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Monte Carlo methods are especially useful 
for simulating systems with many coupled 
degrees of freedom, such as water. To 
model the complex chemical processes 
of equilibration, speciation and sorption, 
GoldSim’s external element with dynamic 
link library (DLL) was used to communicate 
with a PHREEQC script and extension (Eary, 
2007) and more recent updates in 2018 
(Johnson, Rohal and Eary, 2018). PHREEQC 
stands for ‘pH-redox-equilibrium’, developed 
by the US Geological Society to simulate 
chemical reactions and transport processes 
(Parkhurst and Appelo, 2013). It has been 
widely used to predict chemical species, 
mineral solubility, redox equilibrium and 
reactive transport. PHREEQC can be linked 
to a variety of thermodynamic databases, 
which inform the chemical processes 
undertaken in PHREEQC. In this exercise, 
the Wateq4F.dat database was used as it is a 
comprehensive database for low-temperature 
geochemical processes. 

An iterative approach for both models was 
adopted, to calibrate and check for errors in 
the model’s function and dynamically link 
between them. Th e model was developed with 
built in fl exibility to system changes, as data is 
collected with subsequent site investigations. 
Th e DLL was written using C++ coding 
language and compiled with Microsoft  Visual 

C++ Studio. Th is approach has the advantage 
of providing a generalized procedure to model 
complex chemical processes at each time step. 

Conceptual Site Model
Th e site lies within a limestone formation 
in which barite was extracted by open-cast 
mining. Sulfi de deposits were also mined 
underground for zinc, lead and nickel ore, 
and these are hosted in a dolomitised zone 
beneath the limestone formation. Th e current 
pit geometry sits within the limestone bedrock 
(Lithology 1, Figure 2). Historic maps of the 
area showed several surface water channels 
draining towards the pit prior to mining. 
Th e understanding at the beginning of the 
project was that upstream drainage had been 
culverted and channelled around the open pit. 
However, SLR’s site investigation proved one 
surface water input had formed, which helped 
determine accurate hydrological catchments 
alongside topographical data from LiDAR 
surveys. Th e groundwater is understood to 
follow the topography within the site, going 
from south to north. No groundwater studies 
have been conducted in recent history post-
2000. SLR has plans to conduct a detailed 
ground investigation in which groundwater 
assumptions can be tested. Groundwater 
fl ows into the pit and is either discharged 
through a surface water point or as seepage.

Figure 1 Integrated modelling approach, adapted from (Robinson, Klimczak and Smyth, 2023).
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Historic mine waste dumps are located 
upstream, within which massive sulfi de has 
been observed (Figure 2). Further assessment 
of these dumps is needed to understand the 
longevity of any potential source material. 
Current monitoring includes runoff  from the 
mine waste dumps. Th e proposed geometry 
for the HEP reservoirs is shown in Figure 
2. Th e lower reservoir will be developed 
further underground from the existing pit 
lake and will expose the dolomitised, sulfi de 
ore body (Lithology 2). Th ere has been 
limited geochemical characterisation of the 
lithologies and waste dumps exposed on site, 
and it has been recommended that more 
detailed geochemical analysis be undertaken 
to test the surface water inputs used in the 
current model.

Source Defi nition and Hydro(geo)logy 
Modelling Results
Th e current conceptual site model and data 
available has been used to populate the 
GoldSim and PHREEQC models. Th ere 
are planned site and ground investigations 
to test the assumptions made in this initial 
modelling.

Water Inputs/Outputs
Rainfall and Evaporation
Direct rainfall to the water surface is a small 
but important part of assessing the long-
term water quality. In addition, the gaseous 
exchange between the water level surface and 

the atmosphere will infl uence the long-term 
water chemistry. Rainwater chemistry was 
ascertained by sampling the rain gauge on 
site and analysing for a range of parameters. 
Local climate data has been used for the 
evapotranspiration from the water surface.

Surface Water (including contact water)
As part of the EIA, monthly surface water 
samples were collected, including water levels 
of the existing pit lake. Observed site rainfall 
runoff  behaviour was used to inform surface 
water inputs to the pit lake. Th e upstream 
water quality in catchments discharging to 
the pit lake have been averaged for input 
chemistry at this stage, it is assumed these 
represent long-term water quality from 
contact with mine waste dumps. As the 
model progresses, the monthly water quality 
measurements will allow GoldSim to select 
monthly surface water chemistry through 
each timestep to account for variability in 
surface water quality. 

Groundwater
At the time of writing, SLR has not collected 
groundwater data or geochemical data of 
Lithology 1 and Lithology 2. Th e geochemical 
characterisation of the host lithologies are 
scheduled in future works using static and 
kinetic testing to understand and predict 
the long-term groundwater quality from 
them. Th erefore, groundwater fl ow and 
chemistry from historical studies between 

Figure 2 Conceptual site model, dashed line represents Lower Reservoir geometry.
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1997 and 2001 have been used to develop the 
model. Th e new reservoir geometry has been 
imposed onto the geological model for the 
site, which will expose Lithology 2 (Figure 2). 
SLR’s planned ground investigation will 
validate and update the assumptions made in 
the modelling process so far.
Results
To model the dynamic hydro(geo)chemical 
processes, a calibration model for the water 
level using the hydro(geo)logical inputs 
discussed above was developed, versus the 
measured pit lake water levels. Th is provides 
an opportunity to update inputs that support 
observed water levels whilst awaiting 
more site-specifi c data. Further, a static 
geochemical model was created to understand 
the hydro(geochemical) processes within the 
pit lake currently occurring. Th ese fi ndings 
helped inform the initial set up of the working 
GoldSim-PHREEQC model.

