ǇƻƭƛŎȅ ό9ϧ{ύ ǇƻƭƛŎȅ ŀƴŘ ǇǊƻŎŜŘǳǊŜǎ ǿƘƛŎƘ ƻǳǘƭƛƴŜǎ YŜƭǾƛƴΩǎ 

Ǿƛǎƛƻƴ ŀƴŘ ǇƻƭƛŎȅ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ 9ϧ{Φ !ǘ YŜƭǾƛƴ tƻǿŜǊΣ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǎƻŎƛŀƭ ƛǎǎǳŜǎ ŀǊŜ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ 

ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ 9ϧ{ ǇǊƛƴŎƛǇƭŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ƳƛƴƛƳƛǎŜ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘΦ YŜƭǾƛƴ tƻǿŜǊ 9ϧ{ 

ǇǊƛƴŎƛǇƭŜǎ ƛƴŎƭǳŘŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

¶ Provide sustainable energy and integrated environmental and social factors; 

¶ Identify all environmental and social issues associated with our activities and manage them in a 

sustainable manner; 

¶ Ensure compliance with applicable legal and other requirements; 

¶ Implementation and maintenance of an environmental and social management system based on ISO 

14001, OHSAS 18001 and SA8000; 

¶ Providing sustainable energy and the integration of environmental and social factors into business 

decisions; 

¶ Pursuing efficient use of energy, material, and natural resources to prevent pollution, minimise waste 

and encourage recycling where appropriate; 

¶ Providing sustainable energy and integrating environmental and social factors into business decisions; 

and 

¶ Increase the level of environmental competency, awareness and culture in our employees and 

contractors through communication, training, and promotion of best practice. 
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Figure 7: Organisational structure of Kelvin Power (ENVASS, 2024). 

 KELVIN POWER ENVIRONMENTAL AND SOCIAL POLICY 

The Kelvin Power Environmental and Social Policy states the Kelvin Power Station is committed to: 

¶ Provide sustainable energy and integrate environmental and social factors into our business decisions. 

¶ Identify all environmental and social issues associated with our activities and mange them in a 

sustainable manner. 

¶ Ensure compliance with applicable legals and other requirements and where appropriate perform better 

than required. 

¶ Implement and maintain an environmental and social management system based on ISO 14001, OHSA 

18001 and SA 8000. 

¶ Continuously improve our performance through regular review of the objectives and targets. 

¶ Pursue efficient use of energy, material and natural resources, to prevent pollution, minimise waste an 

encourage recycling where appropriate. 

¶ Respect and protect the values of our culturally diverse society by interacting with stakeholders. 

¶ Increase the level of environmental competency, awareness and culture in our employees and 

contractors through communication, training and promotion of best practice. 
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3 REGULATORY WATER AND WASTE MANAGEMENT FRAMEWORK 

The regulatory framework pertaining to the water use activities and waste management activities associated 

with Kelvin Power is described and discussed in the succeeding sections. 

3.1 SUMMARY OF ALL WATER USES 

The purpose of the NWA, is to provide for fundamental reform of the law, relating to water resources, to repeal 

certain laws as well as to provide for matters connected therewith. The purpose of the NWA is to ensure that 

ǘƘŜ ƴŀǘƛƻƴΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ǇǊotected, developed, conserved, managed, and controlled. Sections 40 and 

42 of the NWA provide for the responsible authority to request Public Participation (PP) and an assessment of 

the likely effect of the activities in terms of the protection, use, development, conservation, management, and 

control of the water resource. The NWA defines eleven (11) consumptive and non-consumptive water uses, 

namely:  

¶ 21(a): Taking water from a water resource;  

¶ 21(b): Storing water;  

¶ 21(c): Impeding or diverting the flow of water in a watercourse;  

¶ 21(d): Engaging in a stream flow reduction activity;  

¶ 21(e): Engaging in a controlled activity;  

¶ 21(f): Discharging waste or water containing waste into a water resource through a pipe, canal, sewer 

or other conduit;  

¶ 21(g): Disposing of waste in a manner which may detrimentally impact on a water resource;  

¶ 21(h): Disposing in any manner of water which contains waste from, or which has been heated in any 

industrial or power generation process;  

¶ 21(i): Altering the bed, banks, course or characteristics of a watercourse;  

¶ 21(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; and  

¶ 21(k): Using water for recreational purposes.  

The water uses relevant to Kelvin Power include the following (Refer to Table 3 and Figure 6): 

¶ 21(a): Taking water from a water resource; 

¶ 21 (f): Discharging waste or water containing waste into a water resource through a pipe, canal, sewer 

or other conduit; 

¶ 21(g): Disposing of waste in a manner which may detrimentally impact on a water resource; and 

¶ 21(h): Disposing in any manner of water which contains waste from, or which has been heated in any 

industrial or power generation process. 

3.2 EXISTING LAWFUL WATER USES 

In terms of Section 32 of the NWA, an Existing Lawful Water Use (ELWU) is defined as follows:  

ά²ŀǘŜǊ ǳǎŜ ǿƘƛŎƘ Ƙŀǎ ǘŀƪŜƴ ǇƭŀŎŜ ŀǘ ŀƴȅ ǘƛƳŜ ŘǳǊƛƴƎ ŀ ǇŜǊƛƻŘ ƻŦ ǘǿƻ ȅŜŀǊǎ ƛƳƳŜŘƛŀǘŜƭȅ ōŜŦƻǊŜ ǘƘŜ ŘŀǘŜ ƻŦ 

commencement of the Act (1 October 1996 to 30 September 1998) and which was authorised by or under any 

law which was in force immediately before the date of commencement of this Act, or which has been declared 

ŀƴ ŜȄƛǎǘƛƴƎ ƭŀǿŦǳƭ ǿŀǘŜǊ ǳǎŜ ƛƴ ǘŜǊƳǎ ƻŦ {ŜŎǘƛƻƴ оо ƻŦ ǘƘŜ !ŎǘέΦ 
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It can therefore be summarised that a person may apply to the DWS to have a water use declared as an ELWU 

or the DWS on its own initiative make such a declaration. This declaration is only possible if DWS is satisfied that 

the water use: 

¶ Took place more than two years before the date of commencement of the NWA and was discontinued 

for good reason; or 

¶ Had not yet taken place at any time before the date of commencement of the NWA but: 

o Would have been lawful had it so taken place; and 

o Steps towards effecting the use had been taken in good faith before the date of 

commencement of the NWA. 

There is no ELWU declared for Kelvin Power and all the water uses on site are authorised in terms of a water use 

licence, WUL 03/A21C/FGH/1110 of 24 June 2011. 

