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SYNOPSIS 

This document details a surface water assessment for the Impumelelo Colliery, a proposed 
underground coal mine located to the south of Secunda to be mined by Sasol Mining.  The 
proposed mining will be bord-and-pillar with stooping (high extraction mining). 

The area is characterised by several streams, and the potential for impacting on these primarily 
through stooping is significant.  The proposed mining area is also within the Vaal Dam catchment. 

The key issues identified are summarised as follows: - 

▪ Disturbance of surface drainage 

The mine coal handling infrastructure is located on the watershed, so that drainage lines are 
not directly affected by the infrastructure, with the exception of a small ephemeral drainage 
line that will be used for the dirty water dam.   

Stooping or high extraction represents the single greatest risk in terms of surface drainage 
since there is the likelihood of settlement on surface and cracking of the overburden hard rock 
material.  To minimise the potential impacts, the area has been characterised in terms of soil 
cover thickness to determine high risk areas for stooping (rocky outcrop).  The mine has 
reduced the proposed stooping areas to minimise the impacts on the high risk areas as 
follows: -   

• No stooping will be undertaken under the river systems (within the 1:50year floodline 
or 100m from the watercourse whichever is the greater)  

• Areas of rocky outcrop.   

• Areas of infrastructure are also excluded. 
These areas reduce the total area available for high extraction to 80% of the total mining 
area. 

▪ Preventing impacts on water quality – managing the water balance 

Average rainfall 

The mine is planning to commence with high extraction early in the life of the mine.  As a result, 
inflows are predicted to increase relatively quickly, reaching some 2000m3/day within the first 5 
to 6 years, and peaking at around 12000 to 15000m3/day towards the end of mining.   

The water use requirements of the mine are around 210m3/day for dust suppression, being 
dust suppression underground, as well as at the coal handling infrastructure on surface.  Water 
will also be lost underground through the ventilation system as well as with the coal removed 
from the mine, with some 1100m3/day predicted to be lost based on 10 sections mining.  These 
losses will however, vary over the life of the mine, with ventilation losses for example expected 
to be less initially. 

Water will also be used in the coal mining equipment, with the water being softened before use.  
However, almost all of this water will be recycled and is not considered a net loss. 

While storage opportunities exist underground as mining proceeds, these are only expected to 
become available around 2023/2024.  The net management of rainfall is thus expected to 
involve the following: - 

- During the initial shaft sinking, there will be surplus water make that will be pumped to the 
Dirty Water Management Dam. 
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- For the first 4 years of mining it is expected that there will not be a surplus, with water 
having to be supplied to the mine for the Continuous Miners (CMs), and make up water 
added to the overall water circuit. 

- From approximately 2018, the mine will develop a surplus.  Up until 2023 / 2024, this 
surplus will increase, eventually totalling some 2000 to 2500m3/day.  To be able to store all 
of this water would require some 3,2million m3.  There is no suitable site close to the mine 
for such a large storage facility.  It is therefore proposed to implement limited treatment of 
water to a standard suitable for use or discharge.  Since the treatment is only required for a 
period of around 7 years, this will be a small mobile treatment facility that can be relocated.  
At this stage, it is planned that a 2000m3/day plant will be constructed to be operational by 
2018, subject to review of the water balances and the availability of storage underground. 

- From 2023 / 2024, water will be stored in compartments underground made available 
through the mining out of the coal seam.  As far as possible these have been planned to be 
downstream of the conveyor access areas, but seals will probably be required at each of 
the areas.  For safety reasons, the head that will be allowed to develop on these plugs will 
be limited by means of pressure release valves or similar mechanisms. 

- Based on a treatment rate of up to 2000m3/day, a storage of 400 000m3 will be required to 
manage average rainfall. 

A commitment is given to review the water balance and water management strategy 
progressively, and to implement treatment to “fitness for use” as and when required.  

Extreme rainfall 

Extreme rainfall can result in peak monthly inflows significantly greater than the average 
water make, and storage is required to prevent spilling under these conditions.  For the 
period up to 2023/24, the surface pollution control dam of 800 000m3 will be required for a 
2% or less risk of spilling. 

After 2023, storage underground in addition to the surface storage is expected to be 
adequate to allow a 2% risk of spilling in any one year. 

Limiting impacts on water quantity – loss in yield 

It is conservatively estimated that a loss in yield of some 0,3% could result to the Vaal Dam 
catchment from this mining development.  This will be offset for a period of time through the 
treatment of water and likely discharge to the catchment of clean water, although this has 
still to be confirmed subject to the EIA for the Water Treatment Plant. 

Post closure 

Post closure, a water make of some 12 000 to 15 000m3/day is predicted.  Under normal 
conditions, it would take around 27 years for the water levels in the mine to full the 2 seam 
workings, and a further 64years to reach decant level.  However, it is expected that some 
50% of the mine’s available storage will be utilised by the end of mining, while roof collapse 
could also affect the available storage volumes underground.  The predicted time to decant 
is thus estimated to be some 30 to 85years post mining, the range being due to the 
possible impact of collapse within the mined out area. 

Decant will most likely be managed by treating the water to potable water quality. 
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PPAARRTT  11::  LLEEGGIISSLLAATTIIVVEE  AASSPPEECCTTSS  

 
1.1 REGULATORY REQUIREMENTS 

 
The legal basis for the EMPR is discussed in the main document.  Those relevant to water 
are given in Section 1.3.  However, the key acts involved in the surface water assessment 
include the following: - 

• The Mineral Petroleum Resource Development Act, Act 28 of 2002 (hereafter 
referred to as MPRDA, 2002) refers to specific acts related to water management. 

• National Environmental Management Act, Act 107 of 1998 indicates the need for 
sustainable development. 

• National Water Act 36 of 1998 forms the basis for the surface water management. 

 
1.2 PROCESS  

The process is dealt with in the main EMPR 
 

1.3 APPLICABLE LEGISLATION, POLICIES AND / OR GUIDELINES 

Applicable legislation relevant to surface water is given in Table 1.3. 
 
Table 1.3: Applicable legislation, policies and / or guidelines 

TITLE OF LEGISLATION, POLICY OR GUIDELINE: ADMINISTERING AUTHORITY: DATE: 

National Water Act, 

Act 36 of 1998 

(NWA, 1998). 

Department of Water Affairs 

and Forestry (DWAF) 
Act 36 of 1998 

Government Notice (GN) 704, dated June 1999, 

under the NWA, 1998. 

Department of Water Affairs 

and Forestry (DWAF) 
June 1999 

General authorisations under the NWA 1998: 

GN 398, dated March 2004 

Department of Water Affairs 

and Forestry (DWAF) 
March 2004 

General authorisations under the NWA 1998: 

GN 399, dated March 2004 

Department of Water Affairs 

and Forestry (DWAF) 
March 2004 

DWAF best practice guidelines (operation guidelines) 
Department of Water Affairs 

and Forestry (DWAF) 
August 2006 
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PPAARRTT  22::  DDEETTAAIILLSS  OOFF  TTHHEE  AAPPPPLLIICCAANNTT  AANNDD  EENNVVIIRROONNMMEENNTTAALL    

AASSSSEESSSSMMEENNTT  PPRRAACCTTIITTIIOONNEERR  

 
2.1 CONTACT DETAILS OF THE APPLICANT  

These are given in the main document. 

2.2 DETAILS OF THE ENVIRONMENTAL ASSESSMENT PRACTITIONER 

Clean Stream Environmental Consultants (CSEC) was appointed by Sasol Mining to 
compile this Environmental Management Programme (EMP) (including Environmental 
Impact Assessment (EIA)) for the proposed Impumelelo project.  The work is being 
undertaken in accordance with the requirements of the Mineral and Petroleum Resources 
Development Act, Act 28 of 2002, (MPRDA, 2002), the Mineral and Petroleum Resources 
Development Regulations (MPRDR), dated 2004 as well as the National Environmental 
Management Act, Act 107 of 1998 (NEMA, 1998), and the EIA Regulations, dated April 
2006. 

Jones & Wagener were appointed as sub-consultants to address the surface water 
components of the EMP, including integrating the surface and groundwater makes into an 
overall water balance. 

 

NAME JONES AND WAGENER (PTY) LTD 

Postal address: P.O. Box 1434, Rivonia, 2128 

Contact person(s): Chris Waygood Mike Palmer 

Tel: (011) 519 0200 

Fax (011) 519 0201 

E-mail: waygood@jaws.co.za palmer@jaws.co.za 

 
A summary of the Curriculum Vitaes (CV’s) of the Environmental Practitioner(s) and a list 
of projects completed are available on request. 
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PPAARRTT  33::  DDEESSCCRRIIPPTTIIOONN  OOFF  TTHHEE  PPRROOJJEECCTT  

 
The overall project is described in the main EMP.  Aspects relevant to the surface 
water component are detailed below. 
 

3.1 THE SURFACE INFRASTRUCTURE 

 
3.1.1 THE MINE PLAN 

The mine layout used for the assessment of the overall water balance is shown in 
Figure 3.1.1(a) and (b) for reference purposes. 

 

Figure 3.1.1(a) – Mine plan used for water balance layout; 2 seam mining. 
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Figure 3.1.1(b) – Mine plan used for water balance layout; 4seam mining. 

 
3.1.2 SUBSIDENCE 

Subsidence is of particular importance in terms of the overall water balance, since not 
only do the areas of subsidence result in increased groundwater make through 
dewatering, but also increased surface ingress. 

3.1.2.1 Expected location, extent and depth of surface subsidence 

The mine is planning to undertake high extraction at all of the mining areas with the 
exception of the following: - 

• No stooping or high extraction will occur under the river systems (within the 
1:50year floodline or 100m from the watercourse whichever is the greater).  Note 
that this applies to all major streams; for small ephemeral or non-perennial 
drainage lines, the 1:50year floodline will be used. 

• Areas of rocky outcrop because of both the sensitivity of some of these areas, and 
the potential for exposed cracking on surface with associated larger inflows.   

• Areas of infrastructure are also excluded. 

These areas reduce the total area available for high extraction to 80% of the total 
mining area. 

Planned areas to be excluded from high extraction are shown in Figure 3.1.2.1(a).   
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Figure 3.1.2.1(a) – Areas excluded from high extraction 
Note:  

• Red lines indicate areas of rocky outcrop as mapped from aerial photographs. 

• Blue lines indicate floodlines 

The ground proofing of the mapping from aerial photographs has still to be undertaken 
– this would form part of the management activities during the operational phase. 

3.1.2.2 All drainage paths that may be affected by surface subsidence 

These areas are shown in Figure 3.1.2.1(a) and will be excluded from high extraction.  
Mining by means of bord and pillar will be undertaken, and the risk of settlement is 
discussed later.  

3.1.3 SOURCES OF WATER 

3.1.3.1 Process water 

Coal processing will be limited to some crushing and screening prior to the coal being 
placed on conveyors.  No washing or other beneficiation will be undertaken on the site.  
Water will be obtained from underground for use in dust suppression.  

In terms of supplying the Continuous Miners (CMs), water will initially be supplied from 
Brandspruit, and will be available for use as make up water as and when required.  
This water will be water from the mining activities at Brandspruit. 

Floodlines 

Rocky outcrop 
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3.1.3.2 Potable water 

Potable water will also be supplied from Brandspruit Mine.  If a water treatment plant is 
constructed by 2018, the likelihood is that potable water will be supplied from the water 
treatment plant. 

3.2 SOLID WASTE WATER MANAGEMENT 

Solid waste has the potential to impact on surface water.  The waste management 
proposed for the site is discussed below. 

3.2.1 INDUSTRIAL WASTE DISPOSAL (EXCLUDING MINE WASTE) 

Industrial waste to be managed on the site includes oily wastes from the workshops 
and servicing areas, petroleum products (although spillage is expected to be 
negligible), various cleaning materials used in the workshops, tyres and other related 
materials used either in the mining equipment or in maintaining such equipment. 

All hazardous waste will be removed by a contracted waste company, with disposal to 
a licensed landfill, most likely Holfontein. 

3.2.2 DOMESTIC WASTE DISPOSAL 

Domestic waste will include general office waste such as paper and other degradable 
materials, light bulbs including fluorescent tubes, and electronic waste. 

General waste will be disposed of off site to a licensed facility, while electronic waste 
and fluorescent tubes will be removed of by an appropriate licensed waste company. 

3.2.3 MINE RESIDUE DISPOSAL 

There will be no coal residue disposal at the Impumelelo facilities.  Coal will not be 
washed or beneficiated on site.  However, coal will be crushed and screened prior to 
be loaded on to the conveyor system, and carbonaceous waste from this process will 
be placed back underground. 

3.3 WATER POLLUTION MANAGEMENT FACILITIES 

The following water pollution management facilities are planned. 

3.3.1 DOMESTIC WASTEWATER MANAGEMENT  

Provision has been made for a sewage plant on site.  This will be a package plant such 
as a Prentec Plant or similar approved.  Details will be supplied in the Water Use 
Licence and are given briefly in subsequent sections. 

3.3.2 STORMWATER MANAGEMENT  

Being an underground mine, the areas of disturbance on surface are limited, with coal 
being transported primarily by conveyor.  The infrastructure and associated 
management is discussed below. 

3.3.2.1 Stormwater management in dirty areas 

A layout of the proposed infrastructure at the shaft is shown in Figure 3.3.2.1(a).   
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Figure 3.3.2.1(a) – Stormwater infrastructure 

Current planning is for the following to be present at the main inclined shaft: - 

• An overburden dump, being material excavated from the shaft potentially 
carbonaceous in nature. 

• A coal bunker used for the primary storage of coal prior to placement on to 
the overland conveyor. 

• An emergency coal storage area in the event that there is mechanical failure 
or associated difficulties with either the conveyor or the coal bunker. 

• Workshops and storage areas for industrial wastes including oils, tyres and 
related equipment.  These areas have the potential for spillage of hazardous 
materials, and include washing bays. 

All of the above will be contained within the dirty water areas by means of canals 
draining to a silt trap, which will in turn spill to the Dirty Water Dam. 

Note that, at the transfer stations there is the potential for coal spillage, and small 
pollution control dams are proposed for these areas as well. 
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3.3.2.2 Storm water management in clean areas 

Areas such as the parking areas, office areas and other related infrastructure that 
represents a low to negligible risk to the environment in terms of surface water will 
have runoff drained back to the clean catchment via a small sampling dam.  This 
dam serves both to allow sampling of the quality of runoff, as well as the opportunity 
for a preventative skimmer in the event of any unexpected spillages. 

3.3.2.3 Surface topography after rehabilitation (Post-closure) 

During the operational phase, the infrastructure and overburden dump will be visible 
on surface.  Post – closure, it is planned to use the overburden dump material to 
close up the shaft, while coal processing infrastructure will be removed if it cannot 
be re-utilised for agriculture or some suitable purposes in line with the final land use.  
Thus the topography around the shaft area will be largely returned to the pre-mining 
land form. 

At areas of high extraction, some subsidence is possible.  While the impacts of this 
are assessed in this document and commitments made to make these areas free-
draining as far as is practical, it is not intended to backfill any subsidence so that it 
returns to the original topography. 

3.3.3 POLLUTION CONTROL FACILITIES 

3.3.3.1 General description of dams and ponds 

The following pollution control facilities are planned: - 

• The Dirty Water Dam, located at the main inclined shaft area.  The capacity 
of this dam will be 800 000m3. 

• A sediment trap will be located upstream of the main Dirty Water Dam. 

• A small sampling pond will be located downstream of the clean water system 
to allow for sampling of runoff from this area. 

• A small dam (10 000m3) will be provided at the transfer stations to control 
affected runoff and spillage of water that may occur in these areas. 

3.3.3.2 Safety aspects 

The main Dirty Water Dam will be classified in terms of the Dam Safety Legislation.  As 
such, the design and construction will require the supervision of a suitably experienced 
Approved Professional Person in terms of the National Water Act, as well as requiring 
approval by the Department of Water and the Environment at various stages of the 
project. 

Other safety aspects will include the provision of warning signs at the dam as to the 
dangers of drowning, warnings against drinking of the water and provision of 
emergency flotation devices.  Access in and out of all water retaining structures will be 
ensured by means of ramps or ladders (where ramps or slopes cannot be provided). 

3.3.3.3 Sizing of dams 

The sizing of the main Dirty Water Dam is detailed under the Water Balance.  However, 
key features are summarised overleaf. 
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3.3.3.3.1 Legislation 

The dam is sized to have a 2% risk of spilling in any one year in line with the 
National Water Act.  However, the dam is only part of the overall water management 
strategy, and as such the risk of spilling is dependant on several other components 
of the water management system, including: - 

▪ The actual water make as opposed to the theoretical predicted water make.  
A commitment is made to calibrate the water model once data is available 
from the site. 

▪ The installation of a 2000m3/day water treatment plant to address a period of 
some 7 years where there will be a water surplus without storage available 
underground. 

▪ The availability of storage underground compared to the theoretically 
predicted storage available.  A commitment has been made to review the 
availability of storage on a regular basis, but as a minimum whenever the 
mine plan changes or storage conditions are found to differ from those 
assumed at the planning stage. 

3.3.3.3.2 Assumptions 

The assumptions used in the overall water balance model are set out this document.  
These include aspects such as the following: - 

▪ The overall mining plan (given earlier in this section).  It is likely that this plan will 
change as the mine develops and more information is obtained on the actual 
geology as opposed to that predicted at the planning stage. 

▪ Areas where stooping will not be undertaken (also give earlier in this section).   

▪ The water use and water losses are assumed based on information collected 
from previous mining in the Secunda area.  These will need to be refined as data 
becomes available. 

▪ The surface and groundwater inflows are predicted based on geohydrological 
and surface runoff models, with the geohydrological information provided by 
Groundwater Complete.   

By their very nature, models are theoretical estimates of natural phenomenon 
that are too complex to be derived exactly.  It is inevitable that there will be 
variations in the actual flows compared to the predicted flows that can only 
addressed by recalibration of modelled data with measured data, from which 
more reliable estimates of extreme and average water make can be developed. 

3.3.3.3.3 Rainfall and evaporation inputs 

The rainfall and evaporation inputs are discussed in the section on water balance 
modelling. 

3.3.3.4 Technical design of the proposed dam(s) 

The Dirty Water Dam will be based on the principles set out below.  However, the 
detailed geological investigations required have still to be completed which may result 
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in changes to the final design.  Any changes will be incorporated into the Water Use 
Licence application. 

3.3.3.4.1 Design parameters 

The dam will have a capacity of 800 000m3 to ensure a 2% risk of spilling over the 
first 10years of mining, with a 2000m3/day plant constructed by the summer of 
2017/2018, and operating for some 7years.  Based on the site, it is estimated that 
the dam will have a 12m high wall. 

Note that the option of increasing the water treatment rate to reduce the dam 
capacity was investigated.  It was found that installing a 3000m3/day plant would 
result in a 400 000m3 dam.  However, the wall height would only reduce by around 
2,5m, and the cost saving on the dam cost is estimated to be of the order of 
R6million, while the additional cost on the water treatment plant would be roughly 
double that. 

3.3.3.4.2 Embankments 

It is proposed to construct the dam as an earth embankment using a clay core with 
riprap lining on the upstream side of the wall.  Numerous similar dams have been 
constructed by Sasol Mining for the opencast and underground mining activities in 
and around the Secunda area. 

3.3.3.4.3 Seepage and siltation minimisation 

Two silt traps will be provided on the upstream side of the Dirty Water Dam.  The 
intention is that these will be large enough to not require cleaning over the life of the 
mine. 

The potential for seepage will be assessed during the detailed geological 
investigation.  Ideally the dam will have a central key down to bedrock with provision 
for seepage collection on the downstream toe as and where required. 

3.3.3.4.4 Inlets 

Inflow to the dam will be via the silt traps on the upstream side of the dam, with water 
gravitating into the dam basin. 

3.3.3.4.5 Emergency overflow 

The dam will be classified, probably as a Category 2 dam, with the spillway designed 
for the appropriate capacity, including allowance for wave surge and run up and the 
freeboard required to pass the Design Flood and the Safety Evaluation Flood. 

 

3.3.3.5 Monitoring 

Monitoring will be undertaken upstream (where practical) and downstream of the dirty 
water facilities.  Monitoring is detailed in Chapter 8. 

3.3.4 POLLUTED WATER TREATMENT FACILITY 

Treatment of mine water is envisaged for the project, as discussed below. 

3.3.4.1 Mine / process water treatment 

Two forms of treatment are expected to be required during the life of the project, 
namely: - 

- To facilitate use of water generated during mining in the continuous miners, 
provision has been made for the use of sand filters as well as some possible 
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softening (such as lime softening), depending on the hardness of the dirty 
water on the mine.   

- Although the mine is aiming to minimise the volumes of dirty water to be 
managed on surface by re-use of affected water and storing water 
underground where practical, it is expected that from around the summer of 
2017/18 to 2024 as well as some 13 to 15years after closure, water treatment 
will be required to allow either discharge of the water, or to render it suitable 
for re-use (e.g. potable water quality).  It is likely that this will require a 
Reverse Osmosis (RO) process of precipitation / concentration by membranes 
/ precipitation similar to the Emalahleni Water Treatment Plant or the plant at 
Sasol Synfuels, but with the expected presence of sodium likely to result in 
significant quantities of brine to be managed.   

The need for RO or similar techniques is discussed in terms of the water balance.  
Note that, should such a plant be constructed, it will require a full Environmental 
Impact Assessment, which will include detailing of the processes and management 
of the waste streams. 

3.3.4.2 Sewage water treatment 

There will be no accommodation provided at the Impumelelo site, and sewage 
treatment is only required for the staff during working hours.  The number of staff 
expected to be on site on a daily basis will be as follows: - 

The anticipated loading from the administration building, change houses and 
workshops is around 190m3/day with a peak flow of nearly 4 times this volume. 

A batch plant is proposed for the sewage, probably similar to the Prentec system, 
and this will be addressed in the Water Use Licence application. 

The plant will include the following 

 Inlet works comprising screening facilities and emergency bypass 
facilities. 

 A batch reactor tank in which organic constituents will be biologically 
oxidised, and in which mixing and aeration occur.  A mechanical 
surface aerator will be on the batch reactor tank, either floating or 
fixed. 