Calibration Model
Using the groundwater infl ow rates from the 
historic groundwater studies, results of the 
calibration showed a large overestimate in 
pit water level, leading to a rapid water level 
rise relative to the rate observed on site. As a 
result, the groundwater infl ows were reduced 
by between 30% and 45% for summer 
groundwater infl ows and 80% to 85% for 
winter groundwater infl ows. In addition, 
runoff  rates within the upstream catchment 

were lowered. Th ese new groundwater 
infl ows resulted in a better fi t for modelled 
water levels compared to measured water 
levels between July 2024 and March 2025 
(Figure 3). Th is highlights the importance 
of obtaining hydrodynamic data for the site 
which is ongoing at the time of writing.

Static Geochemical Model
Th e water quality inputs were mixed and 
equilibrated in PHREEQC using a mixing 
ratio determined from the calibration model. 
Th e resultant chemistry was compared with 
SLR’s measured chemistry of the pit lake. 
Th is indicated several modelled metals/
metalloids elevated above their baseline 
concentrations and exceeding general 
acceptance criteria (GAC) for the site. Th e 
GAC at this stage, uses local regulatory water 
quality standards. Review of the saturation 
indices showed iron hydroxide minerals were 
super-saturated. Iron hydroxide was allowed 
to precipitate, and the mass of precipitate 
formed was calculated using the change in 
iron (II) and stoichiometric principles. Th is 
mass of precipitated iron hydroxide was used 
in PHREEQC’s sorption command. Th e 
water chemistry aft er precipitation of, and 
sorption with, iron hydroxides was akin to 
the measured pit lake chemistry. To test this 
modelling step, SLR plan to sample sediments 
in the pit lake to validate the step further. An 
additional consideration is the stratifi cation 

Figure 3 Calibrated Lower Reservoir Water Level.
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of the pit lake. SLR conducted conductivity, 
depth, temperature surveys on three loca-
tions within the pit lake. Th is showed no 
stratifi cation within the pit lake and has not 
been considered further at this stage.

Water Balance
Th e water levels in the Lower Reservoir 
were modelled based on the stage-storage 
curve provided by the client, local rainfall 
data and calibrated groundwater/runoff  
fl ows, modelled on a daily time step 
(allowing unscheduled sub-daily timesteps 
in GoldSim where needed). A number of 
operational phases were modelled in the 
lower reservoir to simulate HEP operations. 
Th e new reprofi led and lined pit comes 
online in 2028, with groundwater outfl ows 
and seepage removed. Th e pit rebounds over 
a period of 4-5 years and reaches the new 
spillway depth, intermittently spilling and 
lowering below the spillway level. Th e water 
level and rebound rate was used to inform 
geochemistry concentrations and operational 
pumping rates. Th e spillway volumes were 
calculated by the model and would be used 
to inform the viability of passive wetland 
systems downstream of the reservoir. 

Water Quality
At each timestep of the water balance model 
the mass balanced chemistry was exported 
from GoldSim into the PHREEQC model, to 
equilibrate, precipitate and sorb. It was found 

that pumping between the Lower and Upper 
Reservoirs by-passed areas of the PHREEQC 
export, leading to chemical concentration 
build up within the water balance, which was 
not realistic. As a result, the water balance 
between the Lower and Upper Reservoirs 
was considered a single cell to communicate 
with PHREEQC. Th e chemical equilibrium 
for major ions is reached by 2035. Th e pH 
at equilibration is roughly 7.1 in the sorbed 
model, compared to 6.1 from the GoldSim 
model and 8.5 aft er equilibration. Alkalinity 
stabilises at roughly 85 mg CaCO3/L aft er 
sorption. Chloride was also modelled as a 
hydrochemical check on the model due to its 
conservative nature and showed no changes 
in any modelling step.

Th e lead concentrations across all three 
outputs are presented in Figure 5. Th e lead 
concentration does not change between 
the GoldSim output and the equilibrated 
chemistry and exceeds the GAC. Aft er 
the precipitation of iron hydroxides and 
sorption, the lead concentration is several 
orders of magnitude lower and now below 
the GAC as observed in the static model. In 
comparison, zinc (Figure 5) decrease slightly 
aft er sorption, but not enough to fall below 
the GAC. Th is indicates there is a risk zinc 
will exceed the GAC in discharge from the 
site, highlighting that more detailed risk 
assessment is required. Further, it allows 
for a suitable treatment options study to be 
defi ned. Th is also provides evidence for local 

Figure 4 Lower Reservoir Filling Rate, WL = Water Level.
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permitting requirements which provides 
rationale to exclude lead or other metals/
metalloids in permitting requirements, as 
they have been shown to be removed by 
geochemical processes in the pit lake. 

Scaling and Corrosion Assessment
As part of the phase 3 assessment of the 
model outputs, a preliminary assessment of 
the risk of corrosion and scaling to the HEP 
impellers was conducted. Th is used the long-
term average of the modelled water quality of 
the HEP water balance. Th is is widely used 
across materials assessments and risks based 
on environmental conditions (Singley, 1981; 
Roberge, 2007) and will help identify whether 
corrosion or scaling is a long-term risk. 

