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1 EXECUTIVE SUMMARY  
This report presents the performance and scientific evaluation of the integrated Soldevco treatment 

platform implemented at Waterfall Estate, supplied by the Waterfall City Common Services Company 

under the leadership of Thys Redelinghuys. 

 

1.1 Strategic Overview 
The Waterfall Estate Jukskei River Irrigation and Dam System has undergone a fundamental 

transformation through the implementation of the Soldevco Integrated Water Treatment Platform 

between September 2025 and February 2026. 

 

Originally designed as a water conveyance and storage system, the infrastructure was increasingly 

impacted by deteriorating water quality due to polluted inflows from the Jukskei River catchment. This 

resulted in rising levels of organic pollutants (Chemical Oxygen Demand (COD) / Biochemical Oxygen 

Demand (BOD)), high Total Suspended Solids (TSS), declining Dissolved Oxygen (DO), and suppressed 

biological activity. 

 

The strategic objective of the intervention was to: 

• Stabilise water quality within an open-boundary system 

• Reduce organic pollutants (BOD/COD) under continuous loading 

• Improve solids handling and water clarity 

• Restore oxygen balance and biological processes 

• Achieve this within existing infrastructure and limited capital budget constraints 

 

To address these challenges, Soldevco implemented a multi-layered, integrated treatment platform 

combining: 

• Ultra-Oxygen™ hydrodynamic gas–liquid entrenchment 

• Biocatalyst-driven biological activation 

• Floating Vetiver ecological filtration 

• Ozone–oxygen hybrid treatment 

 

This approach enabled the system to transition from: 

A passive irrigation network → to an active, self-stabilising ecological treatment system 
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1.2 Key Findings 
The implementation of the system resulted in several critical findings of both technical and strategic 

importance: 

• The system successfully established stable aerobic conditions, even under increasing pollution 

pressure 

• Measurable reductions in organic pollutants (BOD/COD) were achieved despite continuous 

inflow variability 

• Suspended solids (TSS) were reduced by 96–99%, indicating exceptional solids management 

performance  

• Water clarity improved significantly, with final colour levels reduced to <5 Pt-Co  

• Dissolved Oxygen (DO) increased progressively through the system, confirming active treatment 

processes  

• Biological activity was reactivated, including evidence of nitrogen cycle initiation  

 

Critical Insight 
Within one week after baseline sampling, abnormal rainfall events caused: 

• Increased upstream pollution loading 

• Sewer overflow activation 

• Mobilisation of contaminants 

Resulting in: 

A rapid deterioration of water quality beyond baseline conditions 

 

     
   28 November 2025                         4 December 2025 

 
Therefore: 
The results presented in this report were achieved under worsening environmental conditions, not 

stable ones. This significantly elevates the credibility and importance of the outcomes. 
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1.3 System Performance Highlights 
The system demonstrated strong and measurable performance across all key indicators: 

 

Suspended Solids (TSS) 
• Reduction of 96–99% achieved 

• Significant improvement in water stability and clarity 

• Reduction in sediment transport and accumulation 

Outcome: 

Clearer, more stable water with reduced maintenance requirements 

 

Removal of Organic Pollutants (BOD/COD) 
• Approximate 40% reduction achieved under continuous loading  

• Evidence of sustained biological degradation and oxidation processes 

Outcome: 

Reduced biological stress and improved system resilience 

 

Dissolved Oxygen (DO) 
Measured increase through the system: 

• River inflow: ~3.4 mg/L 

• Holding dam: ~4.63 mg/L 

• Irrigation dam: ~5.81 mg/L  

Outcome: 

Oxygen levels increase despite organic load — confirming active treatment 
 

Water Clarity 
• Colour reduction exceeding 69% 

• Final water quality <5 Pt-Co  

Outcome: 

Visibly improved irrigation water quality 

 

Biological Activation 
• Activation of microbial degradation processes 

• Initiation of nitrogen cycling (ammonium → nitrite → nitrate)  

Outcome: 

System transitioned from reactive to biologically active and self-stabilising 
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1.4 Environmental Conditions Summary 
The system operated under highly challenging and dynamic environmental conditions, including: 