The tank will typically be decanted 3 times a day when the volume reaches 
a predetermined level, using a fully automated system to manage water 
levels and quality. 

 Clarifying and chlorination of water will occur prior to discharge of the 
water, the water being discharged to the water management dam for reuse 
in dust suppression. 

Sludge facilities will be used to store and dry the sludge, the material being 
discharged from the clarifier as and when required.  The sludge is then 
dried and eventually disposed of as per the licence requirements. 
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3.3.5 WATER AND SALT BALANCES 

3.3.5.1 Water balance 
 
The water balance calculation method is described below: 
 
Rainfall data 
 
The water balance modelling approach used historical daily rainfall data from gauges in 
the area.  The rainfall data from Langsloot was evaluated as having reliable data, 
together with reasonably representative extremes for the duration of sampling.  The 
gauge is located close to the site, and has a rainfall record from 1914 to 1998.  The 
data was augmented by data from Secunda.  A motivation for the use of this rain data 
is given in the baseline discussion on rainfall. 

Note that there is no right or wrong rainfall gauge to utilise for the various hydrological 
inputs to the EMP.  The Langsloot gauge has extreme rainfall data that make it useful 
for the water balance modelling. 

Computational methodology 
 
The methodology used is detailed in the text box below.  
 
Modelling methodology 

 

The daily rainfall files were input to a hydrological model based on the Soil Conservation 
Services method to determine runoff on a daily basis using antecedent conditions.  The 
method (as adapted to South Africa by Schmidt and Schulze) is believed to be highly 
suitable to the site, having been developed in catchments of around 8 km2 and agricultural 
areas.  Note that while the underground disturbance area is significantly greater than this 
area, the surface infrastructure area is not. 

The groundwater inflows were derived by Groundwater Complete.  These rates of inflow 
are then brought into the J&W model, where extreme rainfall impacts, and surface water 
make can be assessed.  Options for storage within the mined out area was also evaluated 
by Groundwater Complete. 

From this, the water use/storage requirements to have a 2% or less risk of spilling can be 
computed. 

3.3.5.1.1 Water make 

The combined average water make due to the mining activities is given in Figure 
3.3.5.1.1(a) over the life of the mine showing the predicted seasonal variation.   
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EMP Analysis Impumulelo - June 2009 - Impumulelo -  Rainfall record used - Average
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Figure 3.3.5.1.1 (a): Graphical water balance for average water make during the 

operational and post closure phases of mining showing 

seasonal variations 

Note that these values exclude the surface water make, and are the water make 

from underground only.  Please also note that the groundwater inflows have 

been predicted to vary from those given above to as much as 20 000m3/day by 

closure. 

It is important to note that the average water make is significantly affected by the extent 
of high extraction.  Currently it is expected that some 80% of the area will have been 
mined by high extraction by the end of the life of mine.   

The development of high extraction on both the 2 seam and 4 seam has been 
averaged based on excluding river systems, areas of rocky outcrop on surface, as well 
as key surface infrastructure such as housing and roads.  

A schematic of the water balance is given in Figure 3.3.5.1.1(b), indicating the average 
water make over the life of the mine from the various components, including surface 
water make. 
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Figure 3.3.5.1.1 (c): Schematic average water make over the life of the mine 
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Note that the schematic includes water management strategies as discussed 
in subsequent sections 

3.3.5.1.2 Water make with dewatering and storage in the workings 

Dewatering in this context refers to the need to remove water from previously 
mined areas when remining old workings.  There are no existing workings to 
be dewatered at Impumelelo.   

The coal floor contours for the area are shown in Figure 3.3.5.1.2(a) also 
indicating the potential storage areas. 

 

Figure 3.3.5.1.2 (a): Coal floor contours for the area on 2 seam (ref Groundwater 

Complete) 

 
The use of storage underground is widely used to minimise the volumes of 
water to be managed on surface.  The logic for this strategy includes the 
following: - 

• Mining will form significant voids underground, which can be used to the 
advantage of the water management strategy. 

• Flooding the workings where practical is advantageous in terms of 
excluding oxygen and reducing the oxidation of pyrites. 

However, there are issues around safety and cost where plugs need to be 
constructed to utilise the storage, and there is also a need for mining to have 
progressed sufficiently to make the storage available. 

The anticipated available storage is given in Table 3.3.5.1.2(a) based on 
storage on the 2 seam only. 
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Table 3.3.5.1.2(a) – Expected storage availability within the underground 
workings on the 2 seam 

Year 

Net 
storage 
(m3) 

Cumulative 
storage 
(m3) 

2023 11050000 11050000 

2027 5250000 16300000 

2031 13600000 29900000 

2035 11650000 41550000 

2040 18045000 59595000 

2045 60000000 119595000 

If average rainfall is used, then the net use of storage will be as given in 
Figure 3.3.5.1.2(b).  Note that the storage on surface will be dependant on the 
strategy adopted, and this is again discussed subsequently. 

Graph of total storage  - Impumulelo - June 2009 ; Analysis period from 2014 ;EMP Analysis
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Figure 3.3.5.1.2 (b): Graph of the expected use of storage in the workings over the 

life of the mine (average rainfall) over the life of the mine 

Note that additional storage becomes available at mine closure which is not 
shown in the Figure since the scale becomes too small.  However, based on 
the above, the 2 seam mine workings will be close to 50% full of water by 
mine closure. 

Figure 3.3.5.1.2(b) indicates that: - 

- Should the mine be able to get through to 2024 in terms of water make, 
sufficient storage should be available underground based on the 
estimates made, right through to closure. 

- However, there are periods when the available storage and required 
storage are relatively close, and during these periods there is the 
potential for a water surplus associated with wetter than average or 
extreme rainfall water make. 
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The impact of using this storage on the net water make is shown in Figure 
3.3.5.1.2(c) in terms of the net water make from the mine. 

Graph of Mining water make with dewatering  - Impumulelo - June 2009 ; Analysis period from 2014 ;EMP 
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Figure 3.3.5.1.2 (c): Net water make from the workings utilising storage in the 

underground workings 

3.3.5.1.3 Water use 

The water use on the mine is estimated to be as follows: - 

 Water will be lost with the coal mined.  The net loss is estimated to be 
around 770m3/day based on 10 sections mining at any one time. 

 Dust suppression within the underground mining operations.  The net 
loss is estimated to be around 150m3/day underground, with additional 
losses on surface of around 100m3/day. 

 Water will be lost within the ventilation system, through air picking up 
moisture after passing through the mine workings.  The net loss is 
estimated to be around 330m3/day, again based on the ventilation 
required for 10 sections. 

The above water use volumes are based on previous experience with mining 
operations, but a commitment is given under monitoring to review the volumes 
used during the mining operation as the mine develops, from which 
adjustments to the water management strategy can be made.   

The net water make after water use is shown in Figure 3.3.5.1.3(a).  Note that 
as discussed subsequently, water treatment has been included to allow for 
management of the water for the period up to 2023/24 when storage becomes 
available underground.  The estimated treatment rate is of the order of up to 
2000m3/day, with the requirement progressively increases with time up to 
2024.  The usage also includes abstraction from the Dirty Water Dam for the 
continuous miners. 

 
 

Water added 
for CMs 

 
 
 

Water abstracted as 
make up water 
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Graph of water make versus usage  - Impumulelo - June 2009 ; Analysis period from 2014 ;EMP Analysis
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Figure 3.3.5.1.3(b): Net water make after water use, including extraction of water 

from underground storage to make up the shortfall. 

Note that, after 2024, water will be extracted from underground but purely to make 
up any shortfall in the water requirements. 

3.3.5.1.4 Management of the average rainfall surplus 

It is important to realise that if there is a net surplus water make for average 
rainfall, the required storage becomes significant very quickly.  For this 
reason, the target is to be able to manage the average water make, and then 
to provide storage for the above average rainfall events. 

From the previous sections, it is apparent that the greatest risk is during the 
first 10years of mining.  This is due to both expected early start of high 
extraction, and the possible unavailability of storage underground for the first 
10years of mining.  Without treatment the storage required to avoid spilling 
even for average rainfall is around 3,2 million m3 

Based on the expected mining and storage schedule, for average rainfall 
treatment will be required because it does not appear that provision of such a 
large volume on surface will be practical. 

Figure 3.3.5.1.4(a) indicates the performance of a surface water dam for 
average rainfall over the life of the mine.  The modelling takes account of the 
available storage within the mine as well as treatment at 2000m3/day from the 
summer of 2017/18 to 2024. 
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Graph of Dam 1 : Dam at shaft               - Impumulelo - June 2009 ; Analysis period from 2014 ;EMP 
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Figure 3.3.5.1.4(a): Surface Water Dam, life of mining, average rainfall only. 

 

The above indicates that for average rainfall and 2 000m3/day of usage, storage of 

around 400 000m3 is required. 

3.3.5.1.5 Management of dry periods 
 
The water make from the mining areas is expected to reduce during dry 
periods by around 20 to 30% of the average water make.   
 

3.3.5.1.6 Post-Closure water make 

Figure 3.3.5.1.1(a) indicated the seasonal variation in water make post 
closure from 2045 onwards.   

The predicted post closure water make is thus around 12000m3/day on 
average, with a summer inflow of some 22 000m3/day.  However, the 
geohydrology study has indicated that these values could vary significantly, 
possibly averaging 15 000m3/day, with an upper limit of as much as 
20 000m3/day. 

Under normal conditions, it would take around 27 years for the water levels in 
the mine to full the 2 seam workings, and a further 64years to reach decant 
level.  However, it is expected that some 50% of the mine’s available storage 
will be utilised by the end of mining, while roof collapse could also affect the 
available storage volumes underground.  The predicted time to decant is thus 
estimated to be some 30 to 85years post mining, the range being due to the 
possible impact of collapse within the mined out area. 

Decant will most likely be managed by treating the water to potable water 
quality. 
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3.3.5.1.7 Extreme Rainfall Events 

Analysis of peak inflows was undertaken by considering some of the historical 
extremes in the rainfall record. For this analysis it is relevant to consider 
shorter duration events (such as 5 year periods), since over longer periods 
rainfall tends towards the average. 

Figure 3.3.5.1.7 (a) below indicates the dam sizing required to avoid spilling, 
with a 2% risk of spilling in any one year for the period 2020 to 2024.  This is 
the greatest period of risk for the mine, just prior to storage becoming 
available underground. 

Graph of Dam 1 : Dam at shaft               - Impumulelo - June 2009 ; Analysis period from 2020 ;EMP 
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Figure 3.3.5.1.7(a): Surface Water Dam, life of mining with extreme rainfall. 

The modelling indicates that storage during the operational phase of some 800 000m3 is 
required allowing for one spill event for a rainfall event of around 1:50years.   

It is proposed to undertake the following: - 

 For the first 5 years, a dam with a capacity 400 000m3 has a 2% risk of spilling.  
However, this will require a dam of some 9m as opposed to a final wall height of 12m 
for the final dam.  It is therefore proposed to construct the final dam capacity of 
800 000m3 at the start of mining. 

 The water balance will be calibrated during mining allowing for future risks to be 
assessed, and the adequacy of the water management strategy as proposed to be 
assessed. 

 
3.3.5.2 Salt balance 

The salt balance is given below for the first 5 years.  The salt balance over the life of the 
mine is less than that given below because dewatering largely ceases from 2024 once the 
underground storage becomes available.  From 2017, water treatment will also remove 
salts from the system.  However, a more detailed salt balance will be compiled as part of 
the IWWMP as data becomes available during the operational phase. 
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Figure 3.3.5.2(a): Salt balance – first 5 years of mining. 

 
3.4 WATERCOURSE ALTERATIONS 

3.4.1 WATERCOURSES 

At the plant area, it is proposed to construct a water management dam within a small 
drainage line close to the infrastructure.  The use of this drainage line is motivated based 
on there being a limited upstream clean catchment after construction of the coal handling 
infrastructure. 

Other than the watercourse discussed above, no other watercourses are planned to be 
altered to facilitate mining. 
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PPAARRTT  44::  BBAASSEELLIINNEE  EENNVVIIRROONNMMEENNTTAALL  DDEESSCCRRIIPPTTIIOONN  

 
The baseline information is important for several reasons.  These include assessment of possible 
impacts and setting of objectives for closure.  However, for surface water, it is also important that 
the mine is able to identify other point sources that may be impacting on surface water so that the 
origin of any future impacts can be identified.   

 

AREA DEFINITION 

 Impumelelo mine 

boundary area 

This area includes the proposed Impumelelo mining area, which 

is approximately 1 990 ha in size. 

Study area 

In terms of surface water, the study area is the extent of the 

mining area but also extending downstream of the area to allow 

generation of floodlines from points where water will flow through 

critical depth, such as at culverts or other hydraulic constrictions. 

 Impumelelo land use area 

The Impumelelo land use area includes the proposed 

underground mining area, infrastructure, and surface land use 

areas associated with the proposed Impumelelo. 

Area of surface 

disturbance 

This refers to the area where the soil and vegetation will be 

physically disturbed due to proposed activities, i.e. the 

infrastructure associated with the workshops and office complex, 

Crushing and Screening Plants, and areas of high extraction.   

Dirty water management 

area 

The surface area where surface water will probably be impacted 

upon by mining activities and thus will be retained in order to 

prevent spillage to the catchment. 

 
4.1 CLIMATE 

In terms of surface water, key aspects are the rainfall, evaporation, runoff and infiltration.  
In terms of the water balance, the rainfall and associated infiltration are important drivers 
to determine the overall water balance.  

4.1.1 REGIONAL CLIMATE 

The regional climate is discussed in the main EMPR. 

4.1.2 MEAN MONTHLY AND ANNUAL RAINFALL 

The Daily Rainfall Extraction Utility, developed by the Institute for Commercial Forestry 
Research (ICFR) in conjunction with the School of Bio-resources Engineering and 
Environmental Hydrology (BEEH) at the University of KwaZulu-Natal, Pietermaritzburg, 
was used to obtain summary data for all rainfall stations within the vicinity of the proposed 
mine.  These data were assessed in terms of length of record, completeness of the data 
set, mean annual precipitation (MAP) and location with respect to the site and the 
catchment.  Key data extracted from the database for the three most reliable stations are 
shown in Table 4.1.2(a). The ICFR database contains daily patched rainfall data for all 
official South African Weather Service (SAWS) stations, and includes data up to August 
2000. 
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Table 4.1.2(a) – Key data for selected rainfall stations (ICFR database) 

Station Number Station Name 
MAP 

(mm) 
Length of Record 

0440 885 

0441 104 

0440 767 

Sandbaken 

Bosmanspruit 

Val (SAR) 

653* 

630 

623 

1909-2000 (92 years) 

1914-1975 (62 years) 

1905-1988 (84 years) 

* This MAP value differs from that given in Table 2.2(b) as it is based on a different record length. 

Mass plots were produced for each station.  A mass plot is a graph showing the 
cumulative rainfall depth vs. time for the full rainfall record, and is a good indication of the 
reliability of the data set.  A good mass plot should produce a straight line (with slight 
oscillations for seasonality).  Any changes in slope indicate a potential problem in the data 
set.  The mass plot for the Sandbaken station is shown in Figure 4.1.2(b). 

Rainfall Mass Plot over entire record Gauge =  0440885 Sandbaken from 1910 to 2001
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Figure 4.1.2(b) – Mass plot for Station 0440885 Sandbaken 

Based on its proximity to the site (approximately 13 km from the centre of the North Block 
area) and its reasonable length of reliable record, station number 0440885 Sandbaken 
was selected as the representative rainfall data set for the site and was used for the 
floodline computations.  Average monthly rainfall depths are presented in Table 4.1.2(b). 
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Table 4.1.2(b) – Average monthly rainfall depths for SAWS station 0440885 Sandbaken
 (based on the period 1910 to 2000) 

Month  
Average rainfall 

(mm) 

October 

November 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September 

75.1 

105.7 

104.7 

117.9 

90.8 

80.2 

36.6 

17.1 

6.8 

7.6 

8.3 

22.8 

Mean Annual Precipitation 673.6* 

 

4.1.3 MAXIMUM RAINFALL INTENSITIES 

4.1.3.1 Rainfall extremes 

There are several rainfall stations that can be used to look at extreme rainfall periods in 
the Secunda area, including Sandbaken.  Apart from the normal criteria of being 
statistically consistent, normally measured by considering the mass plot and ensuring it is 
linear, it is also important that the gauge have a long record, and within that record 
contain rainfall events that correspond to at least the 1:50year event, since the legal 
requirement is that a mine should not spill for events up to the 1:50year event, or a 2% 
risk of spilling in any one year.  The duration of the event can vary, and in most of the 
larger mines, the critical event is not 24 hour event but rather above average rainfall over 
a period of several months, typically with several extreme rainfall events occurring during 
the wetter than average period. 

The recorded 1 to 7day rainfall at Sandbaken is slightly less than for Langsloot as 
indicated below: - 

o Max recorded 24hour rainfall at Sandbaken = 140mm  
Langsloot = 175mm.   

o Max recorded 7 day rainfall at Sandbaken  = 202mm 
Langsloot = 212mm.   

While both records can be used statistically it was decided for the water balance 
modelling to use Langsloot as the gauge with slightly more extreme short duration rainfall.   

The data was also analysed to look at the wet cycles.  Extreme rainfall for the hydrological 
years seldom exceed 2 to 3 years in duration, with the longest “wet cycle” approximately 5 
years to peak.  The data is given in terms of moving averages relative to mean events in 
Figure 4.1.3.1(a).  ` 
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Rainfall expressed in proportion to the mean

SAWS Station 0478292 Langsloot
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Figure 4.1.3.1(a): Rainfall compared to the mean at Langsloot 

 
Note: Y axis is monthly rain expressed in proportion to the mean, the mean being a 

value of ‘1’ 

Wet or extreme periods used in the modelling include the rainfall experienced in: 
 1992 and following 5 years (Wettest) 

 1938 and following 5 years (Second wettest) 

 1951 and following 5 years (around the 75th percentile) 

 1932 and following 5years (Driest) 

 
4.2 SURFACE WATER 

This section defines the quantity and quality of the baseline surface water.  It was 
compiled by Jones & Wagener in conjunction with InterCiv (floodlines) and Cleanstream 
(sampling). 

4.2.1 SURFACE WATER QUANTITY 

The quantity of water under average and extreme rainfall conditions (wet and dry) are 
given below. 

4.2.1.1 Catchment boundaries 

4.2.1.1.1 General Description 

The proposed Impumelelo North Block is situated some 35 km south west of Secunda.  
The mining area is traversed by three main watercourses and their tributaries, namely the 
Grootspruit, Ouhoutspruit and Wolwespruit, as well as the upper tributaries of the 
Kaalspruit.  Each of these streams ultimately drains into the Waterval River, located on 
the eastern boundary of the proposed mining area. The locality of the mine is shown in 
Figure 4.2(a). 

The majority of the mining area is located within quaternary sub-catchment C12F, with a 
small portion in quaternary sub-catchment C12G of the Vaal primary drainage region 
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(Figure 4.2(b)) taken from “Surface Water Resources of South Africa – 1990” Vol II 
(Midgley, Pitman & Middleton, 1995) (WR90)).  The far north western corner of the 
proposed mining area is located in quaternary sub-catchment C21A of the Limpopo-
Olifants primary drainage region. 

The  Impumelelo North Block area includes portions of the farms Hartebeesfontein 522IR, 
Raskop 524IR, Kaalspruit 528IR, Boschmansfontein 523IR, Strybult 542IR, Holgatsfontein 
536IR, Wolvenfontein 534IR, Platkop 543IR, Carmona 536IR, Klipdrift 324IR, 
Hartebeestkuil 537IR, Weltevreden 580IR and Grootvley 579IR. 

The mining area drains to the Waterval River, which is a tributary of the Vaal River.  The 
mine is upstream of the Vaal Dam, and the Vaal River converges with the Orange River 
and finally discharges into the Atlantic Ocean on the west coast of South Africa. 

The various catchments and sub-catchments related to the Impumelelo North Block 
mining area are shown in Figures 4.2(b) and (c).   

The topography of the region comprises rolling grasslands and agricultural land, typical of 
the eastern Highveld.  The average catchment slope is 3-10%.  The watercourses are 
gently sloped (average slope of 1%) and mostly ephemeral, with wide valleys.  The major 
streams, namely the Waterval River, Ouhoutspruit, Wolwespruit and Grootspruit, are 
perennial.  

4.2.1.1.2 Receiving Water Body 

In terms of the catchment description, the receiving water body is an important concept.  
The receiving water body is the point below which the mine’s impact on the catchment is 
considered to be negligible.  This implies that aspects such as surface water users need 
only be defined down to the receiving water body. 

The receiving water body for the assessment of potential surface water quality impacts of 
the mine is taken as the Vaal River at the confluence with the Waterval River.   

The use of this location is motivated on the basis that: 

▪ By implication, potential impacts on the Vaal River will also be included in the impact 
assessment. 

▪ Further, by the time the water reaches the Vaal River, it is required to be suitable for 
use for all of the expected uses (drinking water, agricultural, industrial and aquatic 
ecosystems).  Thus, by achieving compliance in terms of these, no additional 
impacts are expected downstream on the Vaal River.  The receiving water body is 
relevant only in so far as it defines the aerial extent of the catchment to be 
considered in the impact assessment, and described in the baseline study. 

▪ Beyond the confluence with the Vaal River, the potential impact of the mine 
becomes extremely small due to the water volumes in the catchment and dilution 
effects. 

▪ In terms of impact assessment, the total area proposed to be mined is small 
compared to the Vaal River catchment.  The proposed mineral right area covers 
some 190 km2, compared to a catchment of approximately 18406 km2 for the Vaal 
River to the confluence with the Waterval River (or some 1.03% of the area).  

The MAR for the Vaal River at the Waterval River confluence is 1055.5 x 106 m³, 
while the MAR for the mine area is estimated at 13.61 x 106 m³. 

4.2.1.2 Mean Annual Runoff (MAR) 

The MAR for the various sub-catchments was computed using the WRSM2000 synthetic 
streamflow generation model.  This software utilises rainfall and evaporation data, 
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together with a number of parameters that characterise the catchment, to compute 
synthetic monthly streamflow data from monthly rainfall data.  The catchment parameters, 
as published in WR90 were used in the computations. 