3.3 RELEVANT EXEMPTIONS 

The Minister of DWS is responsible for the protection, use, development, conservation, management and 

control of the water resources of South Africa on a sustainable basis. Regulation 704 (Government Gazette 

20119, 4 June 1999), under the NWA, stipulates conditions for managing water. Section 26 (1) of the NWA 

provides for the development of regulations of the following: 

¶ Require that the use of incoming and discharging water from a water resource be monitored, measured 

and recorded; 

¶ Regulate or prohibit any activity in order to protect a water resource or in-stream or riparian habitat; 

and 

¶ Prescribe the outcome or effect that must be achieved through management practices for the treatment 

of waste, or any class of waste, before it is discharged or deposited into or allowed to enter a water 

resource. 

Kelvin Power was granted an Exemption Permit (No. 1979 B) by the then Department of Water Affairs and 

Forestry (now DWS) in terms of Section 21(4) of the Water Act (Act 54 of 1956) for the use and disposal of 

purified or treated water on 14 August 2001. This however expired in December 2010. 

3.4 GENERALLY AUTHORISED WATER USES 

In terms of Section 22(1) of the NWA a person may use water without a licence if that water use is permissible 

in terms of a General Authorisation (GA) issued under Section 39 of the Act. A GA does not apply to Kelvin Power, 

as Kelvin Power is in possession of a WUL issued on 24 June 2011 (WUL: 03/A21C/FGH/1110). 

3.5 NEW WATER USES TO BE LICENSED 

All the authorised water uses will need to be renewed and there are three new water uses applied for (refer to 

Table 5 and Figure 6). 

Table 5: New water uses to be applied for. 

NWA 
S21 

Activity Annual 
volume 

Capacity 
(m3) 

Location Portion 

21 (g) Coal stockpile A 
(covered). 

1 300 000 t/a - 26° 07' 05.896" S 

28° 11' 35.032" E 

Remainder of Portion 391 of the 
Farm Zuurfontein 33 IR 

Coal stockpile B 
(open). 

2 100 000 t/a - 26° 07' 12.997" S 

28° 11' 34.222" E 

Portions 99, 100 and the 
Remainder of Portion 391 of the 
Farm Zuurfontein 33 IR 
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3.6 WASTE MANAGEMENT ACTIVITY (NEM:WA) 

 NATIONAL ENVIRONMENTAL MANAGEMENT: WASTE ACT (NEM:WA), 2008 (ACT NO. 

59 OF 2008, AS AMENDED) 

Waste is regulated under the National Environmental Management Waste Act (NEM:WA), 2008 (Act No. 59 of 

2008, as amended). Any hazardous waste generated requires regulation under NEM:WA. This means any waste 

that contains organic or inorganic elements or compounds that may, owing to the inherent physical, chemical, 

or toxicological characteristics of that waste have a detrimental impact on health and the environment. The 

NEM:WA follows the principle that waste generation be avoided, or if it cannot be avoided, that it is reduced, 

reused, recycled, or recovered, and as a last resort treated and/ or safely disposed of. NEM:WA previously 

excluded mine residues controlled under the MPRDA but the NEM:WA Amendment Act (NEM: WAA) came into 

effect on 2 June 2014 (Act No 26 of 2014, Government Gazette 37714) and makes provision for inclusion of mine 

residue deposits and stockpiles under Schedule 3 (defined wastes) of NEM:WA. Although the Minister of the 

DMR is the licensing authority for residue stockpiles and residue deposits, their management must be in 

accordance with the NEM: WA Regulations as prescribed by the Minister of the Department of Forestry, Fisheries 

and Environment (DFFE).  

Residue deposits and residue stockpiles include: 

¶ Wastes resulting from physical and chemical treatment of minerals; 

¶ Wastes from mineral excavation; 

¶ Wastes from physical and chemical processing of metalliferous minerals; 

¶ Wastes from physical and chemical processing of non-metalliferous minerals; and 

¶ Wastes from drilling muds and other drilling operations. 

Government Gazette No. 39020, GN: R632, 24 July 2015 deals with characterisation and classification of the 

residue; investigation and the selection of sites; design; assessment/ prediction of impacts; analysis of risk 

relating to the management of residue stockpiles and deposits; duties of permit holders; monitoring and 

reporting; dust management; and decommissioning, closure, and post-closure management. 

Government Notice 921, which was published in Government Gazette No. 37083, on 29 November 2013, listed 

the waste management activities that required licensing (Table 6). A distinction is made between Category A 

waste management activities, which require a Basic Assessment, and Category B activities, which require a full 

EIA. 

Category C waste management activities must comply with the relevant requirements and standards: 

¶ Norms and Standards for storage of waste (GN 926 of 2013); 

¶ Standards for extraction, flaring or recovery of landfill gas (GN 924 of 2013); or 

¶ Standards for scraping or recovery of motor vehicles (GN 925 of 2013). 

Table 6: Waste Management Activities (GN 921 of 2013). 

Waste Management Activity Category A Category B 

Storage of waste in lagoons. 1) General waste. 1) Hazardous waste (excluding 
effluent, wastewater, or sewage). 

Recycling or recovery of 
waste. 

2) Sorting, shredding, crushing, screening or 
bailing of general waste >1 000 m2. 

2) Reuse and recycling of hazardous 
waste >1 t/day. 
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Waste Management Activity Category A Category B 

3) Recycling at facility >500 m2 (n/a when 
part of internal manufacturing process on 
same premises). 

4) Recycling of hazardous waste 0.5 ς 1 
t/day (n/a when part of internal 
manufacturing process on same premises). 

3) Recovery (refining, utilisation or 
co- processing) of general waste 
>100 t/day or hazardous waste >1 
t/day. 

(5) Recovery (refining, utilisation or co- 
processing) of general waste 10 ς 100 t/day 
or hazardous waste 0.5 ς 1 t/day (n/a when 
part of internal manufacturing process on 
same premises). 

Treatment of waste. 6) General waste 10 ς 100 t. 4) Hazardous waste >1 t/day. 

7) Hazardous waste 0.5 ς 1 t. 5) Treatment of hazardous waste in 
lagoons (excluding effluent, 
wastewater and sewage). 

6) General waste >100 t/day. 

Disposal of waste. 9) Inert waste 25 ς 25 000 t. 7) Hazardous waste on land (any 
quantity). 

10) General waste on footprint of 50 ς 200 
m2, not exceeding 25 000 t. 

8) General waste >200 m2 and >25 
000 t capacity. 

11) Domestic waste of areas not serviced, 
>500 kg/month. 

9) Inert waste >25 000 t. 

Construction, expansion or 
decommissioning of 
facilities. 

12) Construction of a Category A waste 
management facility. 

10) Construction of a Category B 
waste management facility. 

13) Expansion of a Category A or B facility 
without additional waste management 
activity. 

14) Decommissioning of a Category A or B 
facility. 

Category C 

Storage of waste. (1) General waste at facility with capacity >100 m3, excluding waste lagoons. 

2) Hazardous waste at facility with capacity >80 m3, excluding waste lagoons. 

3) Waste tyres >500 m3. 