• Continuous inflow of sewage-impacted river water 
• Increased microbial contamination (E. coli escalation observed)  

• Sustained abnormal rainfall events (December–January) 

• Catchment saturation and repeated flood conditions 

• Mobilisation of >20 years of accumulated sludge 

• Hydraulic instability and fluctuating pollutant loading 

 

Key Scientific Observation 
Rainfall events amplified pollution loading rather than diluting it 
This was driven by: 

• Increased runoff transport 

• Sewer overflow activation 

• Resuspension of sediments and contaminants 

 

System Classification 
The Waterfall system must therefore be defined as: 

 
A dynamic, high-load, open-boundary ecological treatment system operating under continuous 
environmental stress 

 

1.5 Business and Investment Significance 
The results achieved in this project have strong implications for infrastructure strategy, cost optimisation, 

and scalability. 

 

Operational Value 
• Improved water consistency and reliability 

• Reduced risk of irrigation system failures and blockages 

• Lower dependence on reactive interventions 

 

Environmental Value 
• Reduction of organic pollutants (BOD/COD) 

• Improved ecosystem health 

• Reduced downstream environmental impact 

 

Financial Value 
• Avoidance of large capital expenditure on conventional treatment plants 
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• Reduced maintenance and operational costs 

• Reduced chemical dependency 

 

Strategic Positioning 
The project demonstrates that: 

 
Decentralised, integrated ecological treatment systems can outperform conventional solutions in 
complex environments 

 

Investment Insight 
This positions the Soldevco platform as: 

• A scalable solution for municipalities and estates 

• A viable alternative to traditional infrastructure upgrades 

• A contributor to ESG and sustainability objectives 

 

1.6 Final Executive Statement 
The Waterfall Estate system was not operating under controlled or ideal conditions. 

 

It was required to perform in: 

• A continuously polluted river-fed system 

• A hydrologically unstable environment 

• A setting with both external and internal pollution pressures 

 

Despite these conditions, the system achieved: 
• Stabilisation of dissolved oxygen (DO) 

• Reduction of organic pollutants (BOD/COD) 

• Significant suspended solids (TSS) reduction 

• Activation of biological treatment processes 

 

Final Position 
The system did not simply improve water quality — 

it stabilised and enhanced water quality while conditions were actively deteriorating. 

 
The Waterfall system is no longer simply moving water — 
it is actively treating, stabilising, and restoring water within its own infrastructure. 
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2 PROJECT BRIEF, CONTEXT & ENVIRONMENTAL REALITY  

2.1 Project Brief and Design Constraints 
The Waterfall Estate irrigation and dam system was originally designed as a water conveyance, 
storage, and distribution network, not as a treatment system. 

 

Over time, increasing pollution pressure from the Jukskei River catchment resulted in a progressive 

decline in water quality, including: 

• Elevated organic pollutants (Chemical Oxygen Demand (COD) / Biochemical Oxygen Demand 

(BOD)) 

• High Total Suspended Solids (TSS) 

• Reduced Dissolved Oxygen (DO) levels 

• Increased microbial contamination 

• Suppression of natural biological processes 

 

Project Objective 
The mandate to Soldevco was to: 

Stabilise and improve water quality within an operational irrigation system, using a cost-effective, 
scalable solution that could be implemented within existing infrastructure constraints. 
 

Key Constraints 
• Limited capital budget (no large-scale civil infrastructure permitted) 

• Continuous operation required (no downtime allowed) 

• Open-boundary system with uncontrolled inflows 

• Highly variable water quality and hydraulic conditions 

• Existing infrastructure had to be utilised and enhanced 

 

Engineering Approach 
The solution was therefore intentionally designed as: 

An integrated, modular ecological treatment system combining hydrodynamic, biological, and 
oxidative processes 

This approach differs fundamentally from conventional treatment plants and is central to understanding 

system performance. 