The results of the modelling are shown in Table 4.2.1.2(a).  The catchments and nodes 
are shown in Figure 4.2.1.2(b). 
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Table 4.2.1.2(a) – Mean Annual Runoff (MAR) for the Impumelelo North Block mining 
area 

Node 
Catchment 

Area 
(km2) 

MAR 
(x106m3) 

% of MAR at 
Vaal River 

IN 1 12.2 0.84 0.08 

IN 2 12.4 0.86 0.08 

IN 3 10.9 0.75 0.07 

IN 4 897.9 62.83 5.95 

IN 5 38.6 2.69 0.25 

IN 6 0.36 0.03 0.00 

IN 7 14.5 1.01 0.10 

IN 8 0.93 0.06 0.01 

IN 9 0.62 0.04 0.00 

IN 10 1026.3 71.84 6.81 

IN 11 1043.3 73.01 6.92 

IN 12 80.4 5.63 0.53 

IN 13 23.6 1.64 0.16 

IN 14 55 3.84 0.36 

IN 15 2.9 0.20 0.02 

IN 16 10.8 0.75 0.07 

IN 17 38.9 2.71 0.26 

IN 18 6.98 0.49 0.05 

IN 19 19 1.34 0.13 

IN 20 1.14 0.08 0.01 

IN 21 2.4 0.16 0.02 

IN 22 1.2 0.08 0.01 

IN 23 3 0.20 0.02 

IN 24 6.8 0.47 0.04 

IN 25 17.5 1.22 0.12 

Note: IN = Impumelelo North as there is a potential southern mining block not addressed in 
this document. 

4.2.1.3 Dry weather flow 

In the absence of any streamflow monitoring, the conventional approach to compute 
the dry weather flow (also often termed “normal flow”) is to analyse the long term 
synthetic monthly streamflow time series in order to develop a flow-duration 
relationship.  An accepted definition of the dry weather flow in a stream is that flow in 
the stream that is equalled or exceeded for 70% of the time, a value which can readily 
be ascertained from an analysis of the flow-duration relationship. 

The dry weather flows (DWF) for the proposed mining area were determined using the 
WRSM2000 synthetic streamflow generation model.  Where possible, the DWF from 
WRSM2000 was correlated to the MAR and the values extrapolated to other 
catchments.  The computed dry weather flows (DWF) for the various sub-catchments 
(Refer to Figure 4.2.1.3(a)), are shown in Table 4.2.1.3(a). 
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Table 4.2.1.3(a) – Computed dry weather flows of the affected rivers at the 
Impumelelo North Block mining area. 

Node 
Catchment Area 

(km2) 

Computed DWF 
(x106m3 per month 

average) 

Computed DWF 
(l/s average over 

month) 

IN 1 12.2 0.00 0.00 

IN 2 12.4 0.00 0.00 

IN 3 10.9 0.00 0.00 

IN 4 897.9 0.09 34.72 

IN 5 38.6 0.00 0.00 

IN 6 0.36 0.00 0.00 

IN 7 14.5 0.00 0.00 

IN 8 0.93 0.00 0.00 

IN 9 0.62 0.00                 0.00 

IN 10 1026.3 0.10 38.58 

IN 11 1043.3 0.10 38.58 

IN 12 80.4 0.01 3.86 

IN 13 23.6 0.00 0.00 

IN 14 55 0.01 3.86 

IN 15 2.9 0.00 0.00 

IN 16 10.8 0.00 0.00 

IN 17 38.9 0.00 0.00 

IN 18 6.98 0.00 0.00 

IN 19 19 0.00 0.00 

IN 20 1.14 0.00 0.00 

IN 21 2.4 0.00 0.00 

IN 22 1.2 0.00 0.00 

IN 23 3 0.00 0.00 

IN 24 6.8 0.00 0.00 

IN 25 17.5 0.00 0.00 

Note: A flow of less than 0,01 x 106 m3 per month probably implies that the river in question dries out completely 
during the winter months.  This correlates to a flow of less than 10l/s 

4.2.1.4 Flood peaks and volumes 

Twenty-five points of interest, or nodes, were identified for peak flow calculations.  
These were located where streams enter and exit the mining area, and are indicated 
on Figure 4.2.1.4(a). 

Catchment areas and slopes were determined from the contour plan provided by the 
client, as well as the 1:50 000 series topographical maps (2628DB Willemsdal, 
2628DD Val, 2629CA Secunda and 2629CC Standerton). 

There are a multitude of methods for the determination of peak flows.  Several 
methods were used, but it was generally found that the values from the Standard 
Design Flood (Alexander, 2002) Method or SDF method gave consistent results for the 
various sized catchments.  The 1:50, 1:100 year and regional maximum flood (RMF) 
for each node, together with catchment areas, are given in Table 4.2.1.4(a). 

The flood volumes shown in Table 4.2.1.4(a) were based on the simplified hydrograph 
proposed by Kovács (1988), and the relationship between the Regional Maximum 
Flood and Mean Annual Runoff as derived from the measurement of various extreme 
flood events across South Africa, documented in various Department of Water Affairs 
and Forestry (DWAF) publications. 
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Table 4.2.1.4(a) – Flood peaks and flood volumes for the Impumelelo North Block     
mining area 

Node 
Catchment 

area 
(km2) 

Recurrence Interval Flood Peak (m³/s) 
Flood Volume 

(m3x106) 

IN 1 12.2 

1:50 year 59 0.57 

1:100 year 74 0.72 

RMF 259 2.52 

IN 2 12.4 

1:50 year 50 0.50 

1:100 year 63 0.63 

RMF 260 2.58 

 
IN 3 

 
10.9 

1:50 year 69 0.63 

1:100 year 87 0.79 

RMF 248 2.25 

IN 4 897.9 

1:50 year 1099 156 

1:100 year 1391 198 

RMF 1325 188 

IN 5 38.6 

1:50 year 171 3.44 

1:100 year 216 4.35 

RMF 401 8.07 

IN 6 0.36 

1:50 year 6  

1:100 year 8  

RMF   

IN 7 14.5 

1:50 year 146 1.60 

1:100 year 184 2.02 

RMF 276 3.03 

IN 8 0.93 

1:50 year 26  

1:100 year 32  

RMF   

IN 9 0.62 

1:50 year 11  

1:100 year 14  

RMF   

IN 10 1026.3 

1:50 year 1140 176 

1:100 year 1444 223 

RMF 1394 216 

IN 11 1043.3 

1:50 year 1149 179 

1:100 year 1455 227 

RMF 1403 219 

IN 12 80.4 

1:50 year 254 8.09 

1:100 year 322 10.26 

RMF 530 16.89 

IN 13 23.6 

1:50 year 291 4.31 

1:100 year 356 5.28 

RMF 332 4.92 

IN 14 55 

1:50 year 185 4.65 

1:100 year 234 5.89 

RMF 458 11.52 

IN 15 2.9 

1:50 year 59 0.24 

1:100 year 74 0.30 

RMF 150 0.60 

IN 16 10.8 

1:50 year 85 0.77 

1:100 year 108 0.98 

RMF 247 2.25 

IN 17 38.9 

1:50 year 217 4.39 

1:100 year 275 5.56 

RMF 402 8.13 

IN 18 6.98 

1:50 year 90 0.63 

1:100 year 114 0.80 

RMF 209 1.47 

IN 19 19 

1:50 year 165 2.17 

1:100 year 208 2.73 

RMF 306 4.02 

IN 20 1.14 
1:50 year 101 0.23 

1:100 year 128 0.29 
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Node 
Catchment 

area 
(km2) 

Recurrence Interval Flood Peak (m³/s) 
Flood Volume 

(m3x106) 

RMF 105 0.24 

IN 21 2.4 

1:50 year 38 0.08 

1:100 year 49 0.17 

RMF 139 0.48 

IN 24 6.8 

1:50 year 130 0.07 

1:100 year 165 0.10 

RMF 207 1.41 

IN25 17.5 

1:50 year 54 0.67 

1:100 year 69 0.85 

RMF 297 3.66 

* RMF is not valid for catchments less than 1 km2.  Flood volumes are factored from RMF and were therefore 
not determined for this catchment 

4.2.1.5 Floodlines 

Floodlines were determined based on the calculated flood peaks at each node.  A 
steady flow, backwater analysis was performed for each stream using the HEC-RAS 
river modelling system.  HEC-RAS was developed by the United States Army Corps of 
Engineers, and is considered industry standard software for floodline determination in 
many countries, including the United States, the United Kingdom, Europe, Australia 
and South Africa. 

An electronic digital terrain model (dtm), in the form of a three dimensional dgn file with 
contours at 1 m intervals was used, covering the mining area.  When determining 
floodlines, each stream is defined by inputting a number of cross sections along the 
length of the stream.  The cross sections are determined from the dtm data.  Cross 
sections were measured at approximately 50 m to 70 m intervals on average, as well 
as at significant features which may act as controls.  The floodlines are shown in 
Figures 4.2.1.5(a) and (b). 

It should be noted that the accuracy of the floodlines produced in this study is 
commensurate with the accuracy of the dtm data provided.  With a contour interval of 1 
m, the accuracy of the floodlines can be considered to be within 1 m vertically.  The 
floodlines given here are considered suitable for planning purposes only.  Where 
infrastructure is to be located adjacent to streams, the floodlines should be determined 
more accurately using a digital terrain model (dtm) developed from a field survey at the 
area of concern. 

4.2.2 WATERCOURSE ALTERATIONS 

The mining at Impumelelo is to be underground and no watercourse alterations are 
envisaged.  However there is a short section of drainage line at the plant area that will be 
used for water management.  There will be no upstream catchment remaining however, 
and no alteration will be required. 

Streams will be undermined by bord and pillar mining only, with a targeted factor of safety 
on the pillars of >2.  A note on the risk of pillar instability is given in the text box below 
based on Sasol’s experience in the Secunda area. 
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Pillar stability 

Theoretically, a factor of safety of 1,8 in pillar design is generally equivalent to a 99,99% surety of 
stability.  In real terms this represents a risk that 100 pillars out of every 1million pillars would be 
expected to fail, or 1 pillar in 10 000 may fail.   

This is probably conservative in that, of the approximately 2 000 000 pillars that have been 
mined since the inception of the Salamon Safety Factor formula, not one pillar failed 
that met all of the following criteria: - 

 

• Safety Factor ≥ 1.6 (Salamon) 

• Pillar width ≥ 10m 

• In panel Areal Extraction ≤ 75% 

• Pillar Width to Height ratio ≥ 3.47 (Outside the Vaal Basin) 

However, the calculation takes account of the fact that stability is required for an extremely long 
period, so that one cannot only consider short duration experience.  Of the approximately 8 000 
pillars that have failed, the research has shown that in all of these failed cases at least 2 of the 
above criteria were not met. Therefore, pillars designed according to the above criteria have a 
failure probability of less than one in two million. 

It is intended that all of the pillars within the 1:100year floodline will comply well with all of the 
above criteria, as follows: - 

Factors to be used 

Safety Factor ≥ 2.0 
Pillar width ≥ 10m 
In panel Areal Extraction ≤ 75% 
Pillar Width to Height ratio ≥ 4.0 
 

 

4.2.3 SURFACE WATER QUALITY 

The water quality and sampling points are given in this section. 

4.2.3.1 Sampling points 

Water quality sampling for the proposed Impumelelo North Block mining area was 
undertaken at the locations indicated in Figure 4.2.3.1(a) on 26 March, 23 June, 24 
September and 17 November 2008. The description for each sampling position, along 
with flow conditions and comments on each of the sites are included in Table 4.2.3.1(a), 
(b), (c), and (d).  
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Table 4.2.1.3(a) – Summary of the river characteristics at each sampling point within the mining area (26 March 2008) 

Locality Description Sampled Channel 
Dimensions (m) 

Active 
Channel (m) 

Flow 
Estimation 

(m/s) 

Comments 

Sasol  Impumelelo Mining - Surface water drainage monitoring 

SAS01 Groot Spruit before confluence with Waterval River Yes 10 x 1 3 x 0.1 0.5 Signs of previous flooding, debris scattered around 
channel.  
Channel well defined 

SAS02 Waterval River after confluence with Groot Spruit Yes 50 x 6 6 x 0.2 0.5 Channel well defined 

SAS03 Waterval River before confluence with Groot Spruit Yes 15 x 2 11 x 0.1 2 Signs of previous flooding, channel well defined 

SAS04 Boesman’s Spruit before confluence with Waterval 
River 

Yes 14 x 2 14 x 0.3 0.01 Very low flow velocity, well defined 

SAS05 Waterval River before confluence with Ouhout Spruit Yes 25 x 3 25 x 1.5 0.01 Very low flow velocity, well defined. Signs of flooding above 
active  
channel 

SAS06 Ouhout Spruit before confluence with Waterval River Yes 4.5 x 4 4 x 1.2 0.01 Very low flow velocity. Road adjacent being tarred, 
diesel/tar  
spillage into stream 

SAS07 Waterval River after confluence with Wolwe Spruit Yes 14 x 4 4 x 0.3 1.5 Well defined 

SAS08 Wolwe Spruit before confluence with Waterval River Yes 2.5 x 1 0.5 x 0.05 0.2 Construction Site, Stream is diverted through a pipe under  
road surface 

SAS09 Waterval River before confluence with Wolwe Spruit Yes 12 x 10 10 x 0.3 1 Well defined 

SAS10 Waterval River before the North Block Extension Yes 25 x 10 8 x 0.3 0.5 Signs of flooding 10m above water level 

SAS11 Waterval River after confluence with Kaal Spruit Yes 50 x 10 15 x 0.5 0.15 Flooding signs above active channel 

SAS12 Waterval River before confluence with Kaal Spruit Yes 50 x 2.5 3 x 1 0.15 Flooding signs above active channel 

SAS13 Kaal Spruit before confluence with Waterval River Yes No Defined 
Channel 

Dry - Sampled dam 

SAS14 Wolwe Spruit before entering the North Block Yes 1 x 1.5 0.5 x 0.05 0.01 Very low flow velocity, almost dry 

SAS15 Kaal Spruit draining the northern boundary of North 
Block 

Yes 4 x 1 3 x 0.5 0.01 Very low flow velocity, almost dry 

SAS16 Bosmans Fountain draining the northern area of the 
North Block 

Yes No Defined 
Channel 

Dry - Sampled seepage from dam 

SAS17 Leeuwkraal Tributary draining the north western area 
of the North Block 

No Dry - Very small tributary 

SAS18 Leeuwkraal Pan Yes Pan Large Pan situated on the Leeuwkraal Farm 

SAS19 Hartbees Fountain before confluence with Groot 
Spruit 

Yes 5 x 1.5 2 x 0.5 0.1 Very low flow velocity 

SAS20 Groot Spruit after confluence with Hartbees Fountain Yes 5 x 2 2 x 0.5 0.1 Very low flow velocity 
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Locality Description Sampled Channel 
Dimensions (m) 

Active 
Channel (m) 

Flow 
Estimation 

(m/s) 

Comments 

SAS21 Groot Spruit before entering South Block Yes 8 x 3 8 x 1 0.5 Very low flow velocity 

SAS22 Grootvlei before confluence with Groot Spruit Yes 2 x 1 1 x 0.1 0.01 Small tributary, almost dry, sampled Dam 

SAS23 Ouhout Spruit before entering the South Block Yes 10 x 2 1 x 0.1 0.2 Small Spruit, very low flow velocity 

SAS24 Weltevreden Tributary before confluence with Groot 
Spruit 

Yes 2 x 1 0.3 x 0.05 0.15 Small Tributary, almost dry 

SAS25 Groot Spruit before confluence with Weltevreden 
Spruit 

Yes 5 x 1.5 0.3 x 0.05 0.2 Very low flow velocity 

SAS26 Groot Spruit before confluence with Vogelstruis 
Fountain 

Yes 6 x 2 0.5 x 0.1 0.5 Small stream running under bridge 

SAS27 Vogelstruis fountain before confluence with Groot 
Spruit 

Yes No Defined 
Channel 

Not Defined - Sampled dam 

SAS28 Groot Pan Yes Pan Large Pan situated on the Grootpan Farm 

Sasol  Impumelelo Mining - Conveyor belt water monitoring 

CBelt01 Conveyor Belt monitoring locality Yes 2 x 1.5 1 x 0.3 0.1 Small channel underneath road surface 

CBelt02 Conveyor Belt monitoring locality No 2 x 1.0 Dry 0.1 Small culvert underneath road 

CBelt03 Conveyor Belt monitoring locality Yes 2 x 1.0 1.0 x 0.1 0.1 Small culvert underneath road 

CBelt04 Conveyor Belt monitoring locality Yes 2 x 1.0 1.0 x 0.2 0.1 Small culvert underneath road 

CBelt05 Conveyor Belt monitoring locality No No Defined 
Channel 

Dry 0.1 Insignificant channel 

CBelt06 Conveyor Belt monitoring locality No 5 x 1.5 Dry 0.1 Dry 

CBelt07 Conveyor Belt monitoring locality Yes 3 x 2 1.0 x 0.3 0.1 Very low flow velocity 

CBelt08 Conveyor Belt monitoring locality Yes 3.5 x 1 0.5 x 0.1 0.1 Very low flow velocity 

CBelt09 Conveyor Belt monitoring locality Yes 5 x 1.5 1.0 x 0.5 0.1 Very low flow velocity 

CBelt10 Conveyor Belt monitoring locality Yes 5 x 1.5 3 x 0.5 0.1 Very low flow velocity 

CBelt11 Conveyor Belt monitoring locality Yes 4 x 1.5 2 x 1 0.1 Very low flow velocity 

CBelt12 Conveyor Belt monitoring locality Yes 3 x 1 0.5 x 0.1 0.1 Very low flow velocity 

CBelt13 Conveyor Belt monitoring locality Yes 2 x 1 0.3 x 0.1 0.1 Very low flow velocity 

CBelt14 Conveyor Belt monitoring locality Yes 5 x 1.5 1.0 x 0.1 0.1 Very low flow velocity 

CBelt15 Conveyor Belt monitoring locality Yes 3 x 1 1.0 x 0.1 0.1 Very low flow velocity 
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Table 4.2.1.3(b) – Summary of the river characteristics at each sampling point within the study area (23 June 2008) 

Locality Description Sampled Flow Conditions Comments 

Sasol  Impumelelo Mining - Surface water drainage monitoring 

SAS01 Groot Spruit before confluence with Waterval River Yes Medium Clear 

SAS02 Waterval River after confluence with Groot Spruit Yes Medium Clear 

SAS03 Waterval River before confluence with Groot Spruit Yes Medium Clear 

SAS04 Boesman's Spruit before confluence with Waterval River Yes Medium Clear 

SAS05 Waterval River before confluence with Ouhout Spruit Yes Medium Clear 

SAS06 Ouhout Spruit before confluence with Waterval River Yes Medium Clear 

SAS07 Waterval River after confluence with Wolwe Spruit Yes Medium Clear 

SAS08 Wolwe Spruit before confluence with Waterval River Yes Low Clear 

SAS09 Waterval River before confluence with Wolwe Spruit Yes Medium Clear 

SAS10 Waterval River before the North Block Extension Yes Medium Clear 

SAS11 Waterval River after confluence with Kaal Spruit Yes Medium Clear 

SAS12 Waterval River before confluence with Kaal Spruit Yes Medium Clear 

SAS13 Kaal Spruit before confluence with Waterval River Yes Medium Clear 

SAS14 Wolwe Spruit before entering the North Block Yes Very Low Clear 

SAS15 Kaal Spruit draining the northern boundary of North Block Yes Very Low Clear 

SAS16 Bosman's Fountain draining the northern area of the North Block No Dry Not Sampled 

SAS17 Leeuwkraal Tributary draining the north western area of the North Block No Dry Not Sampled 

SAS18 Leeuwkraal Pan Yes Medium Clear - 60% Capacity 

SAS19 Hartbees Fountain before confluence with Groot Spruit Yes Low Clear 

SAS20 Groot Spruit after confluence with Hartbees Fountain Yes Low Clear 

SAS21 Groot Spruit before entering South Block Yes Medium Clear 

SAS22 Grootvlei before confluence with Groot Spruit Yes Medium Clear 

SAS23 Ouhout Spruit before entering the South Block Yes Low Clear 

SAS24 Weltevreden Tributary before confluence with Groot Spruit Yes Very Low Clear 

SAS25 Groot Spruit before confluence with Weltevreden Spruit Yes Medium Clear 

SAS26 Groot Spruit before confluence with Vogelstruis Fountain Yes Low Clear 

SAS27 Vogelstruis fountain before confluence with Groot Spruit Yes Medium Clear 

SAS28 Groot Pan Yes High Clear - 90% Capacity 

Sasol  Impumelelo Mining - Conveyor belt water monitoring 

CBelt01 Conveyor Belt monitoring locality Yes Very Low Clear 
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Locality Description Sampled Flow Conditions Comments 

CBelt02 Conveyor Belt monitoring locality Yes Very Low Clear 

CBelt03 Conveyor Belt monitoring locality Yes Very Low Clear 

CBelt04 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt05 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt06 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt07 Conveyor Belt monitoring locality Yes Medium Clear 

CBelt08 Conveyor Belt monitoring locality Yes Very Low Clear 

CBelt09 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt10 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt11 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt12 Conveyor Belt monitoring locality Yes Very Low Clear 

CBelt13 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt14 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt15 Conveyor Belt monitoring locality Yes Low Clear 
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Table 4.2.1.3(c) – Summary of the river characteristics at each sampling point within the study area (24 Sep 2008) 