Recycling and recovery. 4) Scrapping or recovery of motor vehicles with operational area >500 m2. 

5) Extraction, recovery or flaring of landfill gas. 

 WASTE CLASSIFICATION 

The Waste Classification and Management Regulations (WCMR) (GN R.634 of 2013) were promulgated in terms 

of the NEM:WA with the following associated Norms and Standards: 

¶ National Norms and Standards for the assessment of waste for landfill disposal (GN R.635 of 2013); and 

¶ National Norms and Standards for disposal of waste to landfill (GN R.636 of 2013) including detail on the 

barrier design based on the classification of the material. 
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 SANS 10234 CLASSIFICATION 

According to Section 4(2) of GN R. 634 of 2013, all waste generators must ensure that their waste is classified in 

accordance with SANS 10234 within 180 days of generation, except if it is listed in Annexure 1 of the GN R.634. 

Furthermore, waste must be re-classified every 5 years. 

Waste classification according to SANS 10234 (based on the Global Harmonised System) indicates physical, 

health and environmental hazards. The SANS 10234 covers the harmonised criteria for classification of 

potentially hazardous substances and mixtures, including wastes, in terms of its intrinsic properties/ hazards. 

Table 7 indicates the different hazard classes for waste according to SANS 10234. The classification of the waste 

is based on background information on the characteristics as well as analytical results. 

Table 7: Hazard classes according to SANS 10234. 

Class Description 

Class 1 Explosive. 

Class 2A Highly flammable. 

Class 2B Flammable. 

Class 3 Oxidising. 

Class 4 Substances that release toxic gases in contact with water or acid. 

Class 5 Irritant. 

Cass 6 Corrosive. 

Class 7 Harmful. 

Class 8 Toxic. 

Class 9 Mutagenic. 

Class 10 Carcinogen. 

Class 11 Toxic for reproduction. 

Class 12 Ecotoxic. 

 CLASSIFICATION OF WASTE TYPE IN TERMS OF GN R. 635 

In terms of these Norms and Standards, the potential level of risk associated with disposal of materials/ wastes 

can be determined by following the prescribed and appropriate leach test protocols. The results must be 

assessed against the four levels of thresholds for leachable and total concentrations, which in combination, 

determines the waste type and associated barrier design/ liner requirements. The terminology is as follows: 

¶ LC = means the leachable concentration of a particular contaminant in a waste, expressed as mg/l; 

¶ TC = means the total concentration of a particular contaminant in a waste, expressed as mg/kg; 

¶ LCT = means the leachable concentration thresholds for particular contaminants in a waste (LCT0, LCT1, 

LCT2, LCT3); and 

¶ TCT = means the total concentration thresholds for particular contaminants in a waste (TCT0, TCT1, 

TCT2). 

Figure 8 shows the flow diagram of the process to be followed to determine the waste type for disposal. 

According to this process, the waste needs to be analysed to determine total and leachable concentrations of 

potential constituents of concern (CoCs). The results are then compared to the threshold values to determine 

the waste type. 
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Figure 8: Flow diagram for waste classification according to the WCMR (ENVASS, 2024). 

Lƴ ǘƘŜ DƻǾŜǊƴƳŜƴǘ DŀȊŜǘǘŜΣ нп !ǳƎǳǎǘ мффлΣ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǿŀǎǘŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ŜȄŎƭǳŘŜŘΥ άŀǎƘ ǇǊƻŘǳŎŜŘ ōȅ ƻǊ 

resulting from activities at an undertaking from the generation of electricity under the provisions of the 

Electricity Act, 1987 (Act No. 41 of 19утύέΦ tƻǿŜǊ ǎǘŀǘƛƻƴ ŀǎƘ ǿŀǎ ǘƘǳǎ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǿŀǎǘŜΣ 

however the new waste amendment act, Act No. 26 of 2014, National Environmental Management Act: Waste 

Amendment Act, 2014, no longer excludes power station ash. As the activity commenced prior to the 

promulgation of this Act and no expansion of the footprint is planned it is assumed that no waste management 

license is required. 

3.7 WASTE RELATED AUTHORISATIONS 

Kelvin Power applied for registration as a hazardous waste generator: Waste Information Systems (WIS) 

Regulations. The certificate was issued on the 24th of April 2013. 

3.8 OTHER AUTHORISATIONS (EIAS, EMPS, RODS, REGULATIONS) 

Kelvin Power has an Air Emissions Licence (AEL) in terms of section 41(1) (a) of the National Environmental 

Management: Air Quality Act (NEM:AQA), 2004 (Act No.39 of 2004), in respect of Listed Activity 1.1 Combustion 

Installation (Solid Fuel Combustion Installation) and 5.1 Storage and Handling of Ore and Coal, as published in 

terms of Section 21 of the Act. The AEL was issued on the 14th of August 2023 (AEL number: 

14/1/1/7/1/66/Kelvin/Kemp) and is valid until 31 August 2028. 

4 PRESENT ENVIRONMENTAL STATUS 

4.1 CLIMATE 

This section describes the areas environmental conditions at the present state. 

 REGIONAL CLIMATE 

Kempton Park falls within the cold interior climatic zone of South Africa (SANS 204:2011) which consists of warm 

summers from December to February and cold, dry winters between June to August. The cold interior climate 

zone is known for moderately high summer and winter daytime temperatures which vary from about 14 ºC to 

26 ºC during the summer and on average from 4 ºC to 22 ºC in winter (Table 10). The area experiences summer 

rainfall, wintertime frost, fog, and varying wind speeds (Figure 9, Figure 10 and Figure 11). 
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Figure 9: Average temperatures and precipitation of Kempton Park (Meteoblue, 2025). 

 

Figure 10: Average wind speed of Kempton Park (Meteoblue, 2025). 

 RAINFALL 

The region experiences unpredictable rainfall that ranges from 715 mm to 735 mm annually, as averaged at 620 

mm. Winter months are typically dry, while precipitation is mainly associated with thunderstorms during the 

summer (October to March). Figure 11 illustrates the mean monthly rainfall values for the study area 

(Meteoblue, 2025). 
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Figure 11: Average precipitation for Kempton Park (Meteoblue, 2025). 

 EVAPORATION 

Monthly evaporation data was available from the DWS station A2E009, located approximately 5km south-east 

of the project site (DWS, 2025). This station has an approximate Mean Annual Evaporation (MAE) of 2207.6 mm 

(S-Pan) over the period of available data (1957-1984). The highest evaporation occurs in the spring/ summer 

months of September to March. The average monthly evaporation values are shown in Table 8. 

Table 8: Average month evaporation values for station A2E009. 