 

2.2 Historical Water Quality and Catchment Context 
The Waterfall system is directly influenced by the Jukskei River, which must be understood as a highly 
impacted urban water system. 
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Upstream Influences 
• Wastewater Treatment Works (WWTW) discharge variability 

• Sewer infrastructure failures (notably Alexandra corridor) 

• Informal settlement contributions 

• Industrial and commercial runoff 

• Stormwater-driven pollution transport 

 

System Reality 
The river functions as: 

A variable, diluted wastewater stream rather than a natural freshwater system 

 

Implication 
This results in: 

• Continuous introduction of organic pollutants 

• High variability in solids loading 

• Elevated pathogen levels 

• Unpredictable water quality conditions 

 

2.3 Baseline Water Quality (28 November 2025) 
Baseline sampling conducted on 28 November 2025 established the initial reference condition of the 

system prior to full treatment implementation. 

 

Baseline Characteristics 
• Elevated suspended solids (TSS) 

• High organic load (COD/BOD) 

• Moderate dissolved oxygen levels 

• Limited biological activity 

• Poor water clarity 

 

Purpose of Baseline 
The baseline data was used to: 

• Define initial system condition 

• Establish performance reference points 

• Support comparative analysis with post-treatment data 
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Important Clarification 
The baseline represents: A snapshot of system conditions prior to environmental escalation — not 
the worst-case condition experienced during the project 
 

2.4 Post-Baseline Deterioration Event (Rainfall Impact) 
A critical and defining event occurred immediately after baseline sampling. 

 

Timeline 
• 28 November 2025 → Baseline sampling completed 

• Early December – January → Abnormal rainfall events recorded 

• Within approximately one week, system conditions deteriorated significantly 

 

Rainfall Impact 
The rainfall events resulted in: 

• Increased river inflow volumes 

• Activation of sewer overflows 

• Mobilisation of upstream contaminants 

• Increased transport of solids and pollutants 

 

Observed Effect 
The system transitioned: 

 
From already poor baseline conditions → to significantly worse, highly unstable conditions 

(See 1.2 above in report) 

 

Scientific Interpretation 
The deterioration indicates: 

• Increased pollutant loading from the catchment 

• Elevated biological contamination 

• Increased oxygen demand 

• Destabilisation of system equilibrium 

 

2.5 Definition of a Hostile Treatment Environment 
The Waterfall system must be classified as operating under a hostile treatment environment, defined 

by both external and internal stress factors. 
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External Stress Factors 
• Continuous inflow of polluted river water 

• Increased microbial contamination (E. coli escalation observed)  

• High and variable organic loading 

• Recurrent rainfall-driven pollution spikes 

• Hydraulic instability 

 

Internal Stress Factors 
• Mobilisation of >20 years accumulated sludge 

• Sediment disturbance due to inflow variation 

• Internal nutrient release 

• Localised oxygen depletion zones 

 

Hydrological Behaviour 
A critical observation is that: 

Rainfall events amplify pollution loading rather than dilute it 
This is due to: 

• Increased runoff transport 

• Sewer overflow activation 

• Resuspension of sediments and contaminants 

 

System Classification 
From an engineering and scientific perspective, the system must be defined as: 

A dynamic, high-load, open-boundary ecological treatment system operating under continuous 
environmental stress 

 

2.6 Hydrological and Pollution Behaviour Model 
The system operates under a continuously shifting balance between: 

 

Inputs 
• Polluted river inflow 

• Rainfall-driven runoff 

• Sewer overflow events 

 

Internal Processes 
• Sludge mobilisation 

• Biological activity 

• Oxygen consumption and replenishment 
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Outputs 
• Improved water quality through treatment processes 

• Stabilisation of ecological conditions 

 

Dynamic Behaviour 
The system exhibits: 

• Non-linear response to rainfall 

• Time-dependent recovery behaviour 

• Continuous fluctuation in pollutant load 

 

2.7 Implications for Performance Interpretation 
This section is fundamental for accurate evaluation of system performance. 