Th ese indexes assess the likelihood of 
carbonate scaling or dissolution (Langelier-
Saturation Index (LSI, (Langelier, 1936)), 
Ryznar Stability Index (RSI, (Ryznar, 1944)), 
Puckorius Scaling Index (PSI, (Puckorius 
and Brooke, 1991))) and corrosion 
(Riddick Index (RI, (Riddick, 1941)) and 
Larson-Skold Index (LSI, (Larson and 
Skold, 1958))). Th ese indices are founded 
on either laboratory experiments or site-
specifi c studies such as the Larson-Skold 
Index, which has been developed using 
the corrosion potential of waters from the 
Great Lakes (Roberge, 2007). Results show 
the modelled water quality will dissolve 
carbonate scaling i.e. the LSI (-1.37), RSI 
(9.85) and PSI (9.62). Th e risk of corrosion 
based on the model outputs to date indicates 
the potential for corrosion is unlikely. 

Conclusion
A robust modelling approach has enabled 
prediction of the long-term water balance and 
water quality for a planned redevelopment 
of a legacy mining site. Th e outcomes will 
help defi ne operational limits for the HEP 
operators. Th e dynamic chemical modelling 
results show that several parameters exceed 
the GAC when a mass balancing approach 
was used. Th e fi eld observations informed 
the modelling approach, indicating sorption 
of chemical species was needed within the 
model. Th is step reduces the list of potential 
contaminants based on the mining legacy 
alone. Th is can be used to inform the 
development of passive treatment options.

Th e modelling approach has assisted in 
developing the conceptual understanding of 
the site without detailed site investigations 
at the prefeasibility stage of the project. 
Th is helps inform the site and ground 
investigations needed to validate and test the 
assumptions made in the model. An iterative 
modelling approach allows new data to be 
input to the model structure to improve the 
outputs.
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Abstract
The study investigated mine water sharing as a strategy to address water scarcity 
in Rustenburg, South Africa. Active and abandoned mines store water creating 
subsurface reservoirs that supplement municipal, agricultural, and mining demands 
thereby supporting economic development. The research developed a legally aligned, 
implementation framework supported by stakeholder engagement, hydrochemical 
analyses and hydrogeological modelling. Results show most mine water requires 
minimal treatment, with hardness and nitrates as primary concerns. Numerical models 
estimated sustainable yields and a prioritisation tool identified high-potential areas. A 
case study and financial analysis will confirm feasibility and then support replication 
across other mining regions.
Keywords: Water scarcity, mine water sharing, underground reservoirs, water-scarce 
region, modelling

Introduction 
South Africa has a rich heritage of over 150 
years of deep mining across all provinces. The 
Rustenburg area, northwest and west of the 
main industrial areas of Johannesburg and 
Pretoria, has been mined for Chrome and 
Platinum since the 1950’s. Mining creates 
underground and surface voids, which then 
fill with water, creating new underground 
reservoirs, aka aquifers and surface storage. 

The Rustenburg region of South Africa 
is water-scarce with a fast-growing popula
tion, and numerous socio-economic and 
infrastructural challenges undermine equi
table, reliable access to high-quality water. 
Seasonal rainfall variability and aging 
infrastructure (RLM 2022) exacerbate these 
issues. Within the region, active Chrome 
and Platinum mines generate excess water 
that requires safe management or disposal. 
Moreover, closed underground workings 
create underground mine voids and storage 
zones that are not depleted by evaporation. 
These mine voids present an untapped 
opportunity to augment supplies for nearby 
communities and water-stressed sectors 
such as agriculture and other mining 
operations. Their incorporation into the 

regional water supply will reduce demand on 
an overstretched municipal supply system. 
This study, funded by the Water Research 
Commission of South Africa, is investigating 
how this unused asset can be integrated in 
a regional water supply and conservation 
strategy.

Figure 1 shows the area of the study, 
comprising parts of four quaternary catch
ments in the Rustenburg and Madibeng 
Local Municipalities, and the geology. Figure 
2 shows the mines in the area and their 
proximity to villages and towns, all of which 
require reliable water supply to enable them 
to support economic growth and generate 
income for the area.

Methods 
This study is developing a step-by-step, 
implementable mine water sharing strategy 
aligned with local legislation. Adoption by 
stakeholders, including mining companies, 
municipalities, water authorities, and 
government will facilitate the sustainable 
distribution of excess mine water stored 
in abandoned workings. Successful imple
mentation of the mine water sharing strategy 
requires evaluating the quality and quantity 
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Figure 1 Location of the study area and its geology, Rustenburg, South Africa (GSSA 1981).

Figure 2 Mines in the study area and their proximity to villages.
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of mine water, identifying potential treatment 
and reticulation options, and assessing local 
demand. 

Th e scope of work comprised: a desk top 
study, stakeholder engagement, geochemical 
analysis, and numerical hydrogeological 
modelling followed by prioritisation of an 
area for use in a case study.

