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The Background to the Project 

1980’s Preliminary International Evaluation of Mine Water Irrigation Potential (Israel @ Arnot 

Colliery);

▪ Early international expert assessments, including site evaluations and institutional 

engagement, indicating the long-term suitability of mine water for agricultural 

irrigation.

1993-2007 Experimental Investigation and Environmental Impact Assessment;

▪ A sustained phase of laboratory, glasshouse, and field-based irrigation trials across 

selected coalfield sites, accompanied by comprehensive Water Research Commission 

(WRC) studies assessing environmental sustainability and groundwater impacts.

2013-2014 Feasibility Analysis within a Regional Acid Mine Drainage Management Framework;

▪ Detailed feasibility study examining irrigation with treated mine water as a component 

of a long-term, basin-scale neutralised acid mine drainage management strategy in the 

Vaal Basin.

2016 Operational-Scale Demonstration of Mine Water Irrigation;

▪ Field demonstration validating the technical and agronomic viability of the mine water 

irrigation concept under operational conditions at Mafube Colliery.

2017 Operational-Scale Demonstration of Mine Water Irrigation;

▪ Field demonstration validating the technical and agronomic viability of the mine water 

irrigation concept under operational conditions at Mafube Colliery.

The research history 
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The Background to the Project 

Planning and Implementation: Irrigation Project 
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The Innovative Collaboration

▪ The Directive is addressed to the WRC; 

Mafube is the test site.

▪ Liability lies with the WRC.



The Background to the Project 

2017 Source water qualities vs targeted crops  

Parameter Unit Void Water Raw Water Dam
Arnot 

Water

Crop 

Suitability 

pH – 7.7 7.8 7.7 All 

Electronic 

Conductivity (EC)
mS/m 208 229 558 V & RW

Calcium (Ca) mg/L 241 268 526 V & RW

Magnesium (Mg) mg/L 151 176 585 V & RW

Sodium (Na) mg/L 103 56 108 V & RW

Potassium (K) mg/L 35 30 72 V & RW

Chloride (Cl) mg/L 28 23 21 All

Sulphate (SO4) mg/L 1 065 1 414 3 580 V

Parameter Unit
SA Guideline – 

Suitable
Marginal Unsuitable

pH – 6.5 – 8.4
5.5 – <6.5 or 

>8.4 – 9.0
<5.5 or >9.0

EC mS/m < 40 40 – 90 > 90

Calcium (Ca) mg/L < 200 200 – 400 > 400

Magnesium (Mg) mg/L < 60 60 – 120 > 120

Sodium (Na⁺) mg/L < 100 100 – 200 > 200

Potassium (K) mg/L < 10 10 – 20 > 20

Chloride (Cl⁻) mg/L < 100 100 – 350 > 350

Sulphate (SO₄²⁻) mg/L < 250 250 – 500 > 500

Criteria for water source selection 

 Suitable – No restriction

 Marginal – Moderate restriction (management required)

 Unsuitable – Severe restriction (only salt-tolerant crops)

SA guideline for irrigation water 

Water Source Salinity Risk Sodicity Risk Long-Term Soil Risk

Void Water  Moderate  Moderate Moderate degradation risk

Raw Water Dam  Moderate  Low  Moderate degradation risk

Arnot  High  Moderate  High degradation risk
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The Background to the Project 

▪ Three possible water sources were chosen from the mine, with void 3 being the most preferred 

source (Quantity, quality, location, area management - controlled by Mafube, no production 

impact, and cost-effective – pipes distance). 

▪ The water quality from the site was appropriate for the project, as the water will be taken up by 

the roots, and 

▪ concentrated salt precipitation of Gypsum in the soil profile exported via irrigation return flows.

2017 Source water qualities vs targeted crops  

Crop Salinity Tolerance (ECe mS/m) Suitability

Soybean - 500 Marginal

Maize - 170 Suitable

Wheat - 600 Suitable

Barley - 800 Suitable

Sorghum - 680 Highly suitable

Stooling rye - 1140 Highly suitable

Lucerne / pasture - Moderate–high Highly suitable



Science Stability – The Proven Theory  

Soil, water qualities = Food safety  

Irrigation water quality monitored at Mafube and Beestepan pivots consistently 

complied with the South African Irrigation Water Quality Guidelines (DWAF, 1996) for 

salinity, sodicity, and food safety. Although electrical conductivity and sulphate 

concentrations were elevated, the Ca–SO₄-dominated nature of the water promotes 

gypsum precipitation, thereby reducing effective salinity and limiting adverse soil 

chemical impacts.

Soil Risk Classification and Soil Risk Categories 

Risk Driver Evidence in Report (WRC, 2024) Risk Category

Salinity EC mostly < 300 mS/m in irrigation water; soil ECe < crop threshold  Moderate

Sodicity Low Na and low SAR; high Ca mitigates dispersion  Low

Soil structure
Stable on unmined land; compaction impact & ponding on 

rehabilitated land
–  Variable

Sulphate loading High SO₄ loads (>30 t/ha over 7 seasons)  Managed

Trace elements Slow accumulation (>200 yrs for most metals)  Low
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The Evolving Process 

Key agricultural results and gains 

Observed Yields

Maize (Unmined Pivot):

▪ Irrigated: 12–14 t/ha grain 

▪ Dryland: 5–9 t/ha grain 

▪ No declining trend over 7 consecutive seasons

▪ Shifted from R5,400/ha loss to R6,000/ha profit (2017). 