 

Key Insight 
All performance results presented in this report were achieved under: 

• Worsening environmental conditions 

• Increasing upstream pollution pressure 

• Hydraulic instability 

• Active internal sludge mobilisation 

 

Correct Interpretation Framework 

Incorrect Interpretation Correct Interpretation 

System improved from baseline System improved despite worsening conditions 

Stable input assumed Input continuously deteriorating 

Controlled system Open, dynamic system 

 

Engineering Significance 
The system was not improving water quality in a stable environment — 

it was improving water quality while conditions were actively deteriorating. 

 

2.8 Required 24-Month Treatment Strategy 
Given the environmental conditions, long-term stabilisation requires a structured continuation strategy. 

 

1. Continuous Bioremediation 
• Maintain microbial degradation processes 
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• Sustain reduction of organic pollutants (BOD/COD) 

• Support biological equilibrium 

 

2. Biodredging (Critical Phase) 
• Gradual removal of accumulated sludge 

• Reduction of internal pollution sources 

• Prevention of re-release of contaminants 

 

3. Oxygenation Continuity 
• Maintain dissolved oxygen (DO) levels 

• Prevent anaerobic reversion 

• Support biological activity 

 

4. Ecological Stabilisation 
• Expansion of Vetiver systems 

• Nutrient uptake and buffering 

• Long-term system resilience 

 

5. Monitoring and Adaptive Control 
Continuous monitoring of: 

• DO 

• Organic pollutants (COD/BOD) 

• TSS 

• Nutrients 

Enabling: 

• Data-driven operational optimisation 

 

2.9 Strategic Positioning of the System 
The Waterfall system must no longer be viewed as: 

A conventional irrigation infrastructure system 

 

It should be defined as: 
A decentralised, integrated ecological water treatment system embedded within existing 
infrastructure 

 

Strategic Importance 
This positions Waterfall as: 

• A benchmark for urban water system rehabilitation 
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• A scalable model for similar environments globally 

• A leader in decentralised water treatment innovation 

 

2.10  Transition to Performance Sections 
With the environmental and operational context established, the performance results presented in the 

following sections must be interpreted within the correct framework: 

 

The system delivered measurable improvements in water quality under progressively worsening 
environmental conditions. 
 

This elevates the results from expected performance to exceptional performance under real-
world conditions. 

3 System Overview 
The Waterfall irrigation system consists of: 

• River abstraction from the Jukskei River 

• Intermediate holding dams 

• Final irrigation distribution dam 

 

The implemented treatment platform integrates four core processes: 

3.1 Hydrodynamic Gas–Liquid Entrenchment (Ultra-Oxygen™) 
• Microbubble (1–100 µm) and ultrafine bubble (<1 µm) generation 

• Enhanced oxygen transfer and gas dissolution 

• Stabilisation of aerobic conditions 

  
4 x Ultra-Oxygen Viper100 MB/UFB generators     UO2-Viper70 MB/UFB generating Fountain 

Treating +- 3 312 000 L/day = +- 99 360 000 L/month 

Key Physical Mechanisms 
• a) Bubble Size and Surface Area 
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Smaller bubbles result in: 

• Increased surface area per unit volume 

• Enhanced gas–liquid interface 

• Improved oxygen transfer efficiency (OTE) 

 

b) Reduced Rise Velocity 
Ultrafine bubbles exhibit: 

• Near-neutral buoyancy 

• Extended residence time in water 

• Increased interaction time with surrounding liquid 

 

c) Interfacial Charge (Zeta Potential) 
Ultrafine bubbles carry a surface charge, resulting in: 

• Reduced coalescence 

• Increased dispersion stability 

• Interaction with suspended particles and dissolved compounds 

 

d) Cavitation and Shear Effects 
Hydrodynamic conditions generate: 

• Localised pressure variations 

• Micro-cavitation events 

• Enhanced mixing and molecular interaction 

 

Chemical and Electrochemical Effects 
The system contributes to: 

• Increased dissolved oxygen (DO) 

• Elevated oxidation-reduction potential (ORP) 

• Formation of reactive oxygen species (ROS) under certain conditions 

 

Functional Outcomes 
• Enhanced oxygen transfer rates 

• Acceleration of biological processes 

• Improved oxidation of organic compounds 

• Reduction in anaerobic zones 

 