Month Average Monthly Evaporation (mm) 

October 249.3 mm 

November 228.6 mm 

December 235.4 mm 

January 223.1 mm 

February 182.9 mm 

March 170.5 mm 

April 134.9 mm 

May 124.1 mm 

June 111.2 mm 

July 128.2 mm 

August 177.3 mm 

September 230.5 mm 
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4.2 SURFACE WATER 

 WATER MANAGEMENT AREA 

Kelvin Power is situated in the Modderfonteinspruit catchment, which forms part of the greater Jukskei 

catchment (Golder, 2021), which forms part of the Limpopo Water Management Area (WMA). 

 SURFACE WATER HYDROLOGY 

The Kelvin site is situated on the boundary of two quaternary catchments, A21C and A21A, however 97% of the 

site falls in catchment A21C (the Jukskei River catchment) (refer to Figure 12). 

Catchment A21C drains in a Northwesterly direction where the Jukskei River eventually confluences with the 

Crocodile River. Catchment A21C is 75 961 ha in extent and the part of the Kelvin site contributing to this 

catchment is 154.7 ha (or 0.2%). 

¢ƘŜ о҈ ƻŦ ǘƘŜ ǎƛǘŜ ǘƘŀǘ Ŧŀƭƭǎ ǿƛǘƘƛƴ ŎŀǘŎƘƳŜƴǘ !нм! ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ άwŜƳŀƛƴŘŜǊέ ŦŀŎƛƭƛǘȅ ŀƴŘ ŘǊŀƛƴǎ bƻǊǘƘŜŀǎǘ ƛƴǘƻ 

Sesmylspruit. Catchment A21A is 48 189 ha and the part of the Kelvin site contributing to this catchment is 5.4 

ha (or 0.01%). The site is at an elevation of between 1620 and 1680 mamsl with a gentle slope of approximately 

0.03 (Golder, 2021). 

 SURFACE WATER QUALITY 

 SURFACE WATER MONITORING OBJECTIVES 

The objective of surface water monitoring is to assess the impact that the operations have or may have on the 

surface water resources and to implement mitigation measures, as necessary. The objectives of water quality 

monitoring are as follows: 

¶ To monitor water quality at the monitoring positions identified in the Kelvin Power WUL 

(03/A21C/FGH/1110 of 24 June 2011; 

¶ To demonstrate that the potential impact associated with Kelvin Power are proactively monitored; 

¶ Develop environmental and water management programmes based on incident and impact monitoring 

to facilitate decision making; 

¶ To investigate possible surface water contamination which serves as an early warning system to allow 

remedial measures and subsequent actions to be taken for the mine and region; 

¶ Compare water quality in terms of the physical and chemical characteristics with baseline values and 

WUL standards to identify possible trends and/ or changes with regard to surface water quality by 

tracking contaminants of concern as indicators of pollution; 

¶ Monitoring of water usage (including downstream and upstream) by various users; 

¶ Verification and calibration of various prediction and assessment models, which includes planning for 

decommissioning and closure; and 

¶ Assessment of compliance with set standards and legislation, such as WULs, EMPr, etc. 
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Figure 12: Location and quaternary catchments for Kelvin Power. 



   

1693 IWWMP 27 

 TOXICITY AND BIOMONITORING POINTS AND FREQUENCY 

The surface monitoring points listed in Table 9 are sampled as specified below at Kelvin Power. The monitoring 

points (Clean Stream, 2024) (report attached as ) were adapted from the monitoring plan as approved by the 

Regional Head as stipulated in the Kelvin Power WUL (03/A21C/FGH/1110) of 24 June 2011.  

Table 9: Sampling register for surface water monitoring and Biomonitoring (Clean Stream, 2024). 

Monitoring 
Site ID 

Description 

Biomonitoring Protocols GPS Coordinates 

Protocol 
Frequency 
per annum 

Latitude (South) Longitude (East) 

K1 Upstream (from Kelvin Power 
Station effluent) site in the 
Modderfonteinspruit. 

SASS5 and in-situ 
water quality. 

Six-monthly S 26.119475° E 28.173828° 

Toxicity (acute 
screening water). 

Quarterly 

Toxicity (direct 
sediment contact). 

Annual 

K2 Downstream (from Kelvin 
Power Station effluent) site 
in the Modderfonteinspruit. 

SASS5 and in-situ 
water quality. 

Six-monthly S 26.109192° E 28.168992° 

Toxicity (acute 
screening water). 

Quarterly 

Toxicity (direct 
sediment contact). 

Annual 

K3 Approximately 1 km 
downstream from K2, on the 
Modderfontein golf course in 
the Modderfonteinspruit. 

SASS5 and in-situ 
water quality. 

Six-monthly S 26.103308° E 28.1658° 

Toxicity (acute 
screening water). 

- 

Toxicity (direct 
sediment contact). 

- 

K4 Approximately 2 km 
downstream from K3, 
directly downstream from an 
instream pollution control 
dam in the 
Modderfonteinspruit. 

SASS5 and in-situ 
water quality. 

Six-monthly S 26.095919° E 28.151933° 

Toxicity (acute 
screening water). 

- 

Toxicity (direct 
sediment contact). 

- 

Eff Effluent stream within the 
power station boundary. 

SASS5 and in-situ 
water quality. 

- S 26.121806° E28.183108° 

Toxicity (definitive 
testing water). 

Quarterly 

Toxicity (direct 
sediment contact). 

- 

Eff-plus Effluent stream, downstream 
from the power station, just 
upstream from confluence 
with Modderfonteinspruit. 

SASS5 and in-situ 
water quality. 

 S 26.118978° E 28.174103° 

Toxicity (acute 
screening water). 

Quarterly 

Toxicity (direct 
sediment contact). 

Annual 
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Monitoring 
Site ID 

Description 

Biomonitoring Protocols GPS Coordinates 

Protocol 
Frequency 
per annum 

Latitude (South) Longitude (East) 

RWD Pollution control facility ς 
return water dam. 

Toxicity (definitive 
testing water). 

Quarterly S 26.120857° E 28.183835° 

Ash Dam Pollution control facility. Toxicity (definitive 
testing water). 

Quarterly S 26.119063° E 28.189330° 

Desilting Dam Pollution control facility. Toxicity (definitive 
testing water). 

Quarterly S 26.121652° E 28.189947° 

 TOXICITY METHODS FOR KELVIN POWER 

4.2.3.3.1 BIO-TOXICITY ASSESSMENTS 

Acute toxicity testing is performed by exposing testing organisms to water sources in order to determine the 

potential risk of such waters to the biota or biological integrity of the receiving water bodies. A risk category is 

determined based on the percentage of mortalities or inhibition-stimulation of the exposed biota. It is important 

to note that the hazard classification is based on the standardised battery of selected test biota and therefore 

represents the risk/hazard towards similar biota in the receiving aquatic environment. The toxicity hazard is 

therefore in terms of the aquatic biotic integrity and does in no way represent toxicology towards humans or 

other mammals (Clean Stream, 2024). Standard, internationally accepted methods, and materials were applied 

in order to conduct acute and short-chronic toxicity testing and hazard classification based on three (3) trophic 

levels or taxonomic groups, namely Vibrio fischeri (bacteria), Daphnia magna (crustaceans) and Selenastrum 

capricornutum (micro-algae). All tests were conducted in environmentally controlled rooms using the Allivibrio 

fischeri bioluminescent, Selenastrum capricornutum, Daphnia magna acute toxicity. 