Desktop assessment
Information was collected and reviewed 
to support a mine water sharing strategy, 
understand the legal compliance require-
ments, and to collate the geological, 
hydrogeological, and other relevant environ-
mental factors. Key national and spatial 
datasets were obtained including long-
term meteorological records from the 
South African Weather Service (SAWS), 
topographic data, borehole records from 
the National Groundwater Archive, surface-
water quality and quantity data from the 
Department of Water and Sanitation’s (DWS) 
National Integrated Water Information 
System. Th e DWS also provided water use 
data and spatial data from the 2012 Water 
Resources of South Africa study. Literature 
on the geology and hydrogeology, as well as 
open-source data about mine water quantity 
and quality were also reviewed 

A legislative review was done to identify 
statutory constraints and institutional roles 
for implementation. Th is included water 
needs evaluation and a review of historic 
augmentation eff orts. Th e desk study also 
compiled an inventory and assessment of 
legacy, active and planned underground mine 
workings and their infl ows, water balances 
and post-closure scenarios. Finally, the desk 
top study characterised and summarised 
the climate, topography, drainage, land 
cover, geology and hydrogeology to 
establish preliminary recharge estimates and 
hydrogeological parameters for the area.

Stakeholder engagement
A structured, top-down approach guided the 
stakeholder engagement process, beginning 
by engaging the water use authorities then 
municipalities, water services providers, and 
mining companies. On-line and in person 
consultations were used to introduce the 

project, gather feedback and sentiment, 
receive suggestions, and request data for the 
overall study.

Geochemical analysis
Mine water chemistry determines the 
methods used for treatment to ensure the 
water is fi t for purpose. Open-source mine 
water quality data was collected and compiled 
into a consolidated water quality database. 
Water quality data was also provided by 
Th arisa Minerals from their active Chrome 
mine. Low-fl ow verifi cation sampling was 
done at the Th arisa Mine. Th e quality of 
water being used by villages and townships 
was assessed through spot sampling within 
selected communities to identify background 
usage. 

Piper trilinear diagrams were used to 
characterise and group diff erent water types 
at each mine, while Stiff  diagrams were used 
to map the water quality variations across 
the project area. Results were benchmarked 
against the South African National Standards 
(SANS) 241-1 2015 (drinking water) and DWS 
Target Water Quality Guidelines (agricultural 
use), to identify the need for treatment. 
Time-series graphs and regression models 
were used to identify long-term trends and to 
identify parameters of concern. Hardness and 
Nitrate were the main parameters identifi ed 
as requiring reduction. 

Numerical hydrogeological modelling 
and prioritisation
High-level numerical hydrogeological models 
for each catchment have been developed 
in a FEFLOWTM to estimate the volume of 
groundwater infl ow and storage within the 
reservoirs created by mining. An Excel-based 
analytical water balance model was used to 
estimate preliminary groundwater infl ows 
and outfl ows as input to the numerical 
models. Th e groundwater models included all 
relevant fl ow boundaries as translated from 
the desktop conceptualisation.

An Excel-based prioritisation tool was 
developed to weight and rate criteria to 
identify areas for potential sharing of water. 
Th e criteria included: proximity of source 
to potential water users, water quality and 
treatment requirements, reticulation options, 
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accessibility of the resources, groundwater 
infl ow and volume stored in the potential 
sources, and the needs of potential recipients. 
Th e results will be used to select a high-priority 
area for use as a case study. Th e next phase 
will draft  a step-by-step implementable water 
sharing strategy, apply it to a prioritised area, 
and then conduct an economic evaluation for 
the case study area to determine the fi nancial 
feasibility.

Results and Discussion
Desktop assessment
Th e Rustenburg area is characterised by a 
semi-arid climate, with low, variable rainfall 
and high evaporation rates (SAWS 2024). Th e 
topography is diverse, with several notable 
drainage systems and runoff  patterns that 
infl uence water availability. Geologically, the 
area has key structural features such as faults 
and dykes that infl uence groundwater fl ow. 
Th e rocks consist of a diverse set of lithologies 
belonging to the Pretoria Group (Transvaal 
Supergroup), the Bushveld Igneous Complex, 
and the Pilanesberg Complex. Th ere have 
also been multiple phases of dyke and sill 
emplacement. Four main sets of faults have 
been identifi ed. Th e most noteworthy fault set 
is NNW-oriented faults that parallel the Brits 
Graben, probably formed in an extensional 
regime, and can be substantial carriers of 
groundwater. Th e major natural aquifers 
include alluvial, shallow intergranular, and 
fractured systems.

Th e desktop assessment established 
the need for additional water sources. Th e 
Rustenburg (RLM) and Madibeng (MLM) 
Local Municipalities suff er severe water 
scarcity, driven by increasing demand from 
rapidly growing urban and rural populations. 
Table 1 and 2 show the population’s access 
to water infrastructure and the reliability 
of the water supply in the RLM and MLM, 
respectively.

52% to 60% of both rural and urban 
populations (about 500  000 people in both 
areas) in the Rustenburg and Madibeng areas 
have reliable access to water infrastructure 
and reliable supplies. Th is water is primarily 
supplied by the municipality from some 
boreholes and three supply systems:
1. Magalies Water (Vaalkop System): Th is is a 

primary source, providing approximately 
80 Mℓ (megalitres) per day to the towns 
and mines.

2. Rand Water (Barnardsvlei System): 
Supplies approximately 120 Mℓ per day 
to the municipality and mining sector.

3. Bospoort Dam (via Bospoort Water Puri-
fi cation Works): Managed by the Rusten-
burg Local Municipality, this source pro-
vides approximately 12 Mℓ per day.

Th e population is growing rapidly meaning 
that additional sources of water are required. 
Old and new mines, mainly Platinum Group 
Metals (PGM’s) and Chrome, may provide 
additional storage and can be used as 
supplementary water supplies.