Locality Description Sampled Flow Conditions Comments 

Sasol  Impumelelo Mining - Surface water drainage monitoring 

SAS01 Groot Spruit before confluence with Waterval River Yes Very Low Clear 

SAS02 Waterval River after confluence with Groot Spruit Yes Low Clear 

SAS03 Waterval River before confluence with Groot Spruit Yes Low Clear 

SAS04 Boesman’s Spruit before confluence with Waterval River Yes Medium Clear 

SAS05 Waterval River before confluence with Ouhout Spruit Yes Medium Clear 

SAS06 Ouhout Spruit before confluence with Waterval River Yes Medium Clear 

SAS07 Waterval River after confluence with Wolwe Spruit Yes Low Clear 

SAS08 Wolwe Spruit before confluence with Waterval River Yes Low Clear 

SAS09 Waterval River before confluence with Wolwe Spruit Yes Medium Clear 

SAS10 Waterval River before the North Block Extension Yes Medium Clear 

SAS11 Waterval River after confluence with Kaal Spruit Yes Medium Clear 

SAS12 Waterval River before confluence with Kaal Spruit Yes Medium Clear 

SAS13 Kaal Spruit before confluence with Waterval River No Dry Not Sampled 

SAS14 Wolwe Spruit before entering the North Block Yes Very Low Clear 

SAS15 Kaal Spruit draining the northern boundary of North Block Yes Medium Clear 

SAS16 Bosman’s Fountain draining the northern area of the North Block No Dry Not Sampled 

SAS17 Leeuwkraal Tributary draining the north western area of the North Block Yes Very Low Clear 

SAS18 Leeuwkraal Pan Yes Medium Clear - 60% Capacity 

SAS19 Hartbees Fountain before confluence with Groot Spruit Yes Low Clear 

SAS20 Groot Spruit after confluence with Hartbees Fountain Yes Medium Clear 

SAS21 Groot Spruit before entering South Block Yes Medium Clear 

SAS22 Grootvlei before confluence with Groot Spruit Yes Medium Clear 

SAS23 Ouhout Spruit before entering the South Block Yes Low Clear 

SAS24 Weltevreden Tributary before confluence with Groot Spruit Yes Low Clear 

SAS25 Groot Spruit before confluence with Weltevreden Spruit Yes Very Low Clear 

SAS26 Groot Spruit before confluence with Vogelstruis Fountain Yes Very Low Clear 

SAS27 Vogelstruis fountain before confluence with Groot Spruit Yes Medium Clear 

SAS28 Groot Pan Yes Medium Clear - 90% Capacity 

Sasol  Impumelelo Mining - Conveyor belt water monitoring 

CBelt01 Conveyor Belt monitoring locality Yes Very Low Clear 

CBelt02 Conveyor Belt monitoring locality No Dry Not Sampled 
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Locality Description Sampled Flow Conditions Comments 

CBelt03 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt04 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt05 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt06 Conveyor Belt monitoring locality Yes Very Low Clear 

CBelt07 Conveyor Belt monitoring locality Yes Very Low Clear 

CBelt08 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt09 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt10 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt11 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt12 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt13 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt14 Conveyor Belt monitoring locality No Dry Not Sampled 

CBelt15 Conveyor Belt monitoring locality Yes Medium Clear 
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Table 4.2.1.3(d) – Summary of the river characteristics at each sampling point within the study area (17 Nov 2008) 

Locality Description Sampled Flow Conditions Comments 

Sasol  Impumelelo Mining - Surface water drainage monitoring 

SAS01 Groot Spruit before confluence with Waterval River No No Flow Not Sampled 

SAS02 Waterval River after confluence with Groot Spruit Yes Low Clear 

SAS03 Waterval River before confluence with Groot Spruit Yes Medium Clear 

SAS04 Boesman’s Spruit before confluence with Waterval River No No Flow Not Sampled 

SAS05 Waterval River before confluence with Ouhout Spruit Yes Medium Clear 

SAS06 Ouhout Spruit before confluence with Waterval River Yes Low Clear 

SAS07 Waterval River after confluence with Wolwe Spruit Yes Medium Clear 

SAS08 Wolwe Spruit before confluence with Waterval River No No Flow Not Sampled 

SAS09 Waterval River before confluence with Wolwe Spruit Yes Medium Clear 

SAS10 Waterval River before the North Block Extension Yes Medium Clear 

SAS11 Waterval River after confluence with Kaal Spruit Yes Medium Clear 

SAS12 Waterval River before confluence with Kaal Spruit Yes Medium Clear 

SAS13 Kaal Spruit before confluence with Waterval River No Dry Not Sampled 

SAS14 Wolwe Spruit before entering the North Block Yes Very Low Clear 

SAS15 Kaal Spruit draining the northern boundary of North Block No No Flow Not Sampled 

SAS16 Bosman’s Fountain draining the northern area of the North Block No Dry Not Sampled 

SAS17 Leeuwkraal Tributary draining the north western area of the North Block No Dry Not Sampled 

SAS18 Leeuwkraal Pan Yes Low Clear - 30% Capacity 

SAS19 Hartbees Fountain before confluence with Groot Spruit Yes Low Clear 

SAS20 Groot Spruit after confluence with Hartbees Fountain No No Flow Not Sampled 

SAS21 Groot Spruit before entering South Block Yes Low Clear 

SAS22 Grootvlei before confluence with Groot Spruit Yes Low Clear 

SAS23 Ouhout Spruit before entering the South Block Yes Low Clear 

SAS24 Weltevreden Tributary before confluence with Groot Spruit Yes Low Clear 

SAS25 Groot Spruit before confluence with Weltevreden Spruit No No Flow Not Sampled 

SAS26 Groot Spruit before confluence with Vogelstruis Fountain No No Flow Not Sampled 

SAS27 Vogelstruis fountain before confluence with Groot Spruit Yes Low Clear 

SAS28 Groot Pan Yes Low Clear - 40% Capacity 
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4.2.3.2 Water quality results 

The results of the water quality analyses are provided in Table 4.2.3.2(a) and (b).  These 
results indicate the pre-mining background water quality, and are compared to the South 
African Water Quality Guidelines and catchment objectives (DWAF, 1996a) as presented 
in Table 4.2.3.2(c).  

Ordinarily, results would be compared to the South African Water Quality Guidelines (DWAF, 
1996a) as presented in Table 4.2.3.2(c) as well as the catchment specific guidelines.  However, for 
the Waterval River objectives have not yet been set, and the water quality guidelines have been 
used. 
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Table 4.2.3.2(a) –Pre-mining quality in rivers associated with the proposed Impumelelo mining  

SAS01 SAS02 SAS03 SAS04 SAS05 SAS06 SAS07 SAS08 SAS09 SAS10 SAS11 SAS12 SAS13 SAS14 SAS15 SAS16 SAS17 SAS18 SAS19 SAS20 SAS21 SAS22 SAS23 SAS24 SAS25 SAS26 SAS27 SAS28

3 3 3 2 4 4 4 3 4 4 4 4 2 4 3 1 1 4 4 3 4 4 4 4 3 3 4 4

Ave 8.09 8.24 7.97 7.84 7.86 7.72 7.74 8.21 7.73 7.76 7.71 7.67 8.18 8.26 7.97 7.37 8.23 8.92 8.21 8.12 8.58 8.8 8.29 8.13 8.19 8.13 7.86 9.12

pH Min-Max 7.94-8.34 8.2-8.27 7.76-8.23 7.61-8.07 7.72-8.12 7.44-7.88 7.56-7.91 8.10-8.32 7.41-7.99 7.43-8.03 7.36-8.15 7.41-8 7.99-8.37 8.11-8.36 7.83-8.06 8.41-9.17 8.05-8.33 7.78-8.31 7.95-8.95 8.08-9.63 8.19-8.34 7.86-8.33 8.03-8.38 7.95-8.25 7.25-8.48 9-9.20

Coeff of Var. (%) 2.70 0.43 2.9 4.1 2.2 2.6 2.5 1.3 3.4 3.7 4.5 3.95 3.28 1.3 1.56 3.9 1.46 3.63 5.33 8 0.8 2.4 2.16 1.95 7.1 0.91

Ave 52.17 63 66.37 36.95 71.9 37.11 69.35 48.03 69.45 69.25 68.28 68.68 50.15 110.98 50.23 21.98 119.3 471.48 82.35 43 49.3 71.53 60.88 85.68 52.07 55.37 41.44 611.25

EC (mS/m) Min-Max 39-69 45.6-72.9 53.6-74.6 26.89-47 58.4-83.7 23.49-46.20 58.2-78.8 40.90-52.30 57.10-78.80 56.80-78.90 51.60-81.40 53.10-83.10 45.30-55 99.10-118.80 36.5-69 274.5-705 68.70-92.60 34.60-53.50 41.20-55.40 44.3-101.3 46-72.40 70.30-101 36.10-69.70 40.70-73.40 25.15-53 432-782
Coeff of Var. (%)  

Coeff 29.00 24 17 38.4 17.7 29.3 15.1 12.9 15.6 16.3 19.9 18.6 13.6 8 33.4 42.5 12.1 22.3 12 33.5 18.9 14.8 32 29.9 29.2 26.3

Ave 276.00 373.3 350 271 341.5 209.5 336 220 321 305 320 337.5 266 624 268.67 154 648 3061.5 440 192 254 369 342 477.5 247 220.67 221 3443

TDS (mg/l) Min-Max 228-364 290-424 254-402 240-302 262-464 148-268 200-428 150-288 144-438 218-432 266-412 252-418 242-290 520-744 172-450 1986-4530 326-584 70-302 146-330 108-544 278-402 398-546 216-292 94-374 72-302 4710-2652

Coeff of Var. (%) 28.00 19.4 23.7 16.1 26.4 31.7 29.7 31.3 39.2 29.6 20.2 20.1 12.7 14.8 58.4 41.6 25.5 60.6 30.5 51.3 19.3 12.9 16 64 48.2 28.4

Ave 193.36 182.17 187.1 107.01 195.64 121.75 190.4 162.96 187.52 185.35 184.09 186.68 155.15 476.51 140.29 95.2 389.8 141.61 272.1 130.75 176.06 251.84 215.05 367.89 192.88 183 124.43 118.66

T hardness 

(mg/l) Min-Max 135.88-269.69 148.88-200.85 172.27-196.4 85.26-128.77 171.48-240.82 76.96-162.26 148.97-237.48 143.27-191.83 145-233.1 140.3-230.32 158.15-230.07 161.55-228.71 144.46-165.84 409.61-565.58 108.56-183.12 114.41-192.53 258.77-292.06 127.51-137.10 138.32-237.21 171.37-289.99 191.78-228.94 300.37-443.75 89.55-288.50 158.52-202 86.9-149.56 106.84-133.84

Coeff of Var. (%) 36.00 15.8 6.9 28.7 15.9 29.6 19.9 15.6 20.3 21.6 17.8 16.5 9.7 15.04 27.4 24.5 5.5 4.2 24.4 21.5 7.6 18.8 51.69 12.15 21.3 9.7

Ave 37.29 36.82 38.28 19.78 40.38 25.45 39.54 31.97 39.21 38.77 38.72 39.23 28.81 72.65 25.27 17.16 48.45 41.36 57.73 19.53 32.36 26.17 40.76 56.22 34.77 34.07 23.71 15.02

Ca (mg/l) Min-Max 26.71-52.10 31.39-41.35 36.59-41.25 16.78-22.79 34.32-48.61 16.69-33.27 32.45-48.38 27.40-38.82 31.88-47.99 30.97-47.34 35.25-47.46 35.21-47.61 28.39-29.22 59.26-82.49 21.89-29.65 31.87-61.80 45.49-69.23 15.18-23.53 17.86-51.38 18.52-36.77 37.59-43.84 38.61-66.97 15.61-50.27 32.31-36.20 18.14-26.67 11.04-18.25

Coeff of Var. (%) 35.00 13.6 6.7 21.4 15.4 26.9 19.5 18.9 20 22 15.1 14.4 2 15.2 15.7 33.6 17 21 43 33.6 7.6 22 50.6 5.7 16.3 20.5

Ave 24.34 21.91 22.22 13.99 23.03 14.13 22.27 20.19 21.76 21.5 21.23 21.54 20.21 71.66 18.74 12.71 65.28 9.31 31.07 19.91 23.13 45.29 27.51 55.25 25.76 23.78 15.84 19.71

Mg (mg/l) Min-Max 16.8-33.9 17.12-24.92 19.40-24.59 10.53-17.45 19.11-29.01 8.57-19.23 16.50-28.33 16.79-23.05 15.88-27.51 15.29-27.22 17.03-27.09 17.88-26.67 17.36-23.06 58.31-87.32 13.09-26.49 8.26-11.24 26.27-36.12 16.73-21.76 18.26-26.45 23.39-59.19 20.53-32.16 42.48-67.15 12.28-39.57 18.90-28.63 10.10-20.54 17.60-23.77

Coeff of Var. (%) 35.8 19.1 11.8 34.9 18.4 32.8 21.7 15.6 21.9 22.9 21.7 20.3 19.9 16.8 37 14.6 13.9 13.8 15.5 35.7 18 20.3 52.9 20.4 27.3 14.1

Ave 30.29 48.51 48.98 18.76 55.73 18.53 50.93 23.17 50 50.25 55.46 57.11 33.43 58.35 41.23 5.02 68.94 1158.04 70.23 26.95 32.07 47.48 36.82 35.2 24.4 27.58 24.36 1745.61

Na (mg/l) Min-Max 20.82-41.05 26.88-68.26 33.08-65.97 17.18-20.35 39.26-71.48 11.98-28.12 38.98-63.09 19.80-29.33 39.69-59.95 40.18-59.61 34.74-77.25 34.65-80.89 25.04-41.82 46.87-65.66 28.86-56.23 797.74-1763 47.63-86.68 17.12-37.98 19.38-49.54 19.96-71.10 22.42-54.44 27.07-44.39 14.57-34.89 20.21-35.43 14.29-37.88 1.237-2103.32

Coeff of Var. (%) 33.5 42.7 33.6 11.9 23.6 36.9 19.5 23 17.8 18.4 33 34.2 35.5 13.8 33.6 36.2 23.3 28.8 39.3 49.6 36.2 22.2 42.5 27.6 40.4 24.4

Ave 5.15 7.14 7.59 4.31 8.24 5.29 7.92 4.89 7.97 7.91 8.74 9.17 10.64 3.45 7.28 2.96 3.11 47.67 4.67 4.16 4 6.15 2.79 2.97 3.99 3.81 5.65 67.8

K (mg/l) Min-Max 4.82-5.66 4.53-9.29 4.98-10.21 3.98-4.64 5.68-10.47 3.62-5.99 5.87-9.45 4.50-5.17 6.28-9.24 6.02-9.02 5.41-11.71 5.53-12.13 10.48-10.81 2.44-5.86 4.33-10.02 33.27-64.24 4.07-5.48 3.88-4.56 3.76-4.28 5.52-6.81 2.14-3.92 1.96-3.57 2.39-5.15 3.43-4.14 4.56-7.72 51.75-87.20

Coeff of Var. (%) 8.7 33.8 34.4 10.8 23.8 21.1 18.8 7.2 15.5 16.6 29.5 30.4 2.2 47.3 39.1 31.4 13.5 8.5 5.5 11.5 27.8 25.8 35.7 9.3 25 22.7

Ave 176.87 176.1 181.35 117.15 165.8 130.54 156.84 176.8 146.82 140.52 154.96 160.23 144.39 390.13 197.31 107.4 573.27 763.78 312.47 144.53 191.37 276.24 233.15 327.82 181.59 197.83 161.8 1221.05

M alk (mg/l) Min-Max 137.56-241.77 130.72-200.04 146-207.62 81.71-152.59 141.68-175.43 81.54-180.30 136.64-174.71 162.08-201.43 139.96-158.5 123.75-154.27 141.97-165.76 151.63-172.05 128.57-160.21 259.37-524.16 137.88-284.36 442.34-1177.54 234.65-384.33 109.20-187.86 146.33-245.85 184.97-391.31 168.23-295.94 286.08-428.86 115.17-216.79 146.53-272.01 108.17-217.92 790.12-1753.35

Coeff of Var. (%) 32 22.3 17.5 42.7 9.7 40.5 9.9 12.1 5.7 9.1 6.7 5.4 15.4 28.5 39 45.9 20.7 27.6 22.2 35.9 24.7 20.6 31.6 33.2 35.1 34.9

Ave 22.84 48.57 49.63 17.79 50.52 17.66 47.36 19.31 47.21 47.1 46.2 46.06 32.74 41.53 18.55 5.48 16.23 661.69 39.65 20.03 20.77 33.81 24.09 18.58 17.83 23.57 18.41 1071.54

Cl (mg/l) Min-Max 15.24-34.64 23.80-66.02 31.25-62.21 11.56-24.02 35.25-67.35 8.10-24.62 33.37-59.89 14.68-24.51 34.15-61.24 35.92-61.75 31.56-56.18 31.16-54.29 29.96-35.53 29.31-55.68 10-30.78 328.97-1095.07 23.52-56.35 11.43-34.13 12.35-33.20 14.01-51.72 13.86-37.32 16.72-20.99 14.02-22.65 13.37-40.16 9.16-28.46 631.30-1621.26

Coeff of Var. (%) 45.3 45.3 32.7 49.5 27.8 46.6 22.9 25.5 23.4 22.8 22.5 22.1 12 30.9 58.5 52.5 34.1 61 47.4 56.6 46 11 24.6 61.5 48.2 42.6

Ave 33.96 76.55 67.49 35.1 78.75 11.66 71.28 19.59 71.38 63.82 79.06 72.01 26.22 121.34 13.51 <0.1 68 645.91 30.76 26.47 27.07 44.06 29.25 69.52 32.38 31.02 8.96 169.61

SO4 (mg/l) Min-Max 22.71-47.10 33.52-115.85 37.95-96.08 29.42-40.79 39.70-128.66 3.92-16.61 44.58-103.75 15.96-25.96 44.78-101.43 52.72-83.06 37.92-103.30 36.77-101.27 20.89-31.55 60.61-201.61 11.94-15.07 424.09-877.90 21.03-35.32 20.74-35.91 15.87-36.74 17.16-74.22 26.75-31.42 42.39-109.57 24.73-37.85 24.57-38.92 4.05-12.95 112.48-217.93

Coeff of Var. (%) 36 53.9 43 22.8 46.9 47.3 35.9 28.2 34.9 21 38.2 37 28.7 48.7 16.3 32.9 21.8 31.1 31.6 55.2 6.8 41.1 21 23.4 50.5 32.3

Ave <0.48 0.62 0.53 <0.48 0.53 <0.48 0.58 <0.48 2.07 0.87 0.58 0.64 <0.48 <0.48 <0.48 <0.48 <0.48 1.78 <0.48 <0.48 <0.48 <0.48 <0.48 <0.48 <0.48 <0.48 <0.48 2.19

F (mg/l) Min-Max 0.56-0.69 0.51-0.56 0.53-0.54 0.58-0.59 0.62-3.53 0.50-1.58 0.54-0.64 0.53-0.89 1.00-3.00 1.23-3.61

Coeff of Var. (%) 14.6 7 0.81 0.84 99.2 71.1 9 25.6 49.2 47.4

Ave 0.24 0.22 <0.01 1.7 0.19 0.15 0.25 0.22 0.32 0.3 0.25 0.21 0.18 <0.01 0.17 0.336 0.335 8.53 <0.01 0.32 0.12 <0.01 0.17 <0.01 <0.01 0.2 <0.01 3.62

Al (mg/l) Min-Max 0.04-0.41 0.04-0.41 0.35-3.06 0.04-0.35 0.03-0.27 0.18-0.32 0.10-0.34 0.27-0.37 0.25-0.36 0.24-0.26 0.04-0.37 0.13-0.22 0.03-0.32 1.11-22.15 0.14-0.56 0.01-0.36 0.01-0.33 0.01-0.38 0.85-9.30

Coeff of Var. (%) 76.5 118 112 113 110 41 74 23 27 3 115 40 119 110 68 139 130 92 107

Ave 0.13 0.04 0.02 <0.01 0.05 0.16 0.09 0.08 0.11 0.11 0.1 0.05 0.18 <0.01 0.07 2.42 <0.01 4.92 0.03 0.23 0.13 0.05 0.06 0.04 0.23 0.1 0.11 1.82

Fe (mg/l) Min-Max 0.03-0.28 0.02-0.07 0.021-0.024 0.03-0.07 0.08-0.25 0.02-0.20 0.03-0.15 0.02-0.28 0.02-0.28 0.02-0.29 0.02-0.09 0.13-0.22 0.03-0.10 0.71-13.74 0.03-0.04 0.17-0.30 0.07-0.18 0.02-0.08 0.03-0.09 0.03-0.04 0.02-0.63 0.02-0.22 0.04-0.23 0.27-5.77

Coeff of Var. (%) 104 79 8 48 44 107 83 128 128 126 72 35 54 121 11 27 35 67 50 13 150 109 82 146

Ave <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.2 <0.01 0.24 0.18 0.06 <0.01 <0.01 <0.01 <0.01 0.06 0.02 <0.01 0.26 0.06 <0.01 <0.01 <0.01 <0.01 <0.01 0.05

Mn (mg/l) Min-Max 0.01-0.03 0.02-0.39 0.04-0.45 0.11-0.25 0.06-0.07 0.02-0.14 0.09-0.40 0.02-0.09 0.01-0.09

Coeff of Var. (%) 58 129 116 53 10 92 61 90 111

Ave <0.01 0.87 1.96 <0.1 2.88 <0.1 3.32 <0.1 3.92 4.24 4.39 3.41 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

NO3 (mg/l) Min-Max 0.61-1.12 1.25-2.60 1.93-4.44 0.68-6.69 1.32-6.20 1.30-6.56 3.27-5.43 2.53-4.47

Coeff of Var. (%) 42 35 41 85 52 51 25 29

Ave <0.1 <0.1 <0.1 <0.1 1.36 0.39 2.55 0.19 1.98 1.85 3.39 4.39 <0.1 0.24 0.3 0.29 0.29 0.23 0.46 <0.1 0.15 0.31 0.17 0.22 0.18 0.25 0.53 0.5

NH3 (mg/l) Min-Max 0.37-2.59 0.28-0.49 0.11-4.49 0.17-0.21 0.26-4.79 0.19-4.73 0.62-7.08 1.66-6.26 0.14-0.31 0.19-0.41 0.23-0.24 0.10-0.75 0.15-0.16 0.11-0.44 0.11-0.24 0.16-0.27 0.16-0.21 0.16-0.34 0.13-1.30 0.17-0.97

Coeff of Var. (%) 83 38 87 15 99 115 68 49 39 53 2 71 5 56 38 36 20 49 126 85

Ave <0.1 1.33 1.96 <0.1 2.26 0.21 2.08 <0.1 2.12 2.18 2.27 2.34 <0.1 0.36 <0.1 <0.1 0.13 3.81 0.15 <0.1 <0.1 0.19 <0.1 <0.1 <0.1 <0.1 <0.1 2.31