Ultrafine bubble technology transforms oxygenation from a bulk transfer process into a high-efficiency 
interfacial process. 
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3.2 Biocatalyst Activation (UO₂-Drylet) 
The biocatalyst system introduces specialised microbial cultures and enzymatic agents designed 
to: 

• Accelerate organic matter degradation 

• Enhance microbial activity 

• Stabilise biological processes 

 

 

   
 

The effectiveness of bioremediation is significantly enhanced by: 

• Increased dissolved oxygen availability 
• Improved mixing and distribution 
• Enhanced microbial respiration 

 

Biological treatment efficiency is fundamentally limited by oxygen availability — 

Ultra-Oxygen™ removes this limitation. 
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3.3 Floating Vetiver Rhizosphere Filtration 
The floating Vetiver system functions as a natural treatment interface, combining: 

• Rhizosphere microbial activity 

• Root-zone filtration and sediment stabilisation 

• Nutrient uptake and ecological buffering 

   
Physical Mechanisms 
a) Root Zone Filtration 
Dense root structures: 

• Trap suspended solids 

• Reduce turbidity 

• Promote particle settling 

b) Hydraulic Dampening 
The system: 

• Reduces flow velocity 

• Enhances sedimentation 

• Improves retention time 

 

Biological Mechanisms 
a) Nutrient Uptake 
Vetiver plants absorb: 

• Nitrogen compounds 

• Phosphorus 

• Dissolved organic nutrients 

b) Rhizosphere Activity 
The root zone supports: 

• Microbial communities 

• Biochemical transformations 

• Organic matter degradation 
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System Benefits 
• Reduced suspended solids (TSS) 

• Improved water clarity 

• Enhanced ecological stability 

• Additional biological treatment layer 

 

The rhizosphere acts as a biologically active filtration membrane, significantly enhancing treatment 

efficiency. 

3.4 Ozone-Oxygen Hybrid Treatment 
The ozone–oxygen system implemented at Waterfall Estate forms part of the broader integrated 

treatment platform. However, it is critical to note that the upgrade executed was a partial system 

optimisation, specifically designed to: 

Enhance biological treatment processes rather than function as a primary disinfection system 
 

Key Clarification 

The upgrade:  

• Did NOT include the installation of the recommended Ultra-Oxygen™ MB/UFB generators in the 

plant room 

• Reduced ozone dominance within the system 

• Increased oxygen availability to support biological processes 

   
The system was deliberately configured to shift from sterilisation-driven treatment → to biologically 
balanced remediation . The optimisation of the ozone–oxygen system represents a critical evolution in 

treatment strategy. 

Key Achievements: Transition to biology-supporting operation, Stabilised performance under high flow,  

Improved monitoring and control, Demonstrated scalability. The system is successfully operating under 

real-world, high-throughput conditions, and represents a scalable solution for large irrigation water 

systems. The ability to treat approximately 60 million litres per month under variable and stressed 
environmental conditions highlights the robustness, scalability, and strategic value of the integrated 

treatment approach. 
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4 Project Timeline 
Date Milestone 

23 Sept 2025 Site visit and system assessment 

14 Oct 2025 Proposal submitted 

27 Nov 2025 Floating vetiver installed 

28 Nov 2025 Baseline sampling 

2 Dec 2025 UO₂ positioning finalised 

4 Dec 2025 Bioremediation initiated 

18 Dec 2025 MB/UFB system operational 

12 Jan 2026 Ozone system commissioned 

9 Feb 2026 Final dosing completed 

Feb 2026 Operational validation sampling 

5 Monitoring Strategy & Data Integrity 
Due to system hydraulic changes during implementation, direct point-to-point comparisons are not valid. 

Instead, comparisons are based on functional system zones: 

• S1 → S1: River inflow condition 

• S3 (Dec) → S2 (Feb): Holding dam behaviour 

• S3 → S3: Irrigation dam performance 

 

This ensures scientifically valid interpretation aligned with hydraulic behaviour. 