4.2.3.3.2 TOXICITY TEST RESULTS CLASSIFICATION 

A risk/ hazard category was determined by the Department of Water and Sanitation. The Direct Estimation of 

Ecological Effect Potential (DEEEP) is a recommended protocol and is broadly based on the hazard classification 

by DWS. This risk category equates to the level of acute/ chronic risk posed by the selected potential pollution 

source (water sample). After the determination of the percentage effect, obtained with each of the battery of 

toxicity tests performed, the sample is ranked into one of the following five classes, based on either screening 

or definitive testing protocols. 
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Figure 13: Location of surface water and biomonitoring points (Clean Stream, 2024). 

 IN-SITU WATER QUALITY 

The downstream and upstream water monitoring results for November/December 2024 are discussed below 

(Table 10) as part of the most recent biomonitoring and toxicity report results Clean Stream, (2024) (Appendix 

4). All monitoring results are obtained from the monitoring points as per Table 9 above. 

Table 10: In-situ surface water quality (Clean Stream, 2024). 

Monitoring Site EC (mS/m) pH Oxygen 
Saturation (%) 

Dissolved 
Oxygen (mg/l) 

Water Temp 
(°C) 

K1 56.6 6.7 157.0 10.0 22.5 

K2 109.8 6.6 176.0 10.0 21.3 
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Monitoring Site EC (mS/m) pH Oxygen 
Saturation (%) 

Dissolved 
Oxygen (mg/l) 

Water Temp 
(°C) 

K3 96.4 6.7 103.4 6.6 23.8 

K4 104.0 7.0 170.0 8.7 25.5 

Electrical conductivity (EC) values were sourced from the toxicity testing laboratory results and the in-situ 

records, where relevant. In November 2024, a notable increase (deterioration) in EC levels was recorded from 

site K1 (56.6 mS/m) to site K2 (109.8 mS/m) (Table 10). Temporal data clearly show that salinity consistently 

increases between these sites, and while a stable trend is reflected for site K1, an increasing (deteriorating) 

trend is shown for site K2. The EC levels recorded for the Effluent Stream sites Eff (149.3 mS/m) and Eff-plus 

(143.6 mS/m) were substantially higher than in the receiving Modderfonteinspruit (as represented by site K1), 

confirming the Effluent Stream (carrying potential KPS impacts) as a source contributing to the salt load of the 

Modderfonteinspruit. Industrial activities did not lead to an increase in salinity of this stream (Eff to Eff-plus) 

during most preceding surveys; however, it is again noted that the June 2021 survey reflected likely impacts 

from industrial development as the EC levels increased towards the more downstream site, Eff-plus. Temporal 

data are reflecting trends of increasing salinity at both site Eff and Eff-plus, with the increasing trend at site Eff-

plus likely a response to the upstream increase as seen at site Eff. Bank erosion remains a notable impact at site 

K2, and the regularly observed sedimentation of the stream may have contributed in part to the increase in EC 

ōŜǘǿŜŜƴ ǎƛǘŜǎ Yм ŀƴŘ Yн ŘǳǊƛƴƎ ǎƻƳŜ ǊŜŎŜƴǘ ǎǳǊǾŜȅǎΦ Lǘ ƛǎ ǊŜƛǘŜǊŀǘŜŘ ǘƘŀǘ YŜƭǾƛƴ tƻǿŜǊ {ǘŀǘƛƻƴΩǎ ŜƴǾironmental 

staff should take steps to mitigate any potential contributions to the increased salinity of the 

Modderfonteinspruit, especially given the higher salinity consistently recorded in the Effluent Stream during 

recent surveys. 

The dissolved oxygen (DO) concentration measured above the median guideline (> 5 mg/l) at all four 

Modderfonteinspruit sites during the November 2024 survey (Table 10), and would not have limited aquatic 

biota at these sites. This reflects improvement at site K1 compared to the May 2024 survey when the DO 

concentration at this site measured below the median guideline level. Low DO concentrations have been 

observed at several Modderfonteinspruit monitoring sites over recent surveys, but the scenario is generally 

already present at site K1 (upstream of potential KPS impacts) and appears unrelated to KPS activities. Sewage 

contamination is believed to be underlying the low DO concentrations, with other signs of sewage pollution, 

such as algal proliferation, supporting this notion. 

The toxicity test results for December 2024 / January 2025 are tabulated in Table 11 and briefly interpreted 

thereafter. 
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Table 11: Toxicity test results (Clean Stream, 2024). 

 Results K1 K2 EFF Plus EFF Ash Dam Desilting Dam RWD 

 

Test date yy/mm/dd 2025.01.06 2025.01.06 2025.01.06 2025.01.10 2025.01.10 2025.01.10 2025.01.10 

pH @ 25°C (NA) 8.1 8.3 7.9 8.8 9.9 9.1 10.1 

EC (Electrical conductivity) (mS/m) 
@ 25°C (NA) 

42.9 151.2 143.6 149.3 204.2 139.7 176.7 

Dissolved oxygen (mg/l) (NA) 8.5 8.7 9.2 7.3 7.3 7.0 7.5 

 

Test started on yy/mm/dd 2025.01.13 2025.01.13 2025.01.13 2025.01.21 2025.01.21 2025.01.22 2025.01.22 

% 

30min inhibition (-) / stimulation 
(+) (%) 

39 19 11 34 14 22 -69 

EC/LC20 (30 mins) *  *  *  n.r n.r n.c 62 

EC/LC50 (30 mins) *  *  *  n.r n.r n.r 85 

 Toxicity unit (TU) / Description no sub-lethal 
hazard 

no sub-lethal 
hazard 

no sub-lethal 
hazard 

<1 <1 <1 1.2 

 

Test started on yy/mm/dd 2025.01.06 2025.01.06 2025.01.06 2025.01.13 2025.01.13 2025.01.13 2025.01.13 

% 

48hour mortality rate (-%) 

0 0 0 0 0 0 0 

EC/LC10 (48hours) *  *  *  n.r n.r n.r n.r 

EC/LC50 (48hours) *  *  *  n.r n.r n.r n.r 
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 Results K1 K2 EFF Plus EFF Ash Dam Desilting Dam RWD 

Toxicity unit (TU) / Description no lethal hazard no lethal hazard no lethal hazard <1 <1 <1 <1 

 

Test started on yy/mm/dd 2025.01.09 2025.01.09 2025.01.09 2025.01.20 2025.01.20 2025.01.20 2025.01.20 

% 

96hour mortality rate (-%) 