PO4 (mg/l) Min-Max 0.17-2.18 0.25-3.64 0.57-3.97 0.17-0.26 0.66-3.73 0.64-3.70 0.63-3.56 0.77-3.32 0.99-3.17 0.25-0.46 2.31-5.18 0.12-0.18 0.12-0.26 1.71-2.71

Coeff of Var. (%) 78 87 62 29 60 59 55 47 44 42 35 28 53 19

Ave <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Cr (mg/l) Min-Max 0.01-0.05

Coeff of Var. (%) 94

Ave 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.011 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02

Cu (mg/l) Min-Max 0.01-0.08 0.011-0.012 0.02-0.03 0.01-0.02

Coeff of Var. (%) 106 9 11 25

Ave <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Ni (mg/l) Min-Max

Coeff of Var. (%)

Ave 0.94 1.54 1.55 0.79 1.73 0.72 1.62 0.79 1.6 1.62 1.77 1.81 1.16 1.16 1.5 0.22 1.52 41.72 1.85 1.03 1.06 1.27 1.08 0.79 0.75 0.88 0.93 69.37

SAR (ratio) Min-Max 0.78-1.09 0.96-2.10 1.10-2.05 0.78-0.81 1.24-2 0.59-0.96 1.19-1.78 0.69-0.92 1.22-1.81 1.22-1.91 1.19-2.47 1.19-2.55 0.91-1.41 1.01-1.27 1.21-1.81 32.46-55.29 1.29-2.33 0.66-1.46 0.67-1.64 0.66-1.86 0.70-1.57 0.68-0.92 0.67-0.89 0.70-1.08 0.67-1.35 52.08-83.34

Coeff of Var. (%) 17 37 31 3 20 24 17 15 16 18 30 31 31 11 20 24 23 40 40 43 33 13 16 22 31 21

Parameter

Sample

No.of Samples
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Table 4.2.3.2 (b) Pre-mining quality in rivers associated with the proposed Impumelelo 
mining area conveyor 
 

SAS CBelt 01 SAS Cbelt 02 SAS Cbelt 03 SAS Cbelt 04 SAS Cbelt 06 SAS Cbelt 07 SAS Cbelt 08 SAS Cbelt 09 SAS Cbelt 10 SAS Cbelt 11 SAS Cbelt 12 SAS Cbelt 13 SAS Cbelt 14 SAS Cbelt 15

2 1 2 1 1 3 2 1 1 1 2 1 1 2

Ave 8.31 8.34 8.46 8.16 8.5 8.32 8.28 7.77 8.97 8.53 8.62 8.04 7.12 7.91

pH Min-Max 8.12-8.50 8-8.91 8.08-8.75 8.25-8.31 8.33-8.91 7.73-8.09

Coeff of Var. (%) 3.20 7.6 4.4 0.51 4.7 3.2

Ave 126.45 111.9 79.15 46.7 101.2 58.83 116.2 31.1 14.5 33.1 80 137.1 18.22 395.1

EC (mS/m) Min-Max 126-127 51-108 45.4-67.5 96-137 53-106 48.20-742

Coeff of Var. (%) 0.61 50.6 20 25.1 46.6 124.1

Ave 763.00 602 435 246 564 318.67 595 42 16 160 414 872 118 3163

TDS (mg/l) Min-Max 706-820 308-562 234-388 514-676 292-536 218-6108

Coeff of Var. (%) 10.50 41.2 24.5 19.2 41.6 131.6

Ave 606.65 406.2 311.78 170.43 348.31 228.08 396.55 99.3 50.2 132.9 328.09 549.9 45.84 1229.7

Min-Max 605-609 214-409 182-262 344-449 214-443 151-2308

Coeff of Var. (%) 0.49 44.3 18.2 18.8 49.3 124

Ave 65.54 62 48.45 34 37 37.04 69.15 18 9 25 60.08 82 9 201

Ca (mg/l) Min-Max 63.51-67.57 36.01-60.89 28.47-47.94 64.63-73.66 36.97-83.18 28.71-373.3

Coeff of Var. (%) 4.30 36.3 26.8 9.2 54.3 121.2

Ave 107.57 61 46.33 21 62 32.92 54.37 13 7 17 43.24 84 6 176.74

Mg (mg/l) Min-Max 105-109 30.15-62.51 23.03-41.30 44.30-64.44 29.44-57.05 19-334

Coeff of Var. (%) 2.28 49.3 28 26.1 45.1 125.9

Ave 63.3 52 55.36 21 74 31.18 126.68 27 10 18 54.93 98 11 559.75

Na (mg/l) Min-Max 49.98-76.67 28.12-82.61 20.77-39 98-155 39.74-70.12 34-1085

Coeff of Var. (%) 29.7 69.5 30.1 32.3 39.1 132.7

Ave 4.33 10 3.65 4 11 6.2 12.09 7 4 6 5.52 5 11 23.28

K (mg/l) Min-Max 2.84-5.81 3.46-3.83 4.27-8.21 10.95-13.23 3.84-7.17 5.12-41.43

Coeff of Var. (%) 48.4 7.1 31.7 13.3 42.2 110.2

Ave 472.92 262 291.9 199 380 211.85 417.8 140 61 125 259.97 484 37 101.8

M alk (mg/l) Min-Max 372-573

260.49-

323.31 200-228 405-430 190-329 79.30-124.3

Coeff of Var. (%) 30.1 15.2 6.9 4.29 37.6 31.2

Ave 29.28 41 21.31 9 75 23.27 59.89 18 3 17 20.7 53 12 209.24

Cl (mg/l) Min-Max 18.05-40.50 10.83-31.80 12.29-34.04 56.85-62.92 19.27-22.13 12.17-406.31

Coeff of Var. (%) 54.2 69.5 46.7 7.2 9.7 133

Ave 135.43 114 63.03 17 16 51.32 58.74 15 13 31 112.95 231 32 1738.74

SO4 (mg/l) Min-Max 76-194 18.74-63.03 27.62-89.66 53.46-64.03 111-114 112-3365

Coeff of Var. (%) 61.6 99.3 65.3 12.7 1.59 132.2

Ave <0.48 0.616 <0.48 <0.48 0.625 <0.48 <0.48 <0.48 <0.49 <0.50 0.5 <0.48 <0.48 <0.48

F (mg/l) Min-Max 0.49-0.50

Coeff of Var. (%) 1.8

Ave <0.01 <0.01 <0.01 0.029 0.436 0.21 <0.01 0.291 0.419 0.175 <0.01 <0.01 0.073 1.36

Al (mg/l) Min-Max 0.04-0.39 0.31-2.40

Coeff of Var. (%) 113.4 108.8

Ave 0.03 <0.01 0.02 0.065 0.032 0.11 0.09 0.837 1.046 0.174 0.05 <0.01 0.451 <0.01

Fe (mg/l) Min-Max 0.01-0.05 0.022-0.023 0.03-0.19 0.06-0.13 0.02-0.08

Coeff of Var. (%) 76.7 1.8 109 46.9 84

Ave 0.1 <0.01 <0.01 <0.01 0.026 <0.01 <0.01 0.017 0.093 <0.01 <0.01 <0.01 0.064 <0.01

Mn (mg/l) Min-Max 0.08-0.12

Coeff of Var. (%) 28.7

Ave <0.1 5.13 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.39 <0.1 <0.1 <0.1 <0.1

NO3 (mg/l) Min-Max

Coeff of Var. (%)

Ave <0.1 <0.1 <0.1 <0.1 0.29 <0.1 <0.1 0.37 0.41 0.33 <0.1 0.25 0.66 0.69

NH3 (mg/l) Min-Max 0.21-1.16

Coeff of Var. (%) 97.8

Ave <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

PO4 (mg/l) Min-Max

Coeff of Var. (%)

Ave <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Cr (mg/l) Min-Max

Coeff of Var. (%)

Ave <0.01 <0.01 <0.01 0.013 0.055 0.01 <0.01 0.018 0.012 0.013 <0.01 0.01 0.011 <0.01

Cu (mg/l) Min-Max 0.01-0.02

Coeff of Var. (%) 19.2

Ave <0.01 <0.01 <0.01 <0.01 0.018 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Ni (mg/l) Min-Max

Coeff of Var. (%)

Ave 1.12 1.11 1.31 0.71 1.73 0.89 2.74 1.2 0.6 0.66 1.32 1.83 0.74 5.52

SAR (ratio) Min-Max 0.88-1.35 0.84-1.78 0.67-1.09 2.29-3.20 1.18-1.45 1.22-9.83

Coeff of Var. (%) 29.5 50.8 23.7 23.2 14.33 110

Parameter

No.of Samples

Sample

T hardness 

(mg/l)
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The majority of concentrations of all constituents tested fall within the Water Quality 
Guideline values with a few exceptions. 

Table 4.2.3.2 (c) South African Water Quality Guidelines (DWAF, 1996) 

CONSTITUENT 

WATER QUALITY GUIDELINE VALUE FOR: 

AQUATIC 

ECOSYSTEMS 
DOMESTIC 

RECREATION 

(FULL 

CONTACT) 

INDUSTRY 

(CAT. 3) 

AGRICULTURE 

LIVESTOCK IRRIGATION 

pH 

within 5% or 0.5 

units of 

background 

6 - 9 6.5 - 8.5 6.5 - 8.0 NA 6.5 - 8.4 

EC (mS/m)** - - - - - - 

SO4 NA 0 - 200 NA 0 - 200 0 - 1000 NA 

TDS 
within 15% of 

background 
0 - 450 NA 0 - 450 0 – 1000 * < 40 

V NA 0 - 0.1 NA NA 0 - 1 0 - 0.10 

Cl NA 0 - 100 NA 0 - 100 0 – 1500 * 0 - 1.00 

Alkalinity NA NA NA 0 - 300 NA NA 

Ca NA 0 - 32 NA NA 0 - 1000 NA 

Mg NA 0 - 30 NA NA 0 - 500 NA 

Na NA 0 - 100 Na NA 0 - 2000 < 70 

Fe NA 0 - 0.1 NA 0 - 0.3 0 - 10 0 – 5 

F < 0.75 0 - 1 NA NA 0 - 2 0 – 2 

Mn < 0.18 0 - 0.05 NA 0 - 0.2 0 - 10 0 - 0.02 

K NA 0 - 50 NA NA NA NA 

NA - Not Available 

* Most stringent guideline taken (dairy, pigs and poultry) 

**The potable water standard for EC is 70mS/m (Quality of Domestic Water Supplies, 1998) 

 

The concentrations of several constituents exceeded their recommended limit for water 
quality, based on Water Quality Guidelines (DWAF, 1996).  

Generally there are marginally elevated values of Ca and Mg concentrations, which are 
not attributed to industrial, mining or farming activities and could reflect background 
concentrations. These locations are scatted throughout the mining area. 

Two other sampling points indicate elevated values: - 

• SAS28 from Groot pan, probably indicating evapoconcentration. 

•  At SASCBelt15 along the conveyor route elevated SO4 values were noted from a 
sampling run in September 2008.  This sampling point is upstream of the Sasol 
Synfuels area but downstream of the Brandspruit shaft.  The most likely origin 
(unconfirmed) is an incident at Brandspruit. 

4.2.4 SURFACE WATER USE 

Surface water is used primarily for Domestic, Livestock and Irrigation watering purposes. 
Water users within and surrounding the proposed mining areas are shown in detailed in 
Table 4.2.4(a).  
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Table 4.2.4(a) – Surface water users 

Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Anderson, Hendrik J Klipfontein 621 IR 5    

Badenhorst, H Wolvenfontein 534 IR 2    

Bierman, Gerhard 

Paardefontein 584 IR 7  ✓ ✓ 

Paardefontein 584 IR 18  ✓ ✓ 

Platkop 543 IR 0  ✓ ✓ 

Weltevreden 580 IR 18  ✓ ✓ 

Weltevreden 580 IR 19  ✓ ✓ 

Witnek 581 IR 7  ✓ ✓ 

Witnek 581 IR 10  ✓ ✓ 

Bonsma, Herman Hartbeestfontein 522 IR 31    

Botha, Moses 

Carmona 536 IR 5 ✓ ✓ ✓ 

Hartbeestkuil 537 IR 5 ✓ ✓ ✓ 

Hartbeestkuil 537 IR 6 ✓ ✓ ✓ 

Hartbeestkuil 537 IR 7 ✓ ✓ ✓ 

Hartbeestkuil 537 IR 8 ✓ ✓ ✓ 

Hartbeestkuil 537 IR 9 ✓ ✓ ✓ 

Hartbeestkuil 537 IR 19 ✓ ✓ ✓ 

Hartbeestkuil 537 IR 20 ✓ ✓ ✓ 

Klipdrift 324 IS 0 ✓ ✓ ✓ 

Klipdrift 324 IS 1 ✓ ✓ ✓ 

Klipdrift 324 IS 2 ✓ ✓ ✓ 

Paardefontein 584 IR 21 ✓ ✓ ✓ 

Paardekuil 583 IR 0 ✓ ✓ ✓ 

Platkop 543 IR 10 ✓ ✓ ✓ 

Bothma, G H P 

Hartbeestfontein 522 IR 10  ✓ ✓ 

Hartbeestfontein 522 IR 11  ✓ ✓ 

Hartbeestfontein 522 IR 19  ✓ ✓ 

Hartbeestfontein 522 IR 22  ✓ ✓ 

Hartbeestfontein 522 IR 24  ✓ ✓ 

Bothma, Johan 
Leeuwkraal 517 IR 1  ✓ ✓ 

Hartbeestfontein 522 IR 1  ✓ ✓ 

Bowker, Rodney Miles Poortjesfontein 398 IS 2  ✓  

Britz, Ben 

Weltevreden 580 IR 10  ✓ ✓ 

Weltevreden 580 IR 22  ✓ ✓ 

Witnek 581 IR 8  ✓ ✓ 

Calitz, Danie 

Grootpan 592 IR 1 ✓ ✓ ✓ 

Grootpan 592 IR 4 ✓ ✓ ✓ 

Grootvley 579 IR 1 ✓ ✓ ✓ 

Grootvley 579 IR 2 ✓ ✓ ✓ 

Grootvley 579 IR 3 ✓ ✓ ✓ 
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Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Calitz, Danie 

Grootvley 579 IR 7 ✓ ✓ ✓ 

Grootvley 579 IR 10 ✓ ✓ ✓ 

Grootvley 579 IR 16 ✓ ✓ ✓ 

Grootvley 579 IR 18 ✓ ✓ ✓ 

Campbell, Stephen 
Goedgedacht 595 IR 0    

Goedgedacht 595 IR 5    

Coetzee,  Jan Carel 

Grootvley 579 IR 15   ✓ 

Grootvley 579 IR 19   ✓ 

Mahemsfontein 544 IR 3   ✓ 

Cronje, AH Zandbaken 585 IR 5  ✓ ✓ 

Cronje, Frederik AJ Grootvley 579 IR 13    

De Kok, Marinus Robert Grootpan 591 IR 10    

De Witt, Wynand 

Hartbeestkuil 537 IR 0  ✓ ✓ 

Paardefontein 584 IR 12  ✓ ✓ 

Paardefontein 584 IR 17  ✓ ✓ 

Weltevreden 580 IR 0  ✓ ✓ 

Weltevreden 580 IR 5  ✓ ✓ 

Weltevreden 580 IR 13  ✓ ✓ 

Weltevreden 580 IR 14  ✓ ✓ 

Weltevreden 580 IR 15  ✓ ✓ 

Weltevreden 580 IR 16  ✓ ✓ 

Dippenaar, LA 
Gegund, 520 IR 6    

Wildealskraal 518 IR 14    

Dreyer, Thomas F Grootpan 591 IR 8    

Droste, Tim Bankjes 588 IR 3   ✓ 

Du Plessis, Kobus 
Hartbeestfontein 522 IR 6  ✓ ✓ 

Hartbeestfontein 522 IR 25  ✓ ✓ 

du Preez, JT 

Grootvley 579 IR 4  ✓ ✓ 

Grootvley 579 IR 17  ✓ ✓ 

Strydom 578 IR 1  ✓ ✓ 

Weltevreden 580 IR 7  ✓ ✓ 

Weltevreden 580 IR 9  ✓ ✓ 

Erasmus, BPG Hartbeestfontein 522 IR 20    

Gordon, Raleigh 

Grootvley 579 IR 5 ✓ ✓ ✓ 

Weltevreden 580 IR 4 ✓ ✓ ✓ 

Weltevreden 580 IR 23 ✓ ✓ ✓ 

Gouws, WAS Groenvley 590 IR 0    

Harvey, Leonard Colin Grootvley 579 IR 22    

Hatting, Phillipus W Hartbeestdraai 620 IR 4  ✓ ✓ 

Hatting, Frank Philip Hartbeestdraai 620 IR 5    

Holder, Collin Vogelstruisfontein 593 IR      

Horn, Gideon Phillipus Witnek 581 IR 2  ✓ ✓ 

Jankowitz, JA Klipdrift 324 IS 5  ✓ ✓ 
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Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Klipdrift 324 IS 6  ✓ ✓ 

Klipdrift 324 IS 7  ✓ ✓ 

J van Rensburg, Reinier Bankjes 588 IR 2   ✓ 

J van Vuuren, Anna M Poortjesfontein 398 IS 13    

J van Rensburg, 
Stephanus, Johannes 

Klipfontein 621 IR 19 
   

Kerslake, Dick 

Carmona 536 IR 6  ✓ ✓ 

Doornhoek 577 IR 0  ✓ ✓ 

Hartbeestdraai 619 IR 0  ✓ ✓ 

Hartbeestdraai 619 IR 2  ✓ ✓ 

Hartbeestkuil 537 IR 1  ✓ ✓ 

Hartbeestkuil 537 IR 10  ✓ ✓ 

Hartbeestkuil 537 IR 11  ✓ ✓ 

Hartbeestkuil 537 IR 12  ✓ ✓ 

Hartbeestkuil 537 IR 13  ✓ ✓ 

Hartbeestkuil 537 IR 14  ✓ ✓ 

Hartbeestkuil 537 IR 17  ✓ ✓ 

Hartbeestkuil 537 IR 18  ✓ ✓ 

Hartbeestkuil 537 IR 21  ✓ ✓ 

Hartbeestkuil 537 IR 23  ✓ ✓ 

Groenvley 589 IR 0  ✓ ✓ 

Grootpan 591 IR 0  ✓ ✓ 

Grootspruit 617 IR 2  ✓ ✓ 

Grootspruit 617 IR 9  ✓ ✓ 

Grootspruit 617 IR 17  ✓ ✓ 

Paardefontein 584 IR 10  ✓ ✓ 

Sandbaken 363 IS 0  ✓ ✓ 

Sandbaken 363 IS 4  ✓ ✓ 

Weltevreden 580 IR 21  ✓ ✓ 

Witnek 581 IR 3  ✓ ✓ 

Witnek 581 IR 4  ✓ ✓ 

Witnek 581 IR 9  ✓ ✓ 

Witpoort 545 IR 6  ✓ ✓ 

Witpoort 545 IR 6  ✓ ✓ 

Kleynhans, Dries 

Weltevreden 580 IR 15    

Weltevreden 580 IR 17    

Weltevreden 580 IR 20    

Klopper, Lucas 

Carmona 536 IR 4 ✓ ✓ ✓ 

Platkop 543 IR 5 ✓ ✓ ✓ 

Wolvenfontein 534 IR 9 ✓ ✓ ✓ 

Klopper, Lucas 

Wolvenfontein 534 IR 18 ✓ ✓ ✓ 

Platkop 543 IR 4 ✓ ✓ ✓ 

Platkop 543 IR 9 ✓ ✓ ✓ 

Wolvenfontein 534 IR 7 ✓ ✓ ✓ 
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Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Wolvenfontein 534 IR 16 ✓ ✓ ✓ 

Kotze JH 

Holgatsfontein 535 IR 16  ✓ ✓ 

Holgatsfontein 535 IR 18  ✓ ✓ 

Holgatsfontein 535 IR 19  ✓ ✓ 

Holgatsfontein 535 IR 20  ✓ ✓ 

Holgatsfontein 535 IR 22  ✓ ✓ 

Kriek JJ Holgatsfontein 535 IR 14    

Kruger, Albertus JA 

Groenvley 590 IR 4    

Groenvley 590 IR 8    

Groenvley 590 IR 10    

Kruger, Martha EA Groenvley 590 IR 9    

Kruger, Pik Groenvlei 1    

Lamplough, Pamela Mary  Oudehoutspruit 586 IR 0    

Lanser, EA Holgatsfontein 535 IR 2    

Lanser, JJ 
Holgatsfontein 535 IR 1    

Leeuwkraal 517 IR 8    

Lawrence, Anthony 
Grootpan 591 IR 4  ✓ ✓ 

Vogelstruisfontein 593 IR 1  ✓ ✓ 

le Roux, Francois, J Weltevreden 580 IR 12   ✓ 

Lemmer, DCW Leeuwkraal 517 IR 7    

Lourens, Chris-An Hartbeestfontein 522 IR 5  ✓  

Louwrens, Koos 
Kaalspruit 528 IR 0  ✓ ✓ 

Kaalspruit 528 IR 2  ✓ ✓ 

Malan, Johannes 
Rousseau 

Syferfontein 326 IS 11 
   

Mentz, MJ Hartbeestfontein 522 IR 27    

Moolman, Herman Grootpan 592 IR 0  ✓ ✓ 

  Grootpan 592 IR 5  ✓ ✓ 

Moolman, Christo Grootpan 592 IR 2    

Moolman, Maria M Grootpan 591 IR 7    

Moolman, Theuns Hartbeesdraai    ✓  

Nel, Louwrens M 
Drukfontein 613 IR 6    

Drukfontein 613 IR 7    

Peirce, JY Mahemsfontein 544 IR 5  ✓ ✓ 

Peirce, MV Mahemsfontein 544 IR 6    

Pieterse, Nico  Syferfontein 326 IS 11  ✓ ✓ 

Pistorius, Tinus 
Kaalspruit 528 IR 13  ✓ ✓ 

Boschmansfontein 523 IR 13  ✓ ✓ 

Pistorius, Willem 

Paardefontein 584 IR 1  ✓ ✓ 

Paardefontein 584 IR 3  ✓ ✓ 

Paardefontein 584 IR 4  ✓ ✓ 

Paardefontein 584 IR 13  ✓ ✓ 

Paardefontein 584 IR 16  ✓ ✓ 
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Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Paardefontein 584 IR 9  ✓ ✓ 