Area Type Population Population with 
Water Access

Population with 
Reliable Supply

% Population with 
Water Access

% Population with 
Reliable Access

Rural 191 996 183 653 99 773 96 52

Urban 372 167 351 367 191 842 94 52

Area Type Population Population with 
Water Access

Population with 
Reliable Supply

% Population with 
Water Access

% Population with 
Reliable Access

Rural 341 921 257 307 204 004 75 60

Urban 187 739 141 200 111 971 75 60

Table 1 Population with access to water infrastructure and reliable supply in the RLM (DWS n.d.).

Table 2 Population with access to water infrastructure and reliable supply in the MLM (DWS n.d.).
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An inventory of 53 mines and mine shaft s 
was created and their potential contribution 
calculated. Infl ows into mines across 
quaternary catchments A22F, A22H, A21K, 
and A21J range from 100 to 4 000 m³/d which 
can be used to meet domestic and industrial 
demand.

Several key pieces of legislation that aff ect 
the implementation of a bulk water-sharing 
strategy were reviewed, notably the National 
Water Act (1995). No legal obstacles for the 
implementation of this mine water sharing 
strategy were identifi ed, and the mine water 
sharing strategy will be further developed to 
detail the specifi c legislative requirements.

Stakeholder engagement
Th e most complex aspect of this study is 
getting all the diff erent water authorities and 
suppliers to contribute. Th e DWS provided 
guidance as the Competent and National 
Water Use Authority. RLM and MLM (local 
Water Services Authorities) highlighted 
water scarcity and infrastructure challenges. 
Mining companies, including Sibanye 
Stillwater and Implats (combined they own 
75% of operations in the study area), provided 
operational insights. Concerns were raised 

regarding liability and community trust when 
sharing water. Th e Royal Bafokeng Nation 
(RBN), Magalies Water (a local Water Service 
Provider), and the South African Minerals 
Council off ered to facilitate connections with 
relevant departments. Overall, these entities 
emphasised the need to confi rm the scientifi c 
feasibility for the area to develop a mine water 
sharing project, before engaging farmers and 
communities to prevent raising false hope. 
Th e approaches to the Department of Mineral 
and Petroleum Resources and Rand Water 
(the largest bulk water supplier in Africa) 
have yet to yield a response.

Geochemical analysis
Hydrochemical data show that minimal 
treatment of mine water will be required 
to meet the SANS for domestic use (SABS 
2015). Hardness and nitrate concentrations 
are the principal concerns, while trace metals 
were detected only sporadically. Mine water 
quality in the Rustenburg region can typically 
be classifi ed as magnesium-bicarbonate 
dominant or mixed (Fig. 3). At numerous 
sites, samples had to be taken from pre-fi lled 
buckets, as water was not available from the 
taps 24 hrs a day. In communities, nitrate was 

Figure 3 Typical water quality from mines in the Rustenburg project area.
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identifi ed as a parameter of concern at 71% 
of the sites and poses chronic health risks to 
domestic users. E. coli, manganese, fl uoride, 
and turbidity posed localised risks. 

Numerical hydrogeological modelling 
and prioritisation
Th e analytical water balance showed that 
all catchments exhibit a positive net water 
balance, confi rming the presence of usable 
groundwater resources. Recharge through 
rainfall dominates the infl ow component 
of the water budget, mine sites such as pits, 
backfi lled areas, and waste rock dumps 
have enhanced recharge and increase water 
storage. Th e numerical model indicated a 
reliable and stable regional groundwater 
system, with a balanced water error of only 
0.1%. Th e numerical model results show:
• Quaternary catchment A21K indicat-

ed the highest cumulative pit infl ows, 
typically ranging between 10 000 to 
30 000 m³/day with distinct sharp peaks 
during high-recharge periods

• Quaternary catchment A22H indicated 
the highest cumulative underground 
reservoir infl ows, stabilising at 12 000 to 
13 000 m³/day

Th is data will be fed into the prioritisation 
tool to select an area for a detailed case study.

Further Work
In the next phase, a comprehensive, step-
by-step implementable mine water-sharing 
strategy will be developed. Th is will be 
supported by a detailed case study that 
conceptualises the implementation of 
mine water sharing within a prioritised 
zone. Th e case study will include fi nancial 
models quantifying the costs and benefi ts 
over defi ned timeframes. Insights from the 
case study will be used to refi ne the overall 
strategy, promoting its implementation and 
potential replication across other South 
African mining regions. 

Conclusions
Early fi ndings conclude that it will be feasible 
to use water stored in old underground 
workings of PGM and Chrome mines to 
supplement the water supply to the Rustenburg 
area. Th e hydrochemistry indicates that 
it will require minimal treatment to meet 
the SANS for domestic use. Hardness and 
nitrate concentrations represent the principal 
concerns, while trace metals were detected 
only sporadically. Numerical modelling 
indicated high daily infl ows into underground 
voids and increased storage.