-33 -8 0 0 -8 0 0 

EC/LC10 (96hours) *  *  *  13 6 n.r n.r 

EC/LC50 (96hours) *  *  *  n.r n.r n.r n.r 

 Toxicity unit (TU) / Description S.D.O.T.H no lethal hazard no lethal hazard <1 <1 <1 <1 

Minimum acceptable effect level/ 

Estimated safe dilution factor (%) [for 
definitive testing only] 

N/A N/A N/A 13 6 <1 62 

Overall classification - Hazard class*** Class II - Slight 
lethal  

hazard 

Class I - No 
lethal/sub-lethal 
hazard 

Class I - No 
lethal/sub-lethal 
hazard 

Class II - Slight 
lethal  

hazard 

Class II - Slight 
lethal  

hazard 

Class II - Slight sub-
lethal hazard 

Class III - Sub-
lethal hazard 

Weight (%) 33 0 0 33 33 33 33 

Key: 

% = for definitive testing, only the 100% concentration (undiluted) sample mortality/inhibition/stimulation is reflected by this summary table. The dilution series results 

are considered for EC/LC values and Toxicity unit determinations n.r. = not relevant, i.e. the 100% concentration caused less than 10/20/50% (effective concentration) 

mortalities or inhibition 

n.c. = not calculable, although the 100% concentration showed no significant light emission inhibition effect such slight effects were observed on other dilutions of the 

sample, and could not be diluted out up to a 0.78% dilution of the sample * = EC/LC values not determined, definitive testing required if a hazard was observed and 

persists over subsequent sampling runs 
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 Results K1 K2 EFF Plus EFF Ash Dam Desilting Dam RWD 

S.D.O.T.H = Some degree of lethal/sub-lethal toxic hazard based on this single test organism, refer to overall hazard classification, which takes into account the full battery 
of test organisms. 

*** = The overall hazard classification takes into account the full battery of tests and is not based on a single test result. Note that the overall hazard classification is 
expressed as both lethal (Daphnia & Poecilia ) and sub-lethal (Aliivibrio ) levels of toxicity 

Weight (%) = relative toxicity levels (out of 100%), higher values indicate that more of the individual tests indicated toxicity within a specific class site/sample name 
shaded in purple = screening test 

site/sample name shaded in orange = definitive test 
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The December 2024 water sample from the upstream Modderfonteinspruit site, K1, reflected a slight lethal 

environmental toxicity hazard (Class II) based on a 33% vertebrate mortality effect. This represents an increase 

in toxicity hazard compared to the September 2024 survey, which showed no lethal/sub-lethal environmental 

toxicity hazard (Class I). As site K1 is the upstream (control) site, the slight toxicity hazard recorded in December 

2024 is considered unrelated to KPS. 

No lethal/sub-lethal toxicity hazard (Class I) was detected for the December 2024 sample from site K2, located 

downstream of potential KPS impacts. This indicates that, based on the December 2024 samples, there was no 

increase in the toxicity hazard class of the Modderfonteinspruit following the inclusion of potential KPS impacts 

via the Effluent Stream. The September 2024 survey also reflected spatial stability between sites K1 and K2, with 

both samples showing Class I hazard ratings. 

A slight lethal environmental toxicity hazard (Class II) was assigned to the January 2025 sample from site Eff, 

which represents the Effluent Stream inclusive of potential power station impacts but excluding industrial 

impacts. The hazard was based on toxicity effects observed in the dilution series, and a safe dilution factor of 

13% was calculated (i.e. 13 parts Eff water diluted with 87 parts clean water). This continues the trend of 

improvement in toxicity hazard for site Eff compared to the November 2023 survey, which recorded a very high 

lethal toxicity hazard (Class V). Despite the improvement, the presence of a slight toxicity hazard remains a 

ŎƻƴŎŜǊƴΣ ŀƴŘ Yt{Ωǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘŀŦŦ ǎƘƻǳƭŘ ŎƻƴǘƛƴǳŜ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ ŜŦŦƻǊǘǎΦ 

The water toxicity hazard decreased towards the downstream Effluent Stream site, Eff-plus, which includes both 

potential power station and industrial impacts. The January 2025 sample from this site showed no lethal/sub-

lethal environmental toxicity hazard (Class I), indicating that industrial and/or other impacts along the Effluent 

Stream did not increase the toxicity hazard. This finding also reflects a decrease in toxicity hazard compared to 

the September 2024 survey, when a Class II hazard was recorded at Eff-plus. 

Based on definitive testing, the January 2025 sample from the Ash Dam reflected a slight lethal environmental 

toxicity hazard (Class II), with a safe dilution factor of 6% (i.e. 6 parts Ash Dam water diluted with 94 parts clean 

water). This marks an improvement from the September 2024 survey, which recorded a Class III hazard. 

The Desilting Dam sample from January 2025 showed a slight sub-lethal environmental toxicity hazard (Class II) 

based on bacterial light emission inhibition effects. However, no safe dilution factor could be established, as the 

slight effects persisted even at a 0.78% dilution. This is a decrease in hazard compared to the September 2024 

survey, which recorded a Class III hazard. 

The Return Water Dam (RWD) sample from January 2025 was assigned a sub-lethal environmental toxicity 

hazard (Class III), based on a 69% bacterial light emission inhibition effect and a toxicity unit (TU) of 1.2. A safe 

dilution factor of 62% was calculated (i.e. 62 parts RWD water diluted with 38 parts clean water). This is 

consistent with the September 2024 survey, which also recorded a Class III hazard, although no safe dilution 

factor could be determined at that time. 

These findings underscore the importance of continued and definitive toxicity testing for the Pollution Control 

Dams (PCDs), which remain critical for environmental risk management and mitigation planning. 

 RESOURCE CLASS AND RIVER HEALTH 

The biomonitoring (SASS5) results for November/December 2024 are tabulated in Biotic integrity remains poor 

throughout the study area, consistent with previous surveys. In contrast to the May 2024 findings, biotic 

integrity decreased from K1 to K2, remained fairly stable from K2 to K3, and showed a slight improvement from 

K3 to K4. Habitat differences, as assessed via IHAS and biotope suitability scores, may have influenced biotic 

responses, but SASS5 scores are considered more reliable due to low taxa diversity. 

  



   

1693 IWWMP 35 

Table 12 and briefly interpreted thereafter. 

Biotic integrity remains poor throughout the study area, consistent with previous surveys. In contrast to the May 

2024 findings, biotic integrity decreased from K1 to K2, remained fairly stable from K2 to K3, and showed a slight 

improvement from K3 to K4. Habitat differences, as assessed via IHAS and biotope suitability scores, may have 

influenced biotic responses, but SASS5 scores are considered more reliable due to low taxa diversity. 
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Table 12: Biomonitoring results (Clean Stream, 2024). 