Paardefontein 584 IR 20  ✓ ✓ 

Vogelstruisfontein 593 IR 3  ✓ ✓ 

Vogelstruisfontein 593 IR 7  ✓ ✓ 

Riekert, Dirk 

de Pan 615 IR 0  ✓  

de Pan 615 IR 2  ✓  

de Pan 615 IR 14  ✓  

de Pan 615 IR 15  ✓  

Shabangu, Thandiwe 

Groenvley 589 IR 3    

Grootpan 591 IR 5    

Grootvley 579 IR 8    

Grootvley 579 IR 9    

Grootvley 579 IR 12    

Oudehoutspruit 586 IR 1    

Oudehoutspruit 586 IR 2    

Oudehoutspruit 586 IR 17    

Oudehoutspruit 586 IR 22    

Oudehoutspruit 586 IR 23    

Smith, Hardus 

Carmona 536 IR 1  ✓ ✓ 

Carmona 536 IR 3  ✓ ✓ 

Holgatsfontein 535 IR 11  ✓ ✓ 

Smith JWJ (Christo) 

Holgatsfontein 535 IR 7  ✓ ✓ 

Holgatsfontein 535 IR 10  ✓ ✓ 

Holgatsfontein 535 IR 12  ✓ ✓ 

Holgatsfontein 535 IR 13  ✓ ✓ 

Smith, Vernon X Mount Pleasant 594 IR 0   ✓ 

Botha, Moses (contact p: 
Riaan Snyman) 

Holgatsfontein 535 IR 6 
 ✓ ✓ 

Botha, Moses Holgatsfontein 535 IR 15  ✓ ✓ 

Spies, Gerhard 
Syferfontein 326 IS 00009    

Syferfontein 326 IS 00010    

Spies, L P A 
Klipdrift 324 IS 8  ✓ ✓ 

Kromdraai 325 IS 8  ✓ ✓ 

Strydom, SA Weltevreden 580 IR 24    

Swanepoel, Pieter A Elandslaagte 618 IR 10  ✓ ✓ 

Urquhart, AA 
Hartbeestkuil 537 IR 15 ✓ ✓ ✓ 

Kaalspruit 528 IR 6 ✓ ✓ ✓ 

Urquhart, AA 

Kaalspruit 528 IR 9 ✓ ✓ ✓ 

Raskop 677 IR 0 ✓ ✓ ✓ 

Raskop 677 IR 1 ✓ ✓ ✓ 

Raskop 677 IR 2 ✓ ✓ ✓ 

Raskop 677 IR 3 ✓ ✓ ✓ 

Raskop 677 IR 4 ✓ ✓ ✓ 

Raskop 677 IR 5 ✓ ✓ ✓ 
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Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Raskop 677 IR 6 ✓ ✓ ✓ 

Raskop 677 IR 8 ✓ ✓ ✓ 

Raskop 677 IR 9 ✓ ✓ ✓ 

Raskop 677 IR 10 ✓ ✓ ✓ 

Raskop 677 IR 12 ✓ ✓ ✓ 

Raskop 677 IR 13 ✓ ✓ ✓ 

Raskop 677 IR 14 ✓ ✓ ✓ 

Raskop 677 IR 18 ✓ ✓ ✓ 

Raskop 677 IR 19 ✓ ✓ ✓ 

Raskop 677 IR 20 ✓ ✓ ✓ 

Roodebank 323 IS 1 ✓ ✓ ✓ 

Roodebank 323 IS 13 ✓ ✓ ✓ 

Roodebank 323 IS 20 ✓ ✓ ✓ 

Strybult 524 IR 0 ✓ ✓ ✓ 

Wolvenfontein 534 IR 1 ✓ ✓ ✓ 

Wolvenfontein 534 IR 3 ✓ ✓ ✓ 

Wolvenfontein 534 IR 4 ✓ ✓ ✓ 

Wolvenfontein 534 IR 6 ✓ ✓ ✓ 

Wolvenfontein 534 IR 8 ✓ ✓ ✓ 

Wolvenfontein 534 IR 14 ✓ ✓ ✓ 

Wolvenfontein 534 IR 15 ✓ ✓ ✓ 

Wolvenfontein 534 IR 17 ✓ ✓ ✓ 

Wolvenfontein 534 IR 19 ✓ ✓ ✓ 

Wolvenfontein 534 IR 20 ✓ ✓ ✓ 

Wolvenfontein 534 IR 21 ✓ ✓ ✓ 

Wolvenfontein 534 IR 22 ✓ ✓ ✓ 

van Dyk, Frans 

Drukfontein 613 IR 4  ✓ ✓ 

Drukfontein 613 IR 5  ✓ ✓ 

Goedgedacht 595 IR 2  ✓ ✓ 

Vogelstruisfontein 593 IR 5  ✓ ✓ 

Vogelstruisfontein 593 IR 6  ✓ ✓ 

Vogelstruisfontein 593 IR 10  ✓ ✓ 

Vogelstruisfontein 593 IR 11  ✓ ✓ 

 
van Dyk, Jacobus 
 
 

Grootvley 579 IR 20  ✓ ✓ 

Mahemsfontein 544 IR 4 
 ✓ ✓ 

van Dyk, Johan 

Hartbeestdraai 620 IR 6    

Hartbeestdraai 620 IR 7    

Hartbeestdraai 620 IR 8    

Botha, Moses (contact p: 
Van Dyk Jurgens) 

Platkop 543 IR 11 
✓ ✓ ✓ 

van Eeden, Louis Pieter Vogelstruisfontein 593 IR 2  ✓ ✓ 

Van Jaarsveld, R Hartbeestfontein 522 IR 9  ✓  

van Jaarsveld, HC / 
Engelbrecht, CF 

Mahemsfontein 544 IR 0  ✓ ✓ 

Mahemsfontein 544 IR 7  ✓ ✓ 
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Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Mahemsfontein 544 IR 8  ✓ ✓ 

van der Merwe, JTP Boschmansfontein 523 IR 1    

Venter, Diederick Boschmansfontein 523 IR 17   ✓ 

Wessels, AH 

Klipdrift 324 IS 3  ✓ ✓ 

Klipdrift 324 IS 4  ✓ ✓ 

Roodebank 323 IS 6  ✓ ✓ 

Roodebank 323 IS 7  ✓ ✓ 

Roodebank 323 IS 9  ✓ ✓ 

Roodebank 323 IS 10  ✓ ✓ 

Roodebank 323 IS 11  ✓ ✓ 

Roodebank 323 IS 12  ✓ ✓ 

Roodebank 323 IS 18  ✓ ✓ 

Roodebank 323 IS 19  ✓ ✓ 

Wolvenfontein 534 IR 0  ✓ ✓ 

  Grootvley 579 IR 11    

  Weltevreden 580 IR 6    

  Weltevreden 580 IR 11    

  Witnek 581 IR 6    

  Klipfontein 621 IR 1    

  Groenvley 590 IR 7    

  Vogelstruisfontein 593 IR 9    

  Hartbeestdraai 620 IR 0    

  Hartbeestdraai 620 IR 1    

  Hartbeestdraai 620 IR 9    

  Hartbeestdraai 620 IR 10    

  Hartbeestdraai 620 IR 11    

  Klipfontein 621 IR 2    

  Klipfontein 621 IR 16    

  Klipfontein 621 IR 21    

  Gegund, 520 IR 1    

  Klipfontein 621 IR 6    

  
 
 
 

Klipfontein 621 IR 8 

   

Earlybird Farm 

Klipdrift 324 IS 9   ✓ 

Klipdrift 324 IS 10   ✓ 

Weltevreden 580 IR 10   ✓ 

  Grootpan 592 IR 3    

Hartbeestfontein en 
smaldeel boerderye 

Hartbeestfontein 522 IR 0  ✓  

Hartbeestfontein 522 IR 14  ✓  

  

Grootpan 591 IR 3    

Grootpan 591 IR 9    

Grootspruit 617 IR 3    

Grootspruit 617 IR 10    

  Boschmansfontein 523 IR 4    
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Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Boschmansfontein 523 IR 10    

Lane Reynolds Trust 

Grootpan 591 IR 1  ✓ ✓ 

Grootspruit 617 IR 5  ✓ ✓ 

Grootspruit 617 IR 11  ✓ ✓ 

Grootspruit 617 IR 14  ✓ ✓ 

Grootspruit 617 IR 15  ✓ ✓ 

Grootspruit 617 IR 19  ✓ ✓ 

Grootspruit 617 IR 18  ✓ ✓ 

Zandbaken 585 IR 1  ✓ ✓ 

Lazy K Estate 

Oudehoutspruit 586 IR 20  ✓  

Witnek 581 IR 5  ✓  

Witnek 581 IR 11  ✓  

  Weltevreden 580 IR 8    

  
Paardefontein 584 IR 8    

Paardefontein 584 IR 0    

  Carmona 536 IR 2    

  
Oudehoutspruit 586 IR 4    

Oudehoutspruit 586 IR 21    

  Strydom 578 IR 0    

  
Hartbeestfontein 522 IR 15    

Hartbeestfontein 522 IR 16    

  Drukfontein 613 IR 2    

  Vogelstruisfontein 593 IR 0    

  Hartbeestdraai 620 IR 15    

  Drukfontein 613 IR 3    

  
Groenvley 590 IR 1    

Groenvley 590 IR 2    

  Doornhoek 577 IR 0    

  Gegund, 520 IR 0    

  Groenvley 589 IR 1    

  Groenvley 589 IR 2    

  Kafferspruit 527 IR 8    

  Wildealskraal 518 IR 0    

De Jager, M (Tinus) Syferfontein 326 IS R0014       
Dreyer, JJ           
Du Toit, Connie           
Kleynhans, Dries           
Jansen van Rensburg, JN Syferfontein 326 IS R0004       
Terblanche, CJ Roodebank 323 IS 00024       

Van Vuuren, ID Boschmansfontein 523 IR 00008       

Fourie, Martin Ouhoutdraai         
Jordaan, Daan Wolwefontein         
Louwrens, Foeta Otterskuilen         
Van Rensburg, Johan Otterskuilen         
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Name of owner Farm Name Farm Portion 

Usage 

Irrigation Livestock Domestic 

Sawyer, Tom Oudehoutspruit 586 IR         

4.2.5 BIOMONITORING 

Biomonitoring has been addressed in the main EMP document. 

4.2.6 WATER AUTHORITY 

The water authority is the Department of Water Affairs and Environment, Gauteng Region. 

4.3 INTERESTED AND AFFECTED PARTIES 

As part of the Public Participation Process that was undertaken for the proposed 
Impumelelo, the following relevant Authorities were identified, and were involved in the 
EIA process of the proposed project:  

 Department of Minerals and Energy (DME), 

 Department of Water Affairs and Forestry (DWAF), 

 National Department of Agriculture (NDA), 

 Mpumalanga Department of Agriculture and Land Administration (MDALA),  

 Mpumalanga Tourism and Parks Agency, and 

 XX Local Municipality. 
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PPAARRTT  55::  PPUUBBLLIICC  PPAARRTTIICCIIPPAATTIIOONN  PPRROOCCEESSSS  

 
The public participation process has been undertaken in line with the requirements of 
NEMA, 1998, the NWA, 1998, and the MPRDA, 2002. 

Issues raised around surface water are discussed below. 

 
5.1 ISSUES OF CONCERN RAISED BY THE INTERESTED AND AFFECTED PARTIES 

The public participation process has still to be undertaken.  This section will be completed 
once comments have been received. 
 

5.2 FURTHER CONSULTATION WITH INTERESTED AND AFFECTED PARTIES  

The public participation process has still to be undertaken.  This section will be completed 
once comments have been received. 
 

5.3 CONSULTATION WITH THE RELEVANT AUTHORITIES 

This has still to be undertaken. 
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PPAARRTT  66::  CCOONNSSIIDDEERRAATTIIOONN  OOFF  AALLTTEERRNNAATTIIVVEESS  

 
In accordance with Section 50 (d) of the Mineral and Petroleum Resources Development 
Regulations, GN R527, under the MPRDA, 2002, as well as Section 32 (2) (f) of the 
Environmental Impact Assessment (EIA) Regulations R.385, dated April 2006 under Act 
107 of NEMA, 1998 the alternatives considered in terms of minimising the impacts on 
surface water and the overall water balance are discussed here. 
 

6.1 ALTERNATIVES CONSIDERED DURING THE ENVIRONMENT IMPACT 
ASSESSMENT (EIA) PHASE 

Various alternatives were evaluated in terms of the overall water management, including 
the following issues: - 

Clean water management 

The environmental team have made inputs to the mining alternatives in order to minimise 
the impacts on surface water.  The following was considered: - 

 The initial mining plan was based on maximising the resource, particularly in terms 
of high extraction but excluding all areas within the 1:100year floodlines. 

 High risk areas in terms of surface water were identified based on mapping of 
rocky outcrop areas and shallow soil cover.  These areas were fed back to the 
design team, and the mine plan changed to exclude 20% of the total mining area. 

 The entire mining infrastructure on surface and is located close to the watershed to 
minimise the extent of streams adjacent to the coal handling infrastructure. 

 
Minimising dirty water make 
 
The minimisation of dirty water make will be achieved as follows: - 

 No watercourses will be directly impacted on by the workings by ensuring high 
extraction is not undertaken beneath these structures. 

 Consideration has been given to forming compartments underground to allow 
storage of water within the mined out areas.  By implication, the volume of water to 
be pumped to surface or managed on surface can be reduced by strategies such 
as mining uphill on the coal seam where practical, mining compartments that can 
be easily sealed post mining for storage of water, and delaying high extraction for 
as long as is practical within the mine plan.  There are also advantages associated 
with water chemistry where mined out areas are flooded, since by excluding 
oxygen from these areas, the oxidation of pyrites can be significantly reduced. 

 
Maximising the reuse of dirty water 
 
Dirty water will be collected and stored at the Dirty Water Dam for reuse as dust 
suppression.  Dirty water will also be used at the coal crushing areas for dust suppression. 
 
Post closure it is intended to pump water to a facility for treatment if required. 
 
Implementing treatment where required 

The treatment of water generated by mining activities during both the operational and post 
mining phases is expected to be required due to the likely poor quality of water.  Sasol 
already treats mine water at their plant at the main factory. 

It is planned to treat water at a rate of around 2000m3/day for the period 2017/18 to 2024. 

In terms of post closure, it should be noted that Sasol Mining has observed stratification of 
water at their deeper mines, notably at Sigma Colliery, with the upper water quality in the 
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decant zones being of a significantly better quality than deeper in the workings.  This may 
still reduce or even exclude the need for treatment of this water.  Nevertheless, the 
financial provision is based on the full treatment cost for the water. 

 
6.1.1 ALTERNATIVES IN TERMS OF TECHNOLOGY 

 Use of Reverse Osmosis or similar technologies 

As indicated previously, if the average water make is positive then over a short 
period of time, a significant volume of water can potentially be generated.  Options 
to manage a surplus are numerous, including alternatives such as large surface 
water dams or pans with associated significant evaporative losses, irrigation with 
mine water, and storage underground.  Of those considered: - 

• Storage underground has a positive benefit in terms of excluding oxygen, a 
major factor in the generation of acid mine drainage. 

• Irrigation with mine water has the potential of reducing clean water usage 
from catchments for irrigation, but has not been approved by the authorities 
due to concerns around soil and groundwater contamination. 

• Large dams constructed purely for evaporation purposes are problematic in 
the Highveld because the topography is not favourable, evaporative losses 
are not as significant as in the more arid areas, and potential concerns exist 
around the hazardous nature of evaporated mine water specifically if it 
contains elevated metals. 

Because of the above and the need for potable water in the Highveld area, several 
water treatment plants have been constructed and are being planned to produce 
potable water from mine water. 

At Impumelelo the main disadvantage is that water treatment is only required for a 
period of some 7 years out of a total mine life of around 32 years.  This limits the 
potential to supply water to users in the area, and the possibility exists that a 
temporary plant will be utilised, potentially discharging to the catchment unless a 
short term option exists to supply water in the area. 

An EIA will be required for the plant, and this will be undertaken prior to construction 
addressing the plant, the potential waste products and the required Water Use 
Licences. 

 
6.1.2 ALTERNATIVES IN TERMS OF MINE PLAN 

The options considered to exclude sensitive areas and areas of higher ingress have been 
described previously.  While options were also considered in terms of mining uphill on the 
coal seam to minimise the water make from the operational phase, the shaft location has 
been pre-determined based on the required surface infrastructure and the significant 
extent of the mine.  No further options have been considered at this stage. 

6.1.3 COAL TRANSPORTATION ALTERNATIVES 

Given the significant distance of the shaft from the Sasol Synfuels complex, conveyors 
were considered the only viable and environmentally acceptable option over the life of the 
mine. 
 

6.1.4 OTHER INFRASTRUCTURE ALTERNATIVES 

Alternatives around the infrastructure layout have been considered to minimise the dirty 
water footprint.  Some further optimisation is likely before the final submission of the EMP 
document. 
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PPAARRTT  77::  EENNVVIIRROONNMMEENNTTAALL  IIMMPPAACCTT  AASSSSEESSSSMMEENNTT,,  MMIITTIIGGAATTIIOONN  MMEEAASSUURREESS    

AANNDD  AACCTTIIOONN  PPLLAANN  ((IINNCCLLUUDDIINNGG  FFIINNAANNCCIIAALL  PPRROOVVIISSIIOONN))  

 
The rating of impacts on the site used here is standardised for the various specialists assessing 
the potential impacts of Impumelelo on the environment.  The key criteria are discussed below. 

 

EXTENT 

Site Effect limited to the site and its immediate surroundings. 

Local Effect limited to within 3 – 5 km of the site. 

Regional Effect will have an impact on a regional scale. 

DURATION OF IMPACT 

Short Effect lasts for a period 0 to 5 years. 

Medium Effect continues for a period between 5 and 10 years. 

Long 
Effect will cease after the operational life of the activity either because of natural 

process or by human intervention. 

Permanent 

Where mitigation either by natural process or by human intervention will not 

occur in such a way or in such a time span that the impact can be considered 

transient. 

PROBABILITY 

Improbable Less than 33 % chance of occurrence. 

Probable Between 33 and 66 % chance of occurrence. 

Highly 

Probable 
Greater than 66 % chance of occurrence. 

Definite Will occur regardless of any prevention measures. 

SIGNIFICANCE OF IMPACT 

Low 
Where the impact will have a relatively small effect on the environment and will 

not have an influence on the decision. 

Medium 
Where the impact can have an influence on the environment and the decision 

and should be mitigated. 

High 
Where the impact definitely has an impact on the environment and the decision 

regardless of any possible mitigation. 

STATUS 

Positive Impact will be beneficial to the environment. 

Negative Impact will not be beneficial to the environment. 

Neutral Positive and negative impact. 

It is important to note that in order to quantify the potential impacts, the general format of the 
assessment is to first assess the impact assuming no mitigatory measures are applied.  In some 
instances, these impacts could not result without extreme or unlawful practices, such as 
discharging all of the affected water from mining into the river system.  However, this provides a 
basis for the “worst case” scenario, from which mitigation measures can be evaluated (such as 
containment or treatment for example) and the residual impact indicated. 

As required by the MPRDA, cumulative impacts are also assessed as and where this is 
practical. 
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The format of the document is as follows: - 

− Section 7.1; the nature of the various activities are described in terms of the phases 
of the project, from construction through to post closure of the mine. 

− Section 7.2; the activities are then assessed, detailing the potential impacts, 
proposed mitigation and residual impact over the full life cycle of the project. 

− Section 7.3; the residual or post closure impacts are discussed.  This section will 
serve as a basis for compiling the closure plan for the mine in line with the MPRDA, 
2002. 

− Section 7.4; the proposed mitigations discussed in the previous sections are 
summarised in tabular format as requested to form a summarised action plan. 

 
7.1 ACTIVITIES TO BE UNDERTAKEN AT THE PROPOSED  IMPUMELELO SHAFT 

THAT POTENTIALLY AFFECT SURFACE WATER 

The following activities will be undertaken during the various phases of the mining 
activity: - 
 

 Construction Phase. 

This phase will commence when the contractor’s arrive on site to begin with the 
infrastructure construction, and will end as soon as mining of the coal seam 
commences.  Note that during shaft sinking, there will be some carbonaceous 
material removed from the shaft, as well as potentially water encountered 
during the sinking of the shaft. 

Activities to be undertaken potentially impacting on surface water include the 
following: - 

− Construction of water management infrastructure, including clean water 
canals keeping runoff away from coal handling areas, and dirty water 
management systems, primarily canals and dams. 

− Sinking of the inclined and vertical shafts.  This will include placement of 
overburden removed from the shafts into a dump within the dirty water 
system and management of any water generated during the shaft sinking. 

− Construction of coal handling infrastructure, including conveyors, screens 
and crushers, stockpile areas and a coal bunker.  Various roads are also 
part of the infrastructure such as service roads for the conveyor, and access 
roads. 

 Operational Phase  

This phase commences at the end of the construction period, and will end when 
the last load of coal is removed from the underground mine. 

Mining activities will involve the removal of coal from underground.  This 
removal of coal does not necessarily impact directly on surface water, but the 
indirect activities that can impact on surface water include the following: - 

− Water will be pumped from the underground workings, and managed both 
on surface and underground.  The potential for spillage of water affected by 
mining therefore exists. 

− Because high extraction will be utilised, collapse of sections of the workings 
can be expected, with some associated disturbance of the surface.  These 
areas can result in loss of yield for surface water, increased ingress to 
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underground, and sometimes the development of areas that pond, 
potentially affecting the surface use. 

− Coal is handled on surface, being screened and crushed, stored prior to 
transportation, and then transported on an overland conveyor.  All of these 
activities have the potential for rain water or surface water to contact with 
the coal which will in turn impact on water quality.  