Rehabilitated Land (Pasture/Weeds):

Yield varies 1.3–7.4 t/ha, driven by:

▪ Compaction

▪ Ponding

▪ Root depth restrictions

▪ Low P and K
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The Evolving Process 
Environmental Benefits and Water Stewardship 

▪ The Mafube project advances water stewardship by reducing reliance on scarce 

freshwater and promoting beneficial reuse of mine-affected water. Diverting mine 

water to irrigation lessens uncontrolled discharge risks and reduces abstraction from 

surface or groundwater in the water-stressed Olifants Catchment. 

▪ Avoiding energy-intensive treatment plants cuts ongoing energy and chemical inputs, 

lowering operational costs and greenhouse gas emissions. Irrigation reuse 

represents a lower-energy pathway aligned with resource efficiency and circular 

economy principles. 

▪ Robust environmental monitoring remains essential to manage soil salinity and 

nutrient accumulation within acceptable thresholds, demonstrating that 

environmental protection and productive use can coexist when guided by science. 

▪ Responsibly implemented, mine water reuse can form part of an integrated 

environmental management strategy rather than a compromise solution. 

▪ Employment and Skills Pathways: Profitable agriculture enables jobs, on-farm 

training, and knowledge transfer led by a local farmer. 

▪ Community Resilience & Food Security: Increased local production strengthens food 

security and buffers supply shocks and price volatility.

▪ Just Transition Alignment: Viable post-mining land uses raise the productive value of 

land and water, softening closure impacts. 

▪ Social Accountability: Engagement with unions and regulators ensures community 

interests and long-term regional stability. 
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Mafube Spend on community training  relating to the agricultural project 

Cost Management During the Initial Phase  

Project Total Budget 2014 Spend 2015 Spend 2016 Spend 2017 Spend 2018 YTD Spend Total Spend Variance

Agricultural Project 

(Irrigation)
R 3,000,000.00 R – R – R 39,455.32 R 57,804.00 R 251,273.95 R 348,533.27 R 2,651,466.73

Stakeholder Total Contribution (R) % of Overall Project Spend

Mafube Colliery 1 132 706.70 9.1%

WRC 11 263 900.00 90.9%

Overall Project Total 12 396 606.70 100%

Mafube ’s internal Spend

 

▪ Pivot Installation – largest share

▪ Monitoring Borehole Drilling

▪ Water Pipeline – core water supply infrastructure

▪ Electrical Cable & Fencing – site access, safety, 

and connectivity

▪ Pump Testing – operational commissioning

WRC Spend

 

▪ Human Resources (dominant share)

▪ University of Pretoria and University of the Free 

State professors

▪ Postgraduate students

▪ WRC officials and technical specialists

▪ Laboratory analyses

▪ Casual labour

▪ Field campaigns

▪ Data loggers

▪ Weather station(s)

▪ Minor Expenses

▪ Reporting

▪ Computer programming and data processing

Mafube ‘s 8yrs spend = 4,389,165.98 
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The Evolving Process 

Operational Challenges

▪ Initial provision of costs that were not budgeted for

▪ Rehabbed area had different undulations – water not draining 

▪ Machine availability for the Pivot area

▪ Delays in the actual Pivot re-assembly process

▪ Damaged parts placement

▪ Consistent monitoring – theft 

▪ Subsequent Delays in planting the winter crop (initial stages)

▪ Structural failure (i.e., clogged sprayers and blockages)

▪ Dryer seasons – less water availability 

▪ Electricity cuts – Pivot not completing its revolution 

▪ Permitting – Directive expired, and 21(g) & (e)+ is underway (Flagship for national mine water irrigation guidance)

Note: Permitting process in progress – Mr. S. Macevele to cover the DWS progress

Additional topsoiling and levelling 

Pipe leaks

Slurry water/blocked sprayers. 
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Conclusion: From Liability to National Asset 

Mine closure Liability – AMD responsibility reduced 

From Risk to Resource

Mine-affected water becomes a 

productive input delivering 

environmental, economic, and 

social value.

Integrated Sustainability

Partnerships, rigorous monitoring, 

and adaptive management enable 

success.

Evidence for Policy

Robust results challenge 

assumptions and inform 

replication and policy 

development.

Scalable Just Transitions

A practical pathway for water-

scarce regions to align food 

security and stewardship.

Scalable Just Transitions

A practical pathway for water-

scarce regions to align food 

security and stewardship.

Pipeline distances 

from Void 3 to the 

Two Irrigation Pivots 

Pipeline Route Pipeline Distance Timeline for operational cost

Scavenger Borehole 1 to 

Collection Point 

1 700 50 years

Scavenger Borehole 2 to 

Collection Point 

300 50 years

Scavenger Borehole 3 to 

Collection Point 

150 50 years

Pan Boreholes to Collection Point Not specified 50 years

Collection Point to Pivots 49 100 years (end of reporting 

timeline)

Once mining is fully ceased, water source will be from the decant scavenger 

boreholes as projected below 
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Video 

2020 for Anglo American – Project warn first prize 
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