SASS5 and 
Associated Habitat 

Sampling Sites 

Measuring 
Unit 

Guideline/ 
Target 

K1 Eff Eff-Plus K2 K3 K4 

Total SASS5 score. Score n.r. 36 N/A 0 22 24 32 

ASPT. Average 
score per 

taxon 

n.r. 3.6 N/A 0 3.1 2.7 2.9 

IHAS. Habitat score n.r. 66 N/A 0 55 66 57 

Biotype suitability. Habitat score n.r. 7 N/A 0 5 9 8 

The November 2024 SASS5 findings differ from those of the May 2024 and November 2023 surveys (report KEL-

D-23), which did not detect further deterioration in biotic conditions along the reach from K1 to K2, but are 

consistent with the June 2023 findings (report KEL-B-23), which showed further deterioration in biotic integrity 

from site K1 to site K2, with water quality deterioration identified as a contributing factor. Comparison of the 

November 2023, May 2024, and November 2024 findings shows that the total SASS5 score at site K1 increased 

from 21 (Nov 2023) to 24 (May 2024) and further to 36 (Nov 2024), despite fluctuating water toxicity hazard 

levels (Class II to Class I to Class II). The persistent sewage contamination and low dissolved oxygen (DO) 

concentrations at this site, observed in multiple surveys, likely continue to contribute to the poor biotic integrity. 

At site K2, the total SASS5 score decreased from 34 (Nov 2023) to 29 (May 2024) and further to 22 (Nov 2024), 

despite water toxicity hazard decreasing from Class II to Class I. This decline in biotic integrity highlights the need 

for close monitoring. Biotic conditions remain very poor at both sites, and the spatial deterioration from K1 to 

K2 observed in November 2024 is concerning.In November 2024, the total SASS5 score and ASPT remained fairly 

stable from site K2 (22 and 3.1) to site K3 (24 and 2.7), despite better habitat conditions at K3 (as indicated by 

IHAS and biotope suitability scores). The absence of a corresponding improvement in biotic integrity may point 

to water quality deterioration. The GSM biotope was the most comparable between these sites, with SASS5 

scores of 10 (K2) and 9 (K3), which does not provide definitive evidence of water quality differences. In-situ 

measurements showed improvement in salinity towards site K3, but other water quality variables not included 

in the in-situ range may have influenced the results. 

The November 2024 SASS5 findings suggest possible water quality-related impacts to the biotic integrity of the 

reach from K2 to K3, likely stemming from industrial and residential activities. It is reiterated that no known 

further KPS impacts occur downstream of site K2. 

 RECEIVING WATER QUALITY OBJECTIVES AND RESERVE 

The Receiving Water Quality Objectives (RWQO) for the Modderfonteinspruit catchment are being developed 

by the DWS. DWS is responsible for providing the Reserve. 

The licence issued to Kelvin Power has the compliance qualities (Appendix II, Condition 2.5) for water as 

indicated in Table 13. 

Table 13: Quality of wastewater to be disposed. 

Variable Limit RQO 

pH 6.5 ς 8.5 5 ς 9.5 

Electrical Conductivity (EC) 80 mS/m 115 mS/m 

Total Suspended Solids (TSS) 40 mg/l - 
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Variable Limit RQO 

Chemical Oxygen Demand (COD) 50 mg/l - 

Sulphate (SO4) 200 mg/l 200 mg/l 

Sodium (Na) 25 mg/l 49.5 mg/l 

Calcium (Ca) 25 mg/l 100 mg/l 

Magnesium (Mg) 15 mg/l 61.6 mg/l 

Free Residual Chlorine (Cl) 0.2 µg/l - 

E. coli/ Faecal Coliforms 0 cfu/100ml - 

Ammonia (ionised and un-ionised) as Nitrogen (NH3 as N) 2 mg/l - 

Nitrate/ Nitrite as Nitrogen (NO3/ NO2 as N) 6 mg/l 6 mg/l 

Ortho-Phosphate as Phosphorous (PO4 as P) 0.1 mg/l - 

 SURFACE WATER USER SURVEY 

Kelvin Power Station is situated very close to a number of residential areas. The informal settlement of 

Alexandria is suggestive of downstream, informal use of water from the Modderfonteinspruit. A hydrocensus 

was also conducted for the updated groundwater model as indicated in section 4.3.5. 

 SENSITIVE AREAS SURVEY 

There are no known wetlands near or within Kelvin Power. The area is predominantly residential and industrial; 

however, no baseline studies have been conducted to verify that the site is not within the area of a delineated 

wetland to date (Divhani, 2024).  

4.3 GROUNDWATER 

Groundwater baseline information have been derived from the 2024 IWWMP and a study that was conducted 

by Gradient, 2025 (Appendix 1). The following sections summarises the regional and site-specific hydrogeology. 

 REGIONAL HYDROGEOLOGY 

The Department have characterised South African aquifers based on host-rock formations in which it occurs 

together with its capacity to transmit water to boreholes drilled into relative formations. The water bearing 

properties of respective formations can be classified into four aquifer classes defined below. Each of these 

classes is further subdivided into groups relating to the capacity of an aquifer to transmit water to boreholes, 

typically measured in l/s. The groups therefore represent various ranges of borehole yields: 

a. Class A: Intergranular Aquifers associated either with loose and unconsolidated formations such as 

sands and gravels or with rock that has weathered to only partially consolidated material.  

b. Class B: Fractured Aquifers associated with hard and compact rock formations in which fractures, 

fissures and/or joints occur that are capable of both storing and transmitting water in useful quantities.  

c. Class C: Karst Aquifers associated with carbonate rocks such as limestone and dolomite in which 

groundwater is predominantly stored in and transmitted through cavities that can develop in these 

rocks.  

d. Class D: Intergranular and fractured Aquifers that represent a combination of Class A and B aquifer 

types. This is a common characteristic of South African aquifers. Substantial quantities of water are 

stored in the intergranular voids of weathered rock but can only be tapped via fractures penetrated by 

boreholes drilled into it. 

According to the DWS Hydrogeological map (DWS Hydrogeological map series 2526 (Johannesburg) the study 

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

etc. (Barnard, 2000). 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.  

!ŎŎƻǊŘƛƴƎ ǘƻ ±ŜƎǘŜǊΩǎ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜƎƛƻƴǎ ŘŜƭƛƴŜŀǘŜŘ όнлллύ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ Ŏŀƴ ōŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ŦŀƭƭƛƴƎ ǳƴŘŜǊ 

the Central Highveld Region (Region 17). The maximum aquifer thickness i.e., shallow, intergranular aquifer 

system is <20m with water stored mainly in fractures principally restricted to a shallow zone below groundwater 

level. 

Figure 14 depicts a conceptualised cross  section of the greater study area. Refer to Figure 15 for a map 

illustrating the typical groundwater occurrence for the greater study area while Figure 16 depicts the 

hydrogeological map of the greater study area.  