 Decommissioning Phase 

This phase starts at the end of the operational phase, and involves the closing 
down of the mine.  In theory this phase ends when the mine obtains Closure 
from the authorities, but it may include a period where there is no activity on the 
mine other than monitoring prior to Closure being obtained.  Note that Closure 
refers to the point at which the State assumes responsibility for the liabilities 
associated with the mine.  This acceptance is in turn based on the mine 
providing an acceptable financial provision to meet any future costs, and the 
attainment of various closure objectives set for the mine. 

Activities expected for this period include: - 

− Closing of the shafts, including placement of material back into the shaft. 

− Removal or cleaning of the coal handling infrastructure.  For example, coal 
bunkers may not need to be demolished if they can be reused for other 
purposes after cleaning to ensure there is no residual impact on surface and 
ground water. 

− Removal or cleaning of dirty water facilities.  In some instances, dirty water 
dams (for example) may be retained to manage post mining water make. 

 
 Post-closure  

This phase will commence once the mine has obtained Closure.  It has no 
defined end, with the State managing the post closure impacts related to 
mining.  However, should the authorities deem that the mine has not correctly 
defined the residual impacts, the mine could also be required to address future 
impacts even after a closure certificate has been issued. 

Activities expected for this period include: - 

− Management of water entering the underground workings assuming that the 
upper layers of water within the mined out area or at decant level are not 
suitable for discharge. 

− Monitoring of aspects such as surface and ground water quality, the 
potential unauthorised use of water from the mine, and land stability. 
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7.2 ENVIRONMENTAL IMPACT ASSESSMENT AND MITIGATION MEASURES 

The various activities are discussed below in terms of the nature of the activity that 
could potentially impact on surface water, the nature of the impact if not mitigated, 
possible mitigations and the post mitigation impact. 

7.2.1 MINING ACTIVITY 

This section details activities and consequences related to the removal of coal from the 
coal seam.  It should be noted that the mining area at Impumelelo is significant, 
involving the undermining of extensive farm land as well as stream (although with only 
bord and pillar mining beneath the streams).  The potential impacts are discussed 
below. 
 

7.2.1.1 Construction Phase 
 

7.2.1.1.1 Material from the shaft sinking activities 

Impact assessment 

The construction phase is considered to end once carbonaceous material is 
exposed within the shafts.  However, much of the initial rock removed prior to the 
exposing of coal has the potential to contain some carbonaceous material.   

The hard rock removed from the initial box cut will be placed in the overburden 
dump area as indicated in Figure 3.3.2.1(a).  This material will remain in the dump 
for the duration of mining, where after it will be placed back into the shafts.   

Without mitigation, the dumps have the potential to affect the downstream rivers.  If 
the water were to be allowed to drain to the catchment, the impact would be 
probably MODERATE in the short term, due to the volume of water being expected 
to be relatively small, but potentially impacted on in terms of water quality. 

Mitigation 

Mitigation of runoff discharging to the catchment: - 

• A clean water cut-off system will be constructed upstream of the overburden 
dump. 

• The overburden dump will be located within the dirty water system, and drain 
to the dirty water dam.  From here, water will be abstracted for dust 
suppression purposes. 

• Monitoring of the water qualities in the streams downstream will be 
undertaken.   

• The overburden dump design will include consideration of possible seepage to 
ensure this will drain to the dirty water system. At this stage it is not expected 
that subsurface seepage collection will be required. 

Residual impact 

Based on the expectation that this material has a low risk of affecting the 
catchment and that any seepage can be contained as indicated, the residual 
impact is considered to be as probably VERY LOW in the short term. 

 
7.2.1.1.2 Dewatering of water ingress to the shaft 

While an overall assessment of the expected water make to mining has been 
compiled by the geohydrologists, localised specific investigations to quantify the 
inflows to the shaft area have not been undertaken to date.  The information below 
is based on Sasol Mining’s experience with similar shafts. 
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Impact assessment 

The groundwater quality from the shafts is likely to be slightly to moderately 
impacted on in terms of sulphates and TDS.  If the water were to be allowed to spill 
to the catchment, the impact would be probably LOW in the short term, due to the 
volume of water being expected to be relatively small, but potentially impacted on in 
terms of water quality. 

Mitigation 

The water will be contained at the site for use for dust suppression and to assist 
with drilling, and not discharged.  The volumes of water expected to be generated 
are likely to be less than 100m3/day, the volume expected to be covered in a 
General Authorisation.  A Water Use Licence for the dewatering of groundwater 
encountered during mining will be applied for, including the reuse of this water for 
dust suppression.  Surplus water will be placed into the Dirty Water Dam as soon as 
construction is completed. 

Residual impact 

Based on no discharge of water to the river system for an event with a 2% or higher 
risk of occurrence in any one year, the residual impact is assessed as definitely 
LOW in the short term. 

7.2.1.2 Operational Phase 

7.2.1.2.1 Catchment yield 

Impact assessment 

 Impumelelo is located in the headwaters of the Waterval catchments in the Vaal 
Dam catchment downstream of Grootdraai Dam.  Surface water is used primarily 
for agricultural and livestock watering purposes, with abstraction from Vaal Dam 
and the barrage (upstream of the Klip River) for both potable and potable use. 

The receiving water body for the assessment of potential surface water quality 
impacts of the mine is taken as the Vaal Dam.  

The loss in yield associated with mining is primarily due to the shaft areas, 
overburden dumps (isolated from the catchment) and the related surface 
infrastructure areas.  Because the mining is underground mining, the loss in yield is 
relatively small, but increased by the extent of high extraction (compared to bord 
and pillar). 

The loss of yield is quantified as follows; - 

• The total area disturbed by mining totals some 150km2, compared to a 
catchment of 38 500km2 for Vaal Dam.  However, over the underground 
mining area that is not stooped the impact on surface and groundwater is 
considered to be negligible.  The proposed mining area that will be stooped 
is approximately 120km2, or some 0.3% of the Vaal Dam catchment.  
However, over the stooped area it is expected that most of the surface water 
will be largely unaffected, and only the groundwater component will be lost. 

• The infrastructure on surface totals less than 30ha and is considered to be 
negligible in terms of yield. 

The naturalised flow MAR for Vaal Dam is some 1950 x 106 m3 but this reduces to 
1400 x 106 m3.  To conservatively quantify the potential impact on yield, the full 0,3% 
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reduction has been indicated in the table below.  This figure assumes that non of the 
stooped areas will still drain to the catchment; in reality the actual loss in yield is less 
since not all runoff will be lost to the catchment. 

Table 7.2.1.2.1(a) – Expected total loss in catchment yield (groundwater and 
surface water) 

Description 
Total 

Catchment 
(km2) 

MAR 
Pre-mining 

x 106 m3 

MAR during 
mining 
x 106 m3 

% Reduction 

Vaal Dam  38 500 1400 1395.8 0.3 

    Note: Data taken from DWAF published figures. 

The impact in terms of loss of yield on the river system is probably LOW in the 
short to medium term (that is, in close proximity to the mine) and VERY LOW on 
Vaal Dam catchment if considered as a whole, also in the short to medium term. 

Note that the above loss is equivalent to some 11 500m3/day, which is more than 
the currently predicted average water make, which emphasises that the above 
values are conservative with the actual value probably of the order of 30 to 50% 
less than the above value based on the predicted water ingress to the mine 
workings. 

Mitigation 

Mitigation of the loss of yield during the operational phase will be undertaken as 
follows; - 

• The area of disturbance at the shafts will be kept to as small a footprint as is 
practical. 

• The surface of stooped areas will be inspected to ensure they remain free 
draining.  This will involve the use of surface teams undertaking civil works 
such as cutting drains where required to ensure areas of settlement can 
drain.  Sasol Mining has developed a range of strategies for stooped areas 
based on their experiences elsewhere. 

Residual Impact 

The residual impact in terms of loss of yield on the river system close to the mine 
will remain probably LOW in the short to medium term. 

7.2.1.2.2 Water quality 

The final receiving water body for the Impumelelo shaft is the Vaal Dam.  The 
downstream users have been identified as the aquatic life, informal and formal 
domestic use, recreation, and agricultural practices.  Stock farming occurs within the 
general area.  

It is important to indicate that the water balance assessment undertaken in Chapter 
3 is aimed at ensuring that the mine does not spill water during the operational 
phase, except for very extreme events related to floods in excess of 1:50 years (or 
2% in any one year).  The management measures detailed in Chapter 3 are 
mitigation measures, primarily the re-use of dirty water and storage underground. 

However, to merely indicate that the mine will not spill dirty water does not allow an 
assessment of the potential impact of non-compliance with the water management 
measures proposed.  In order to assess the impact without mitigation, the impact 
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assessment detailed below assumes that all dirty water could be discharged to the 
catchment, where after detail is provided on how this will be prevented. 

Impact assessment 

The water balance modelling in Chapter 3 indicates that the mine will have a water 
shortage for the initial approximately 3 to 4 years of mining. The water make, 
including dewatering and other inflows, exceeds the targeted usage at 
approximately 2016/2017.  For the period from 2017 to 2024 the mine will have a 
water surplus.  Thereafter, assuming use of underground storage the total mine 
water make will be below the targeted usage for the remainder of mining.  

For evaluation purposes, assume provisionally that up to 8700m3/day could 
potentially spill to the catchment, this being the average net water make over the 
operational period. 

The water quality indicated by Groundwater Complete is given in Table 7.2.1.2.2(a). 

Table 7.2.1.2.2(a) – Operational water qualities (Groundwater Complete) 

Parameter Most likely operational 
quality 

pH 
 
EC 
 
SO4 
 

6 to 7,7 
 

80 to 400mS/m 
 

90 to 1200mg/l 

Potential impact on in-stream aquatic life and downstream users 

The potential impact on aquatic life or downstream users of water within the 
rivers is highly dependent on the pH of the water discharged.  This is because 
acidic conditions will result in mobilisation of metals, and this would be a major 
contributing factor to the potential toxicity of the water.  Based on the prediction 
that the water is unlikely to be acidic during the operational phase, the following 
is predicted; - 

• Metals such as Fe and Al, although likely to be above guideline values, will 
probably only be marginally elevated (values of <10mg/l and <5mg/l 
predicted respectively). 

• An increase in electrical conductivity and overall salinity such that the water is 
unfit for potable use, as well as informal drinking.  

• Sulphate levels could be elevated to the point that there is a risk of 
developing diarrhoea in infants that may drink the water.  Miscarriages in 
cattle will also be possible at the higher levels of around 1200mg/l. 

• SAR (Sodium Adsorption Ratio) levels may be impacted on making the water 
unsuitable for irrigation without some form of mitigation, with Na levels of 70 
to 200mg/l predicted.  
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Impacts in terms of salt loading on dam systems 

The salt loading within the Vaal Dam catchment is hugely important due to the 
significance of the country of supplying water of an acceptable quality to the 
Witwatersrand area.  Based on an average water make of some 8700m3/day, 
and a sulphate concentration of around 1200mg/l (refer Groundwater Complete 
report), the mine could generate an average of 10 to 11 tons SO4 per day. 

If the mine were to discharge all of its affected water to the catchment towards 
the end of the life of mine, then the impact is considered to be definitely HIGH 
in the short to medium term potentially affecting the Vaal Dam. 

Mitigation 

The mine water balance will be managed as detailed in Chapter 3. These 
measures will include the following; - 

• Use of storage underground. 

• Re-use of dirty water. 

• Use of the water management containment facilities with a lower than 2% 
risk of spilling in any one year.   

• Provision for the treatment of water for the period where a surplus exists. 

• Provision for monitoring of the water balances and management of the 
water balance, as well as downstream river qualities to ensure that the 
above is achieved, has been detailed in Part 7.4.  

Over the life of the mine, any discharge from the mine would be in accordance 
with any licence that may be issued to the mine by the Department of Water 
Affairs and Forestry (DWAF), and managed by them.  No discharge is expected, 
however, even for events in excess of 1:50 year recurrence interval. 

Residual Impact 

Based on the successful implementation of the mitigation measures as 
discussed, it is assessed that there will be only be no greater than a 2% risk of 
spilling to the streams at any other time during the life of mining.  Further, any 
spillage would be during extreme flood events (greater than 1:50year events) 
when there would be significant dilution.  Based on this assessment, the residual 
impact is considered to be definitely LOW in the short to medium term. 

7.2.1.3 Decommissioning Phase 
 

7.2.1.3.1 Catchment yield 

The decommissioning phase will not significantly change the operational loss in 
yield, although some work may be undertaken to address any areas of subsidence, 
resulting in a reduction in a loss in yield. 

7.2.1.3.2 Water quality 

Once dewatering ceases, water levels will begin to recover. It is predicted that water 
levels will only reach decant levels 13 to 15years after mining ceases, well after 
decommissioning. 

It is therefore likely that water from the mining area will not affect the environment 
during decommissioning. 

Impact assessment 

No impact.  
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Mitigation 

None. 

Residual Impact 

None. 

7.2.1.4 Post Closure 

Impact Assessment 

Two aspects have been considered here, namely, the volume of leachate that could 
be generated, and the potential quality of decant.  The possible exposure pathway 
is also of importance, since poor quality leachate is of concern where aquatic 
systems or other users are at risk of exposure. 

Time to Decant 

The rate of recharge to the mine areas is expected to vary, with groundwater 
inflows reducing as the water level increases within the mine due to a reduced 
hydraulic gradient towards the mined out areas.  However, for the purposes of the 
calculation, recharge rates are assumed to be relatively constant over the period 
from cessation of dewatering until (without mitigation) decant reaches the potential 
decant level.  The output from the calculations is given in Table 7.2.1.4 (a), based 
on an average recharge rate of 12000m3/day. 

Table 7.2.1.4 (a): Post closure decant assessment for Impumelelo  

 

Rainfall 
conditions 

Flooding 
Rate 

(m3/annum) 

Volume to decant level 
(m3) 

Time to flood (Years) 

Average 
rainfall 

Around  
4 000 000 to 
4 500 000  

60 x 106m³ based on 50 x 
106m3 being used in the 

operational phase 
 

Predicted time to flood = 13 
to 15years, but some areas 

will be filling during the 
operational phase. 

Note: Decant elevations and decant times are provisional, and will be confirmed as models are 
calibrated with actual inflows. 

If the decant is not managed (as detailed below), there could be an impact on both the 
downstream catchment and the downstream dams. 

This impact is quantified following the discussion of the potential decant qualities.   

Assessment of the quality of decant 

Table 7.2.1.4(b) below gives the expected range in decant quality that can be expected at 
Impumelelo for selected parameters. 

Table 7.2.1.4 (b) - Decant quality to be expected at Impumelelo 

Parameter Most likely scenario 
decant quality 

pH 
 
EC 
 
SO4 
 

5 to 6 
 

750 to 1000mS/m 
 

2500mg/l 
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The impact of decant quality on downstream users is potentially significant.  The water is 
unlikely to be fit for use for the aquatic systems, nor for irrigation nor livestock watering, 
primarily due to the potentially elevated metals, sulphates and EC.  Note that Groundwater 
Complete are indicating possible acidification only for local areas within the mine, with the 
overall pH not expected to be below 5.5. 

The impact is assessed as definitely HIGH in the long term if not mitigated, and affecting 
the region. 

Possible sulphate loading 

It is considered of value to assess the potential sulphate loading of the mine on the 
catchment.  This assessment is based on the assumption that the entire water make were 
to be discharged to the catchment. 

The water balance at closure indicates that an average water make in the order of 
12000m3/day can be expected.  Using the expected sulphate concentrations, this equates 
to around 30 ton SO4 per day, or around 10 000 tons SO4 per year.   

The loading from the mine equates to around 0,8t SO4/yr/ha, which is reasonable 
compared to field observations, which indicate some 0,5 to 1t SO4/yr/ha is typical for 
underground mines. 

The estimates given above are proposed to be refined over the life of mine as follows: - 

• Ongoing sampling and monitoring of parameters important to the final water quality 
and water volumes, 

• Quantification and verification of the groundwater model, the water balance model, 
and the geochemical model. 

• Evaluation and reassessment of alternative options for the final water use and 
required associated water quality, together with the technologies required to 
achieve the required quality. 

Because decant from a mining area of this size would have possibly significant legal 
and environmental impacts, the potential impact could be significant.  The risk is 
assessed as probably MODERATE to HIGH in the long term.  The fact that the decant 
is not expected to be acidic, the risk is likely to tend to moderate rather than high. 

Mitigation 

Mitigation measures will include the following; - 

• Monitoring of water levels in the mine and the associated water quality is committed 
to.  This will allow both calibration of the post mining water quality and water 
volumes, as well as enhanced prediction on the timing of intervention measures. 

• Prior to construction of any water treatment plant the necessary permitting and EIA 
studies will be undertaken to address issues around brine management and 
disposal, as well as the preferred final water quality to be delivered. 

Residual Impact 

The residual impact of the potential impact of decant on water quality in the catchment 
is assessed as, based on a 2% or less risk of decant or seepage reaching the river 
system, definitely LOW to VERY LOW in the long term.   
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7.2.2 COAL HANDLING INFRASTRUCTURE 

This section details activities and consequences related to the processing of coal and 
transport of the product from the underground pit through to the coal stockpile at the 
main coal stockyard at Sasol Synfuels. 

7.2.2.1 Construction Phase 

7.2.2.1.1 Civil activities related to the construction 

Impact assessment 

The plant infrastructure will be constructed close to and on the watershed. 

During the construction phase, topsoil will be stripped and the civil works 
undertaken as part of preparation for coal handling, but no carbonaceous material 
will be placed on site during this period.  The main impact thus relates to potentially 
increased suspended solids and some risk of erosion. 

The potential impact on surface water quality due to the construction of the mine 
infrastructure without mitigation is assessed as probably VERY LOW in the 
medium term. 

Mitigation 

No further mitigation envisaged. 

Residual Impact 

The potential impact on surface water quality due to the construction of the mine 
infrastructure with mitigation is assessed as probably VERY LOW in the medium 
term. 

7.2.2.2 Operational Phase 

7.2.2.2.1 Workshops, offices and stockyard areas 

The workshops, offices and stockyard area will be constructed at the start of the 
project, and will remain in place for the duration of mining. 

Impact assessment 

Possible impacts include the following: - 

 Contamination of runoff water that contacts with the carbonaceous 
material on the coal handling area, typically in terms of sulphates and 
salinity. 

 Groundwater could be affected by the emergency coal stockyard area. 

 Seepage from the dirty water dam. 

 The risk of overspill from the dirty water dam. 

The potential impact of these areas on water quality will definitely be MODERATE 
TO HIGH in the short to medium term if not properly managed. 

Mitigation 

All of the facilities are located within areas designated dirty water areas.  The 
facilities include the following: - 
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• Dirty areas are characterised by the cutting off of clean water upstream of the 
area (where there is a catchment), and provision of canals with a 1:50 year 
risk of spilling.  The canals are generally designed to take the 1:50year event 
within the excavated section of the canal, and a berm adjacent to the canal 
increases the capacity to around the 1:100year event. 

• Storage facilities have been provided to ensure a 2% or lower risk of spilling 
for the life of the project.  This includes an allowance for the mine water make.  
It should be noted that, of the 800 000m3 capacity required on surface, only 
some 15000m3 is required to be able to contain runoff from the area, 
potentially less although this will depend on the final design layout. 

• The wash bays and workshops will be equipped with oil skimming facilities to 
remove oil and grease from the wash down water. 

• As shown in Chapter 3, clean run-off will be directed around these facilities, 
and directed back to the clean water catchment. Groundwater monitoring will 
also occur in the vicinity of these structures.  This is detailed in the 
groundwater specialist report. 

• The emergency coal stockpile area will be engineered with measures to 
contain seepage and minimise ingress to the groundwater system. 

Residual impact 

The residual impact after implementation of the dirty water management system 
will probably be LOW negative in the short to medium term.  

7.2.2.2.2 Extreme flooding events 

All of the shafts to the underground workings and the workshop, office and 
stockyard area have been located outside of the 1:100year floodlines.   

Impact Assessment 

Even in very extreme flood events, it is improbable that flood waters could affect the 
shafts areas, even for the Regional Maximum Flood (RMF).   

Based on the risk of spilling to the mine being less than 1% in any one year, the 
potential impacts of flooding are considered to be definitely LOW in the short to 
medium term.   

Mitigation 

No further mitigation is proposed, given the low risk of occurrence. 

Residual Impact 

As for pre-mitigation. 

7.2.2.2.3 Coal conveyance 

Coal from the site will be transported via conveyor to the coal stockyard at Sasol 
Synfuels. 

Impact assessment 

It is known that the haulage of coal by conveyors has the potential to impact on 
watercourses and general runoff water qualities, primarily due to spillage of coal 
related to overloading and at transfer stations. 

Without mitigation, the potential impacts of the hauling of coal are considered to be 
probably MODERATE in the medium term.  
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Mitigation 

The possible impacts will be minimised as follows: 

• Conveyor rotated (dirty side up). 

• Conveyors boxed in at watercourse crossings. 

Residual impact 

The residual impact is considered to be probably LOW in the medium term.  

 
7.2.2.3 Decommissioning Phase 

 
7.2.2.3.1 Water quality 

Impact Assessment 

The removal of surface infrastructure will take place during this period.  Potentially, 
there will be an increase in suspended solids in runoff from the site, but in most 
respects the removal of infrastructure will have positive benefits in terms of storm 
water management.  

The potential impact in terms of an increase in suspended solids in runoff water is 
assessed as probably LOW in the short term, the impact period being during 
decommissioning. 

Mitigation 

The following measures will be implemented: - 

• The dirty water dam will remain in place during decommissioning and beyond, 
so that the infrastructure will be contained until fully rehabilitated. 

• Water quality monitoring and rehabilitation monitoring will be implemented 
during the decommissioning phase to establish the success of the final 
rehabilitation, and to determine any shortcomings. 

Residual impact 

The residual impact is assessed as definitely VERY LOW in the short to long term.  

7.2.3 WATER MANAGEMENT INFRASTRUCTURE 

This section details impacts related to the construction and operation of the various 
water management structures, primarily canals and dams 
 

7.2.3.1 Construction Phase 
 

7.2.3.1.1 Construction of the water management measures 

Impact assessment 

During the initial phase of work, the following infrastructure will be constructed: - 

• At the inclined and vertical shafts, clean water will be diverted around the 
construction site, including the overburden dump for material excavated from 
the shafts. 