We are confi dent that the fi nancial 
modelling will show that it will be cost-
eff ective to use mine storage water to 
contribute to the long-term planning for the 
development of the Rustenburg area. Th e 
strategy can then be applied to other mining 
regions world wide taking into account 
the hydrochemistry of each diff erent metal 
mined. 
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Abstract
The study investigated the opportunity for a new water economy in Mpumalanga, 
South Africa, as coal mines close and coal-fired power generation is decommissioned. 
Study findings indicate that about 434 Mm3/a of water will become available. This 
includes 117 Mm3/a raw water from coal-fired power operations, 224 Mm3/a of mining-
influenced water and 93 Mm3/a of treated municipal effluent. This water exhibits 
variable qualities due to mining and industrial impacts and is unsuitable for direct use 
without treatment. Reuse of treated water for irrigation offers the most immediate and 
cost-effective pathway while green hydrogen production represents a promising long-
term opportunity.
Keywords: Coal mining, irrigation, green hydrogen, coal-fired power, water reuse

Introduction 
For over a century, coal has driven South 
Africa’s economic development by suppor
ting electricity generation, industrialisation, 
mining, manufacturing, and urbanisation. 
Affordable coal-based energy has enabled 
economic growth and employment but also 
contributed to significant environmental 
and water management challenges including 
structural dependence on coal-based energy 
systems (Staffell et al., 2019).

Mpumalanga plays a central role in 
South Africa’s coal economy, producing 
most of the country’s coal and hosting the 
majority of coal-fired power stations. This 
coal-dependent development pathway has 
supported economic growth, employment, 
and infrastructure but increased resource 
dependency and environmental pressures, 
particularly on water resources. As South 
Africa transitions from coal, the province faces 
major economic, social, and environmental 
restructuring challenges.

Water is central to Mpumalanga’s coal-
based economy, as coal mining and coal-fired 
power generation require substantial volumes 
for mining, beneficiation, dust suppression, 
cooling, and emissions control. Historically, 

extensive surface water, groundwater, 
and inter-basin transfers supported these 
activities, increasing long-term dependence 
on imported water and altering natural 
hydrological systems.

Mining-influenced water (MIW) is 
among the most significant and persistent 
environmental legacies of coal mining in 
Mpumalanga, posing long-term risks to water 
quality, ecosystem health, and sustainable 
water resource management. However, 
several studies have demonstrated that a 
number of treatment technologies, sustain
able management strategies and regulatory 
measures addressing the magnitude and 
complexity of MIW management have 
been developed (Mogashane et al. 2025). A 
significant milestone was achieved in 2005 
with the completion of the eMalahleni Water 
Reclamation facility, the world’s first plant 
to supply purified MIW to a municipality 
(Gunther & Mey, 2008).

As part of South Africa’s Just Energy 
Transition (JET) seeking to decarbonise 
industrial operations while addressing social 
equity, regional inequality and environmental 
restoration, the Integrated Resource Plan 
projects the retirement of approximately 



531531Kim, D.-M., Mühlbauer, R., Wolkersdorfer, Ch.

IMWA 2026 – Sustainability & Effi ciency

10 GW of coal-fi red generation capacity 
by 2030, with further decommissioning 
thereaft er, leaving only 2 operational coal-
fi red power stations by 2040 (DMRE, 2023). 
Such developments are expected to result 
in the closure of coal mines supplying coal-
fi red power operations and reduced water 
abstraction associated with mining and 
power generation. 

Th is study assessed the emergence of a new 
water economy as coal mines close and coal-
fi red power generation is decommissioned 
in Mpumalanga. Th e study advances existing 
mine water research by integrating water 
release from energy decommissioning with 
regional economic modelling, enabling direct 
comparison of water reuse pathways in a 
post-coal context.

Study Area
Figure 1 shows the case study area (Mpuma-
langa Province), located on the north eastern 
part of South Africa. Mpumalanga falls within 
three major water manage ment regions: the 
Upper Olifants Catchment Area, Upper Vaal 

Catchment Area, and the Inkomati–Usuthu 
Water Management Area. Each region 
has distinct hydrological and economic 
characteristics and management challenges, 
yet collectively they underpin the provincial 
water economy and provide the spatial 
framework for this study.

Methods 
An assessment was undertaken to identify 
various water resources that will become 
available as coal mines close and coal-fi red 
power stations are decommissioned. Data 
on the water resources were obtained from 
diff erent water users within the case study 
province, with three primary water resources 
identifi ed for the assessment. Each water 
resource was assessed in terms of its potential 
quantity, quality and reuse for productive 
purposes. 

An economic modelling approach was 
applied to assess the economic value of water in 
supporting an irrigation pathway and estimate 
how increased water inputs could contribute 
to regional GDP growth and employment 

Figure 1 Study area and its land use activities.
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creation through sectoral multiplier eff ects. 
Th is model was based on a Social Accounting 
Matrix (SAM) framework, which tracks the 
fl ow of income and expenditure between 
diff erent sectors of the economy, including 
intersectoral transactions, taxes, value 
added, and compensation to employees. Th e 
modelling assumes that historical economic 
relationships and multipliers represented 
within the SAM remain broadly applicable 
under future development conditions. 
Employment impacts were estimated based 
on changes in compensation to employees and 
therefore represent aggregate employment 
related benefi ts rather than disaggregated job 
categories or skill levels. 

Results and Discussion
Current water use patterns in 
Mpumalanga
Mpumalanga’s water governance is chal-
lenged by weak institutional capacity, delayed 
water licensing, fragmented regulation, 
and competing demands from mining, 
agriculture, and municipalities. Historical 
users retain dominant access to water, 
while enforcement and monitoring remain 
inadequate. Th ese governance gaps hinder 
equitable allocation, pollution control, and 
eff ective management of water and water 
scarcity (Helen Suzman Foundation, 2026).