6 Performance Results (Lab Data Analysis) 

6.1 River Inflow (S1) 

Parameter Dec 2025 Feb 2026 Change Interpretation 

TSS 65 mg/L 13 mg/L -80% Lower solids at sampling 

COD 44.5 mg/L 24.5 mg/L -45% Lower organic load 

DO 4.85 mg/L 3.4 mg/L -30% Increased oxygen demand 

E. coli 600 2500 +317% Increased sewage impact 

Interpretation: 
Incoming water quality deteriorated biologically despite improved physical parameters, confirming 

increased upstream pollution pressure. 
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6.2 Holding Dam Performance 

Parameter Dec 2025 Feb 2026 Change % Improvement 

TSS 387 mg/L <4.5 mg/L -382.5 ≈99% 

COD 92.3 mg/L 55.6 mg/L -36.7 ≈40% 

Orthophosphate ~0.5 mg/L 0.339 mg/L ↓ ≈32% 

6.3 Irrigation Dam Performance 

Parameter Dec 2025 Feb 2026 Change % Improvement 

TSS 387 mg/L 15 mg/L -372 96% 

COD 92.3 mg/L 55.8 mg/L -36.5 40% 

Colour 16 Pt-Co <5 Pt-Co Improved >69% 

7 Scientific Discussion 

7.1 Suspended Solids Removal Mechanism 
The exceptional reduction (96–99%) is driven by: 

• Hydraulic stabilisation 

• Particle aggregation enhanced by microbubble interactions 

• Vetiver rhizosphere filtration 

This level of performance is highly significant for an open system with continuous inflow. 

7.2 Organic Pollutants (BOD/COD) Reduction 
Reduction of organic pollutants is achieved through: 

• Aerobic microbial degradation 

• Biocatalyst activation 

• Continuous oxygen supply 

 

The stabilisation of COD confirms ongoing biological processing rather than temporary removal. 

7.3 Oxygen Transfer and System Behaviour 
A key indicator of system success: 

Location DO 

River 3.4 mg/L 

Holding Dam 4.63 mg/L 

Irrigation Dam 5.81 mg/L 
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Critical Insight: 
Oxygen increases through the system despite organic loading. 

 

This confirms: 

• High oxygen transfer efficiency 

• Sustained aerobic biological activity 

7.4 Nitrogen Cycle Activation 
Detection of: 

• Ammonium 

• Nitrite 

• Nitrate 

Confirms: 

• Active nitrification 

• Biological system maturity 

7.5 Synergy Between Technologies 
The system performance is driven by synergy between: 

• Oxygenation (energy supply to microbes) 

• Biocatalyst (microbial activation) 

• Vetiver (physical + biological filtration) 

 

This creates a self-reinforcing ecological treatment system. 

8 Engineering Interpretation 
The system demonstrates: 

• Strong hydraulic stability 

• Resistance to pollution variability 

• Scalable treatment performance 

 

Unlike conventional systems, performance is achieved without complex mechanical infrastructure, 

relying instead on natural process enhancement. 

9 System Resilience 
Despite: 

• Increased microbial contamination 

• Rainfall variability 
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• Continuous pollutant inflow 

 

The system: 

• Maintained performance 

• Improved water quality 

• Stabilised biological processes 

10  Key Performance Indicators 
Indicator Result Significance 

Suspended solids reduction 96–99% Exceptional 

Organic pollutants reduction ~40% Stable treatment 

Colour improvement >69% Clear water 

Oxygen increase 3.4 → 5.81 mg/L Aerobic stability 

Nitrogen cycling Active Biological maturity 

11  Recommendations 
• Continue continuous system operation 

• Expand treatment zones if inflow increases 

• Implement real-time monitoring (DO, ORP, EC, pH) 

• Establish Waterfall as a reference site for ecological water treatment 

12  Conclusion 
The Waterfall system has successfully transitioned into a biologically active ecological treatment 
system. 

 

The integrated Soldevco platform is: 

• Functioning as designed 

• Delivering measurable performance 

• Demonstrating resilience under real conditions 

 

This project represents a benchmark implementation of integrated water treatment for urban 
irrigation systems. This is no longer a dam system — it is a living treatment ecosystem. 
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