• Construction of dirty water storage areas at the shafts will be undertaken. 
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• Dirty water containment canals will be constructed for the coal processing 
infrastructure and at the overburden dump. 

During this phase, vegetation will be stripped in areas of construction. These 
construction activities could result in additional erosion by runoff, thereby increasing 
the suspended solids content of the downstream watercourse.  

The potential impact on surface water quality due to the construction of water 
management infrastructure without mitigation is assessed as probably 
MODERATE in the long term. 

Mitigation 

Mitigation of the impacts will include the following; - 

• Water quality monitoring will be taken downstream of the mining area, before 
and during construction where practical, in order to detect any increase in 
suspended solids or turbidity.  

• If erosion is evident or the water quality monitoring indicates an increase in 
suspended solids, water management around the construction areas will be 
reviewed.   

Residual Impact 

The potential impact on surface water quality due to the construction of water 
management infrastructure with mitigation is assessed as probably LOW in the 
long term. 

 
7.2.3.2 Operational Phase 

 
7.2.3.2.1 Operation and maintenance of dams and canals 

It is known that water management systems often fail through poor maintenance.  
The systems at Impumelelo have been sized to limit the extent to which 
maintenance will be required on aspects such as the silt traps. 

However, regular maintenance will be undertaken, and will be reviewed as part of 
the monitoring on the mine. 

7.2.3.3 Decommissioning Phase 
 

7.2.3.3.1 Water management dams 

Impact assessment 

The Dirty Water Dam will remain for use with water treatment when required.  The 
overburden dumps will be placed back into the shaft. 

Potentially, there will be an increase in suspended solids in runoff from the site 
during clearing and material moving, but in most respects the removal of 
infrastructure will have positive benefits.  The area will still be within the dirty water 
area, and as such, the impacts will be contained within the Dirty Water Dam. 

There is therefore no impact expected during the decommissioning phase. 

7.2.3.4 Post Closure 

7.2.3.4.1 Water management dams 
The Dirty Water Dam will be retained post closure so as to assist with management 
of the surplus water make, expected to require treatment within 30 to 84years after 
closure unless stratification results in a water quality of an acceptable quality for 
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discharge post closure.  Financial provision has been made to treat the water if 
required. 
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7.3 POST-CLOSURE RESIDUAL IMPACTS 

7.3.1 SURFACE WATER RELATED RESIDUAL IMPACTS 

The residual impact on surface water post closure relates to two primary aspects: - 
- Loss in yield associated with both non-freedraining areas and groundwater 

seepage lost from the catchment through drainage to the mined out areas. 
- A potential impact on water quality associated with unplanned decant of water 

affected by mining. 

Both of these issues have been discussed previously.  However, the following should 
be noted: - 

▪ Non-freedraining areas are identifiable through mapping of the surface topography.  
Where these settlements occur on sloped areas, rehabilitation can be implemented 
to maximise the amount of water that can be returned to the catchment.  This can 
involve earth moving, plugging of cracks, and cutting of drainage canals.  
Nevertheless, it is inevitable that some loss of yield will remain. 

▪ The potential for poor quality decant is a major concern on any mining project.  At 
Impumelelo, the mining is deep enough to allow water levels to be managed below 
the decant level.   

▪ If the water qualities do not stratify so that the decant quality is acceptable, water 
treatment will be implemented to ensure that poor quality decant does not affect the 
catchment. 
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7.4 SUMMARISED WATER MANAGEMENT PLAN 

In the previous chapter, various mitigation measures have been indicated to manage the 
impacts assessed.  These measures need to be incorporated into an Integrated Water 
Management Plan that can be used to implement, audit and measure the performance of 
the water management measures detailed in the EMPR.   

This section is intended only to provide inputs on the key aspects of the water 
management plan. 

7.4.1 CONSTRUCTION PHASE 

7.4.1.1 Key issues and objectives 

• To prevent contamination of surface water runoff from the shaft construction and 
associated overburden dumps. 

• To ensure that the required water management infrastructure is constructed in 
time ahead of mining. 

7.4.1.2 Key strategies 

Areas where impacts in terms of construction activities could occur are listed below. 

• Construction of water management measures. 

− Dirty Water Dam and settling facility will be constructed prior to the shaft 
construction commencing.   

− Clean water diversion will be constructed upstream of the shaft area. 

− Pollution control measures at the plant area will also be constructed at the 
start of mining activities.  This will include the clean water diversion system. 

• Construction of the materials handling area. 

− The overburden dump will be within the dirty water area. 

− Emergency coal stockpile area also within dirty area. 

− Separate material excavated from the shafts, with topsoil placed 
separately to the hard rock material.  The overburden dump is expected to 
contain carbonaceous material. 

• Construction of Infrastructure. 

− The river crossings (for the conveyor) will be constructed Note that the 
details for the crossings are included in the Water Use Licence applications. 

 

7.4.1.3 Knowledge gaps 

None. 
 

7.4.2 OPERATIONAL PHASE 

7.4.2.1 Key issues and objectives 

To minimise the impact on catchment yield.  

To identify and control surface water runoff that may be affected by mining, as well 
as the water balance associated with the mining operations, and to ensure the risk of 
spilling of this water to the clean catchment is:  

− In line with licensing requirements; 
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− Legislative requirements; and 

− Commensurate with the risks to downstream users associated with this 
spillage. This is taken currently at a 2% risk in any one year, or the 
1:50year flood occurrence.  

To ensure adequate monitoring so that the objectives of the water management system 
can be met.  

 

7.4.2.2 Key strategies 

Minimising yield loss 

Because all of the mining is underground, the actual surface disturbance and 
associated loss of yield is considered small. 

The loss of yield will be managed by keeping the disturbed footprint as small as 
is practical.   

Remediation of stooped areas, specifically making them free draining will be a 
key component to minimise the loss of yield. 

Managing the dirty water make. 

The objective is to keeping clean water clean with a 2% or lower risk of spilling to 
the dirty water system in any one year, and to prevent spilling of dirty water to the 
clean water system with a 2% or lower risk in any one year. 

Provision has been made to collect, store and reuse dirty water generated by the 
mining operation.  The mine is committed to having a 2% or less risk of spilling in 
any one year, and the surface dam system has been sized to ensure that this risk 
can be achieved.  The risk of spilling is a function of adequate storage on 
surface, reuse underground, and storage underground. 

Subject to calibration of the overall water balances, it is expected that some 
water may need to be pumped back to the plant area during extreme events for 
short periods. The water balances will be calibrated during mining to determine if 
and when additional surface storage is required 

7.4.2.3 Knowledge Gaps 

The Impumelelo mining operation has been planned up to a conceptual level.  Detailed 
construction drawings have not yet been generated.  Once the details are produced for the 
Water Use Licence, there will be a need to review the details in terms of the commitments 
made in the EMPR. 
 
 

7.4.3 DECOMMISSIONING 

7.4.3.1 Key issues and objectives 

• To make the coal processing area freedraining. 

• To remove all carbonaceous and mining related material at the shafts. 

• To limit the risk of increased erosion downstream related off areas being rehabilitated, 
consequently impacting on water quality. 

7.4.3.2 Key strategies 

• The free draining issue. 
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− At the coal processing area, all coal processing infrastructure will be removed, 
and carbonaceous material removed. 

− The overburden removed from the shafts will be placed back into the 
underground workings.  The shaft area will be filled to ground level, topsoiled 
and rehabilitated.  Allowance will be made for future settlement to ensure that 
the area remains free draining. 

Any surplus material will be removed from the mining area. 

- All stooped areas will be monitored and managed to ensure they are free 
draining (as far as is practical) and are stable post mining. 

• Erosion protection 

− The general area is vulnerable to erosion.  During rehabilitation, the areas where 
grass has not yet established will be monitored to ensure there is not excessive 
erosion prior to the grass establishing, and where necessary additional erosion 
protection such as the use of dump rock or repair of gulleys will be undertaken 
until such time that the rehabilitated surfaces can be shown to be sustainable. 

 

7.4.3.3 Monitoring 

Monitoring during the decommissioning will be based on the operational phase monitoring, 
adapted to suit the final works to be implemented during this phase.  However, in terms of 
surface water this will be primarily downstream of the area as for the operational phase. 
 

7.4.3.4 Knowledge gaps 

No knowledge gaps identified. 

7.4.4 POST CLOSURE 

7.4.4.1 Key issues and objectives 

• To manage the post closure water make. 

7.4.4.2 Key strategies 

▪ Water management to avoid decant. 

It is expected that the water level within the mine workings will recover over a period 
of 30 to 84years from the date mining ceases.  Eventually, if no management 
measures were implemented, water would decant at a predicted rate of around 
12000m3/day, or around 140l/s.   

Water from the workings will be collected, and pumped to a water treatment facility.  
A full EIA will be undertaken for the water treatment plant if and when it is 
constructed, and this will include the necessary permits and licence applications.   

Note that the mine is committed to responsible environmental management, which 
includes the containment and treatment (where necessary) of decant to ensure that 
there is no downstream impact on water quality associated with future decant from 
the mine. 

7.4.4.3 Monitoring 

Monitoring post closure will be undertaken only where required to prove the 
sustainability of the site.  In terms of surface water, this relates primarily to 
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managing the surface topography (monitoring for settlements), and water quality 
and levels within the mined out area. 

7.4.4.4 Knowledge gaps 

The water balance model and final qualities are conceptual, and will need to be verified 
over the operational life of the mine. 

7.4.5 SUMMARISED IMPACTS AND ACTION PLAN 

See Table 7.4.5(a) overleaf for a summary action plan, which includes a summary of the 
mitigation measures (as described above) to be taken for the possible environmental 
impacts that may occur, as well as the financial provision to be made for the mitigation and 
management measures identified. 



Part 7:  Environmental Impact Assessment, Mitigation May 2009 Page 76 

 Measures and Action Plan (Including Financial Provision) 

 

 D5a B475cw03_SurfaceWaterInputs_NEMA 

Table 7.4.5(a): Action plan for the proposed Impumelelo 

Activity 
Potential impact on 

environmental components 

Rating 
Mitigation Measures Timeframe / frequency Responsible Person 

Extent Duration Probability Significance Status 

Mining Activity 

Material from the shaft sinking 
activities 

Site Short Term Probably Moderate Negative 

• Clean Water Cut-off System 

• Overburden Dump 

• Water Quality Monitoring 

• Possible Seepage to be considered to ensure 
water draining to dirty water system. 

Construction Phase  

Dewatering of water ingress to 
the shaft 

 Short Term Probably Low Negative • Water to be contained and not discharged Construction Phase  

Catchment Yield Local 
Short to Medium 
Term 

Probably  Low Negative 

• Disturbance to be kept to as small a footprint as 
possible 

• Stooped areas surface will to be inspected and 
modified to ensure they remain free draining as 
far as is practical. 

Construction Phase  

Water Quality Regional 
Short to Medium 
Term 

Definitely High Negative 

• Underground Storage 

• Re-use of dirty water 

• Water management containment facilities  
(lower than 2% risk of spilling p/a) 

• Provision for treatment of water for the period 
where surplus exists. 

• Monitoring and management of water balances 

Construction Phase  

Post Closure Decant Regional Long Term Definitely High Negative 

• Water level monitoring and water quality 
monitoring 

• Relevant Permitting and EIA studies to be 
undertaken prior to construction 

Post Closure  

Coal Handling 
Infrastructure 

Civil activities related to the 
construction 

Site Medium Term Probably Very Low Negative No further Mitigation Envisaged Construction Phase  

Workshops, Offices and 
Stockyard Areas 

Site 
Short to Medium 
Term 

Definitely Moderate to High Negative 

• Cutting off clean water upstream of areas 

• Storage facilities have been provided to ensure 
a 2% or lower risk of spilling for the life of the 
project. 

• Equip wash bays and workshops with oil 
skimming facilities to remove oil and grease 
from wash down water. 

• Clean run-off directed around facilities and 
directed back to the clean water catchment. 

• The emergency coal stockpile area will be 
engineered with measures to contain seepage 
and minimise ingress to the groundwater 
system. 

Operational Phase  

Extreme flooding events Site 
Short to Medium 
Term 

Definitely Low Negative 
No further mitigation is proposed, given the low risk 
of occurrence. 

Operational Phase  

Coal Conveyance Local Medium Term Probably Moderate Negative 

Impacts will be minimised by: 

• Conveyor Rotated (dirty side up) 

• Conveyors boxed in at watercourse crossings. 

Operational Phase  

Water Quality Local Short Term Probably Low Negative 

• Dirty water dam to remain in place during 
decommissioning and beyond. 

• Water quality monitoring and rehabilitation 
monitoring will be implemented during the 
decommissioning phase. 

Decommissioning Phase  



Part 7:  Environmental Impact Assessment, Mitigation May 2009 Page 77 

 Measures and Action Plan (Including Financial Provision) 

 

 D5a B475cw03_SurfaceWaterInputs_NEMA 

Water Management 
Infrastructure 

Construction of the water 
management measures 

Site Long term Probably Moderate Negative 

• Water quality monitoring downstream of the 
mining area. 

• If erosion is evident or the water quality 
monitoring indicated an increase in suspended 
solids, water management around the 
construction areas will be reviewed. 

Construction Phase  
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7.5 COMPARITIVE ASSESSMENT OF THE IMPLICATIONS OF THE PROPOSED LAND 
USE. 

 
The detailed land use alternatives are part of the main EMP document.   
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7.6 FINANCIAL PROVISION 

For the operational phase, the water management costs are included in the infrastructure 
costs in most respects, including the Dirty Water Dam construction and associated canals.   

In order to form the various storage compartments, seals will be required underground, 
and these could potentially cost of the order of R50 to R60 million in total although this is 
highly provisional and subject to confirmation once final designs are produced. 

The financial provision related to water management during the operational phase and 
post closure includes the following: - 

- Construction of a collection system, bringing water to the centralised water treatment 
plant from the various mining areas.  This is part of the operational water 
management, and has not been included in the financial provision for water treatment. 

- Installation of a water treatment plant, treating up to 12000m3/day of mine water, but 
varying from much less than this initially.  The proposed financial provision is based on 
the final treatment plant size, with the option to pro-rata this over the life of the mine.  
Note that smaller plants are more expensive in terms of a unit rate of water treated 
due to economies of scale and have been priced accordingly. 

- Construction of a pipeline to be able to discharge to the river system.  The alternative 
to this is the construction of a distribution network providing clean water back to the 
municipality for use as drinking water.  This has not been priced, and the potential 
income associated with the sale of water has also been excluded in the initial cost 
estimate. 

- Storage for brine and sludge generated by the water treatment process, assuming that 
both liming and reverse osmosis will be required. 

For future costs, a discount rate of 6% has been applied, with water treatment costs 
estimated at around R9/m3 to take account of the possibility of elevated sodium in the 
water, and the potential revenue stream excluded.   

These costs are based on water treatment costs obtained from a plant supplier running 
plants in the Witbank area adjusted for the expected water qualities in the Secunda area. 
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(a) Premature closure regarding water treatment 

The costs to treat water post closure are given in Section C below.  These costs will 
be reduced if mining ceases before the total area is mined out, but conversely, the 
discount rate will also be less significant due to treatment being required sooner 
than currently planned. 

Estimates have been undertaken for closure after 10years and 20years, suggesting 
that the discounted treatment cost would be as follows: - 

▪ For premature closure after 10years, treating from 2040 approximately, the total 
discounted cost is R38million. 

▪ For premature closure after 20years, treating from 2050 approximately, the total 
discounted cost is R42million. 

Note that the above values are conservative in that the time to decant has been 
estimated at around 20years after closure, which is sooner than the current 
predicted time to decant.  However, there are uncertainties as to the exact available 
storage and the actual water make at the time, depending on the extent of total 
extraction at the point of closure. 

(b) Decommissioning and final Closure of the operation, and 

The costs associated with decommissioning relate to removal of infrastructure and 
backfilling of the shafts.  These costs form part of the general closure costs and are 
not specific to surface water and are addressed by the mine elsewhere. 

(c) Post-closure management of residual and latent environmental impacts.” 

The post closure management costs are given in Table 7.6(a).  Please note that the 
costs are based on having to treat water within 15years of mining ceasing which is 
significantly sooner than currently estimated.  This date takes cognisance of the 
possible variations in post closure water make implied in the groundwater modelling, 
as well as uncertainties on the overall storage due to possible collapse of certain 
mined out areas (high extraction mining).  The overall costing is not that sensitive to 
whether treatment occurs at 2060 or 2075, with possible cost savings should 
treatment be required only at 2120 (the upper limit of the predicted time to decant). 
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Table 7.6(a) – Post closure water treatment costs for Impumelelo 

Post closure treatment 

CAPITAL COSTS 

Capital infrastructure Present day costs Discounted costs 

Collection infrastructure not 
required (use operational 

infrastructure) R    - R    - 

Water Treatment plant capital   

Initial cost (in 50years time) R 180,000,000 R 5,460,000 

Refurbishment cost (year 70 to 170) R 162,000,000 R    690,000 

Water Treatment plant brine 
disposal cost (initial capital taken as 

75% of plant capital) R 135,000,000 R  4,095,000 

Distribution network - exclude for 
now  R  - 

Total capital costs R  477,000,000 R 10,245,000 

OPERATIONAL COSTS 

Annualised costs 

Water Treatment plant 
annualised operational cost 

Present day costs 
(annual) 

Annual cost in first year of 
operation at 6% discount 

i.e. in 2060 

Operational cost R   39,420,000 R 1,200,000 

Income stream R      - R - 

Net annual cost R 39,420,000 R 1,200,000 

Total costs for 100years after treatment commences 

Water Treatment plant 
operational, over 100years from 

2060 
Total costs at present day 

value 
Discounted costs at 6% 
discount rate, total cost 

Operational cost R 3,981,420,000 R 21,060,000 

Income stream R   - R - 

Net cost R 3,981,420,000 R 21,060,000 

*Note; the costs of brine ponds is most likely a very conservative estimate, although it does 
represent recent costs for ponds for water treatment works.  However, technology is fast 
reducing the volumes of brine to be managed, and options to more cost effectively manage 
the brine as opposed to building new brine ponds are progressing relatively quickly.  
Similarly, sludge volumes are reducing as options for producing materials from the sludge are 
being developed. 

It is highly likely that from 2060, water will be of value, and options to sell the water to offset 
the operational water treatment costs are likely to be available, potentially fully offsetting the 
operational costs. 
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PPAARRTT  88::  MMOONNIITTOORRIINNGG  AANNDD  AAUUDDIITTIINNGG  

 
The monitoring programme developed for Impumelelo is detailed in Part 8.1 below.  Sampling 
points will tie in with the baseline water quality sampling points, which have been planned so as to 
be upstream and downstream of the proposed surface infrastructure. 
 
8.1 MONITORING PROGRAMME 

 
8.1.1 SURFACE WATER MONITORING PROGRAMME 

It is proposed to monitor water quality upstream and downstream of the mining area, as 
well as downstream of the coal handling area. Being on the watershed, upstream 
sampling will not always be practical, but any impacts on the water system will be 
detected downstream. 

The objective of the surface water monitoring system is to ensure that the water 
management systems perform according to specifications, to act as a pollution 
early warning system, to check compliance with license requirements and for 
reporting purposes.  The objectives of these systems will be achieved if there is no 
impact (attributable to the mine) on the in-stream and downstream fitness for use 
criteria.   

8.1.1.1 Sampling  

The following sampling is proposed for surface water 

Table 8.1.1.1(a). Surface water quality variables to be monitored 

 

Item Variables 

 
Regular 
(monthly) 
sampling 
 

 
It is proposed to regularly sample for those constituents expected to be elevated 
in the mine water i.e.  
 
Electrical Conductivity, pH, TDS, SS, Cl, SO4, Na, F, Fe, Al, Mn, Zn, Total 
Alkalinity, Ca, Mg, K, Total Hardness. 
 

 
Every 6 months 
 

 
Analyses to 95% charge balance will be undertaken at 6 monthly intervals, 
including all metals. 
 
 

The samples will be grab samples taken from non-stagnant areas of the streams as far as 
is practical, with the following samples taken: - 

- Filtered and unfiltered samples (where colloidal matter is found to significantly 
influence metal concentrations). 

- Acid preservation of samples for the metals analyses. 

- All samples will be analysed by an accredited laboratory. 

8.1.1.2 Data management 

Sasol Mining has a well developed data management system for water quality samples 
using database systems and GIS.  These systems will be utilised for the Impumelelo 
water quality data. 
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8.1.1.3 Reporting 

Sasol Mining already reports on water qualities for their existing mines.  Data for this new 
area will continue to be presented in graphic and tabular form indicating maximum, 
minimum and average values with information being submitted annually to DWAF or more 
frequently if required.  As is currently the practice, these submissions are included in the 
annual EMA.   

8.2 PERFORMANCE ASSESSMENT / AUDIT 

In line with their ISO accreditation, the Sasol Mining environmental systems are audited 
on an annual basis.  These audits will include Impumelelo in future. 
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PPAARRTT  99::  EEMMEERRGGEENNCCYY  AANNDD  RREEMMEEDDIIAATTIIOONN  PPRROOCCEEDDUURREE  

 
This section is detailed in the main EMP 
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PPAARRTT  1100::  CCOONNCCLLUUSSIIOONN  

 
The outcomes of the various studies are given in the text and summarised in the executive 
summary.  It is apparent that: - 

− A relatively large dam will be required on surface to manage the water make during 
extreme events, primarily over the first 10years of mining. 

− Water treatment at around 2 000m3/day will be required to assist with the management 
of the water surplus from around year 4 of mining up to year 10. 

− Post closure, water treatment of around 12000m3/day will most likely be required unless 
stratification develops within the mined out workings resulting in a good water quality 
close to surface and at the decant points. 

− Loss of yield associated with high extraction remains a concern that is difficult to 
manage, although the impacts can be mitigated by minimising the amount of ponding 
on surface over mined out areas, and by excluding the high risk areas from the mining 
plan.  The loss of yield can also be offset by treatment of water and discharge to the 
catchment, although this may not be the most financially viable option if the water is 
treated to potable water quality. 
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