Agriculture remains the largest water user, 
accounting for approximately 1 434 Mm3/a, 
with the Inkomati–Usuthu WMA alone 
responsible for about 1 069 Mm3/a. Irrigated 
agriculture in this region is dominated by 
sugarcane, citrus, and other subtropical 
crops that is highly dependent on regulated 
river abstractions and dam releases. Forestry 
constitutes a further major water con sumer, 
with an estimated 450 Mm3/a lost primarily 
through evapotranspiration, signifi cantly 
reducing runoff  and groundwater recharge, 
especially within the Inkomati–Usuthu 
WMA. Power generation has historically 
been a major strategic water user in 
Mpumalanga. Coal-fi red power stations cur-
rently consume approximately 214  Mm3/a 
for cooling, boiler feed, and fl ue gas 
desulfurisation. Manufacturing uses a further 
179 Mm3/a, largely concentrated in the Upper 
Vaal Catchment Area and driven by large 

industrial operations, which are expected 
to increase their direct water demand in the 
medium term (Sasol Limited, 2023).

Municipal and domestic water use amounts 
to approximately 202 Mm3/a, but system 
ineffi  ciencies signifi cantly reduce eff ective 
supply. Non-revenue water losses of around 
40%, largely due to ageing infrastructure and 
operational challenges, represent a major 
opportunity for demand management and 
water recovery (DWS, 2024). 

Water release through coal-fi red power 
stations decommissioning
Th e decommissioning of coal-fi red power 
stations under South Africa’s JET presents 
a substantial opportunity for reallocating 
released raw water. Table 1 provides a 
break down of the projected water demand 
associated with power generation up to 
2035. From Table 1 the total water demand 
is projected to reduce to 97.4 Mm3/a by 2035 
compared to a demand of 214.1  Mm3/a in 
2024, thereby releasing about 117  Mm3/a. 
By 2050, cumulative releases from all 
decommissioned stations are projected to 
reach between 200 and 245 Mm3/a. Individual 
power stations such as power stations A, B, 
E, and H are projected to reduce water use 
by more than 90%, highlighting the scale of 
potential reallocation (Eskom, 2024). Th is 
positions power generation released water as 
a strategic input into a future water economy 
that can potentially support economic 
diversifi cation and regional resilience.

Raw water is generally of relatively 
high quality, having been supplied through 
regulated inter-basin transfer schemes and 
managed bulk water systems. Typical raw 
water quality in these systems includes 
pH values ranging from approximately 
6.5 to 8.5, total dissolved solids (TDS) 
concentrations between 150 and 400  mg/L, 
sulphate concentrations generally below 
250  mg/L, and relatively low concentrations 
of iron and manganese (Ngamlana et al, 
2024). Th ese characteristics mean that the 
water is generally suitable for irrigation with 
minimal treatment requirements, although 
localized salinity or hardness adjustment may 
occasionally be necessary depending on crop 
sensitivity and irrigation method.
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Coal mining and mining-infl uenced water 
as a recoverable resource
Although coal mining uses a relatively 
modest volume of raw water compared to 
agriculture and power generation, its legacy 
impact on water resources is substantial. 
Coal mining in Mpumalanga generates 
approximately 224 Mm3/a of MIW with the 
Upper Olifants Catchment Area recording the 
highest volumes, followed by the Inkomati–
Usuthu WMA and then the Upper Vaal 
catchment Area as given in Table 2 (WARMS, 
2023). While only a small proportion is 
discharged directly into rivers, extensive use 
of rivers for discharging excess MIW creates 
cumulative water quality risks and long-term 
environmental liabilities.

MIW in Mpumalanga coalfi elds typi-
cally exhibits substantially poorer water 
quality due to prolonged interaction with 
exposed geological materials, underground 

workings, and mine residue deposits. 
Typical MIW quality includes pH values 
between approximately 2.5 and 7.5, TDS 
concentrations ranging from about 1 500 to 
6 000 mg/L, sulphate concentrations between 
500 and 3 500 mg/L, hardness concentra tions 
between 300 and 2 000 mg/L as CaCO3, iron 
concentrations ranging from 1 to 200  mg/L, 
and manganese concentrations between 
0.5 and 50  mg/L (Matebese et al., 2024). 
Th ese concentrations commonly exceed 
irrigation and industrial reuse thresholds. For 
irrigation reuse, South African water quality 
guidelines generally recommend long term 
TDS concentrations below approximately 
450 mg/L and sulphate concentrations below 
approximately 200  mg/L for sensitive crops 
(Du Plessis et al. 2017). Elevated sulphates 
and TDS may contribute to soil salinisation 
and reduced crop productivity, while elevated 
metals may create toxicity risks and long-

Power station Coal-� red power stations water demand estimates (Mm3/a)

2024 2035

A 13.3 1.3

B 25.3 1.9

C 26.1 10.0

D 2.6 2.6

E 29.6 3.1

F 37.6 14.5

G 8.7 13.3

H 16.1 0.4

I 20.0 14.7

J 26.7 24.5

K 8.1 11.1

Total 214.1 97.4

Table 1 Coal-fi red power stations projected water demand for the year 2035 (Eskom, 2024).

Discharge Method
Upper Olifants 

(Mm3/a)
Upper Vaal 

(Mm3/a)
Inkomati-Usuthu 

(Mm3/a)

Discharge into rivers 163.5 11.5 35.1

Point Source Discharge 13.3 0.17 0.40

Total 176.8 11.7 35.5

Table 2 Mining-infl uenced water discharge in Mpumalanga by catchment (WARMS, 2023).
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term accumulation in soils. Consequently, 
untreated MIW is generally unsuitable for 
irrigation and requires treatment before reuse.