 LOCAL HYDROSTRATIGRAPHIC UNITS 

For the purposes of this investigation, three main hydrostratigraphic units/aquifer systems can be inferred in 

the saturated zone1:   

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. 

 
1 Refer to project assumptions and limitations, it should be noted that no site characterisation boreholes have been drilled to confirm this 

statement. 
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Figure 14: Schematic cross section to illustrate typical groundwater occurrence in the Johannesburg area 

(Barnard, 1999).
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Figure 15: Typical aquifer hosts and groundwater occurrence for the study region (2526 Johannesburg). 
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Figure 16: Hydrogeological map of the greater study region (2526 Johannesburg). 
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 GROUNDWATER-SURFACE WATER INTERACTION 

Groundwater and surface water interaction is an essential component of the hydrological cycle. The hyporheic 

zone (stream bed) is the zone of most interaction (Adams et. al.,2012) as shown in Figure 17. According to 

records documented by Van Tonder and Dennis (2003), under natural conditions this area exhibits certain 

regions where there is pronounced interaction between surface and groundwater. The two regimes are 

therefore well-linked and should be integrated to manage any water-related issues in these catchments. 

Regional drainages can be generally classified as influent or gaining stream systems. Groundwater head 

elevation compared to topographical elevation confirms that there exists groundwater discharge as baseflow to 

local drainages.  

 

Figure 17: Illustration of the Unsaturated Zone (Fetter and Kreamer, 2023). 

 HYDRAULIC PARAMETERS 

To follow is a brief overview of aquifer hydraulic parameters based on published literature for similar 

hydrogeological conditions as well as historical reports. 

 HYDRAULIC CONDUCTIVITY AND TRANSMISSIVITY 

Hydraulic conductivity is the constant of proportionality in Darcy's Law which states that the rate of flow through 

a porous medium is proportional to the loss of head, and inversely proportional to the length of the flow path 

as indicated in the following equation:  

Equation 1: IȅŘǊŀǳƭƛŎ /ƻƴŘǳŎǘƛǾƛǘȅ ό5ŀǊŎȅΩǎ [ŀǿύΦ 

 

 

where: 

K         = Hydraulic Conductivity (m/d). 

Q        = Flow of water per unit of time (m3/d). 

╚ 
╠

═▀▐
▀■

 

mk:@MSITStore:C:/Users/Ferdinand/Desktop/Dictionary.chm::/introduction_darcy_s_law.htm
mk:@MSITStore:C:/Users/Ferdinand/Desktop/Dictionary.chm::/introduction_head.htm
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dh/dl  = Hydraulic gradient.   

A         = is the cross-sectional area, at a right angle to the flow direction, through which the flow occurs (m2) 

The hydraulic conductivity of igneous formations such as evident on site can range from 10E-05 ς 10E-02 m/d. The 

hydraulic conductivity of fractured igneous rocks (i.e. dolerite) varies between 10E-06 ς 10E-01m/d, while 

conductivity values for un-fractured igneous rocks (i.e. fresh dolerite sill) ranges between 10E-09 ς 10E-06 m/d.  

It should be noted that the hydraulic conductivity of fault zones traversing the greater study area may be orders 

of magnitude higher than the matrix formations and will act as preferred pathways for groundwater flow and 

contaminant transport. The hydraulic conductivity of quaternary deposits and alluvial pockets associated with 

the drainage system i.e., riverbed aquifers can be orders higher and can vary between 10E-02 ς 10E+01 m/d as 

depicted in Figure 18 (Freeze and Cherry, 1979).  

Transmissivity can be expressed as the product of the average hydraulic conductivity  (K) and  thickness (b) of 

the saturated portion of an aquifer and expressed by:   

Equation 2: Transmissivity. 

 

 

where: 

T = Transmissivity (m2/d). 

K = Hydraulic Conductivity (m/d). 

b = Saturated aquifer thickness. 

Data interpretation from recent constant discharge pump tests conducted indicate average transmissivity values 

ranging between 0.50 to 1.50m2/d (Groundwater Complete, 2025). 

 

Figure 18: Typical hydraulic conductivity values for on-site hydrostratigraphical units. 

 STORATIVITY 

Storativity refers to the volume of water per volume of aquifer released as a result of a change in head. For a 

confined aquifer, the storage coefficient is equal to the product of the specific storage and aquifer thickness. 

╣ ╚╫ 

mk:@MSITStore:C:/Users/Ferdinand/Desktop/Dictionary.chm::/introduction_hydraulic_conductivity.htm
mk:@MSITStore:C:/Users/Megan/Documents/M.Sc%20Geohydrology%20Thesis%20M%20Hill/Class%20notes/GHR%20611/Dictionary.chm::/introduction_confined_aquifer.htm
mk:@MSITStore:C:/Users/Megan/Documents/M.Sc%20Geohydrology%20Thesis%20M%20Hill/Class%20notes/GHR%20611/Dictionary.chm::/introduction_specific_storage.htm


   

1693 IWWMP 44 

Typical storativity values for fractured rock systems is in the order of 10E-05 ς 10E-03 (Freeze and Cherry, 1979). 

Storativity values of the shallow, weathered aquifer will be slightly higher i.e., 10E-02. 

 POROSITY 

Porosity is an intrinsic value of seepage velocity and hence contamination migration. Porosity is an intrinsic value 

of seepage velocity and hence contamination migration. The porosity of fractured igneous formations ranges 

between 0.1% ς 1%, while porosity of weathered formations can range between 3% to 10% depending on the 

nature and state of weathering. The intrinsic porosity of primary aquifers i.e., alluvial deposits can be as high as 

15% depending on the nature of sorting (Freeze and Cherry, 1979). 

 RECHARGE 

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

in Table 14. Groundwater recharge was calculated using the RECHARGE Program1 (van Tonder and Xu, 2000), 

which includes using qualified guesses as guided by various schematic maps. The following methods/sources 

were used to estimate the recharge: (i) Chloride Mass Balance (CMB) methodology (refer to Figure 19, Figure 20 

and Figure 21) 

Table 14: Recharge estimation (after van Tonder and Xu, 2000). 

Recharge method/ Reference Recharge (mm/a) Recharge (% of MAP) Weighted Average    

(High = 5; Low = 1) 

Chloride 25.58 3.75 4.00 

Geology 34.10 5.00 1.00 

Vegter 45.00 6.60 2.00 

ACRU 30.00 4.40 3.00 

Baseflow 25.00 3.67 4.00 

Published literature 24.50 3.59 3.00 

Weighted average 28.82 4.23 17.00 

Notes: Recharge per annum were calculated using a MAP of 682.0mm/a. 
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Figure 19: Chloride Mass Balance (CMB) method summary. 
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Figure 20: Groundwater recharge distribution in South Africa (After Vegter, 1995). 

 

Figure 21: Harvest potential distribution in South Africa (DWS, 2013). 

 






























































































































































































































