Treated municipal wastewater effl  uent
Mpumalanga province hosts about 76 
municipal wastewater treatment plants 
(WWTPs) treating and discharging approxi-
mately 93 Mm3/a into the water resource 
(DWS Green Drop Report, 2022). Th is 
water can be redirected for reuse purposes, 
however, the effl  uent quality is highly variable 
(Malakane & Maphanga 2024), with many 
plants not fully compliant due to operational 
ineffi  ciencies, therefore requiring additional 
treatment for reuse purposes.

Treatment technologies and cost 
implications
Th e assessment of treatment techno logies 
confi rms that available water resources can 
be transformed into usable resources across 
a range of applications. Neutralisation using 
lime and limestone was identifi ed as the 
most cost-eff ective option for treating large 
volumes of MIW at an estimated cost of 
R5.68/m3 (USD 0.34/m3) for non-potable 
uses. Biological sulphate removal off ers 
enhanced sulphate reduction and broader 
industrial reuse potential, albeit at higher 
operational complexity and costs of around 
R7.40/m3 (USD 0.45/m3). Reverse osmosis 
(RO) remains essential for high-purity 
applications, including green hydrogen 
production, but at a signifi cantly higher cost 
of approxi mately R18.61/m3 (USD 1.13/ m3). 
In this regard, the eMalahleni Water 
Reclamation Plant represents a full scale 
RO plant implemented in Mpumalanga, and 
is currently recovering potable water from 
MIW sourced from several mines in the 
eMalahleni area (Gunther & Mey, 2008).

Economic opportunities and strategic 
pathways
Overall, an estimated 434 Mm3/a of water is 
expected to become available in Mpumalanga 
through the combined eff ects of coal-fi red 
power generation decommissioning, mine 
closure, and treated municipal effl  uent 
discharges. 

Th e results of the economic modelling 
based on the SAM framework indicates 
that redirecting treated water to irrigation 
off ers the most immediate and cost-eff ective 
development pathway. In this regard, reusing 
approximately 224 Mm3/a for irrigation has 
the potential to create more than 16 000 
jobs, generate R3 billion worth of direct 
value addition and a total economic output 
exceeding R26 billion when multiplier 
eff ects are considered. However, these results 
should be interpreted as indicative ranges 
of potential economic outcomes rather than 
precise forecasts, as they remain subject to 
uncertainty associated with future market 
conditions, infrastructure availability, policy 
developments, technological change, and 
limitations in the availability and quality of 
economic and water use data. Nonetheless, 
the irrigation pathway presents an option 
that supports food security, economic 
revitalisation and employment creation in 
areas aff ected by mine closures.

Green hydrogen production represents 
a longer-term strategic opportunity aligned 
with low-carbon industrial development. 
However, its feasibility depends not only 
on water availability and quality but also 
on the parallel development of renewable 
energy, electrolyser capacity, and supporting 
infrastructure. While Mpumalanga’s existing 
grid and industrial base provide advantages 
for green hydrogen as a pathway, irrigation 
remains the most practical near-term option 
for maximising socio-economic benefi ts.

Conclusions
Mpumalanga is expected to face signifi cant 
economic, environmental and social changes 
as South Africa moves away from coal-based 
energy. Th e study shows that water currently 
used in coal mining and power generation, 
including mining-infl uenced water and 
treated municipal effl  uent, could support 
future economic activities through productive 
reuse. Irrigation presents the most immediate 
opportunity, while green hydrogen may off er 
longer-term industrial potential. Achieving 
this transition will however require careful 
planning across water, energy and land-use 
sectors, together with improved governance, 
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regulatory reform, and investment in water 
treatment and reuse infrastructure to support 
sustainable regional development and long-
term water security.
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Dear IMWA 2026 Participant, dear Reader!

We are delighted to welcome you to IMWA 2026 in South
Korea, only the second IMWA conference to be held in
Asia during the Association’s 47-year history.

The presentations and discussions at IMWA 2026 reflect
the latest advances in mine water science and engineer-
ing, including innovative modeling approaches, software
applications and emerging technologies for mine water
management. Through these contributions, IMWA 2026
aims to support the development of smarter, more sus-
tainable and more efficient solutions for mine water
challenges worldwide. Several presentations also ad-
dress climate change, carbon sequestration and carbon
accounting, highlighting the growing importance of en-
vironmental sustainability in the mining sector. At the
same time, hydrogeology, geochemistry, mine water
control and treatment, water reuse and geothermal ap-
plications remain central themes of the conference.

Ninety-two presentations were included in the confer-
ence program, comprising 75 oral presentations and 17
poster presentations, with more than 200 participants
representing around 30 countries. This broad inter-
national participation demonstrates the continued
strength and diversity of the global mine water commu-
nity.

All papers included in this volume have undergone rig-
orous peer review to ensure a high scientific standard.
We sincerely thank all authors, reviewers, organizing
committee members, sponsors and participants whose
contributions made IMWA 2026 possible.

We hope that this conference and its proceedings will
further strengthen international collaboration in mine
water research and practice, while encouraging greater
participation from Asia and other emerging regions. We
trust that the knowledge shared through IMWA 2026 will
contribute to the advancement of sustainable mine
water management for years to come.

Duk-Min KIM | Conference Chair
Ritva MÜHLBAUER | IMWA 2026 Proceedings Editor
Christian WOLKERSDORFER | IMWA President
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