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FLOW RECONCILIATION NOTE 
1. PURPOSE 

This Flow Reconciliation Note has been prepared to explain the relationship between 
earlier wastewater flow assumptions developed for the Beachlands South live‑zoned 
land area and the staged wastewater treatment capacities adopted in the current 
wastewater concept design. The purpose of this note is to provide clarity for review and 
does not represent detailed hydraulic sizing or final ultimate capacity design. 

2. EARLIER LIVE‑ZONED FLOW ASSUMPTIONS 
Earlier wastewater assessments prepared in support of rezoning and live‑zoning of the 
Beachlands South land area assumed an overall development yield of approximately 
2,900 household equivalent units (HEUs). On this basis, wastewater flows of up to 
approximately 1,500 m³/day were identified for a fully developed scenario. 

These earlier flow estimates reflected an ultimate development basis and were not 
linked to staged infrastructure delivery, interim disposal constraints, or measured 
wastewater generation. 

3. CURRENT STAGED FLOW BASIS 
The current wastewater concept design adopts a staged communal servicing approach 
aligned with incremental development delivery. Wastewater treatment capacity has 
therefore been defined to service early and intermediate development stages, rather 
than the full ultimate development yield. 

The staged treatment capacities are as follows: 

 Stage 1 treatment capacity: 

450 kL/day (average dry weather flow), provided by a single Combined Works (CW) 
treatment train. 

This capacity is intended to service the initial development stage comprising 
approximately 750 dwellings, together with a school and a limited area of local 
commercial development. 

 Stage 2 treatment capacity: 

900 kL/day (average dry weather flow), achieved through installation of a second 
parallel CW treatment train as wastewater flows increase. 

The treatment system is designed to accommodate a hydraulic peaking factor of 2, 
with peak and wet‑weather flows managed through a combination of wastewater 
network storage, pump station storage, and inlet buffering at the treatment plant. 

4. RECONCILIATION OF FLOW ASSUMPTIONS 
The staged treatment capacities of 450 kL/day and 900 kL/day are not directly 
comparable to the earlier 1,500 m³/day live‑zoned flow estimate, as they represent 
different development horizons and servicing intents. 



The earlier flow estimate reflects a theoretical ultimate development scenario, whereas 
the current staged capacities are intentionally aligned with: 

 incremental development staging; 

 interim land‑based disposal constraints; 

 measured wastewater inflows; and 

 progressive delivery of treatment infrastructure. 

The staged treatment framework does not preclude the provision of additional 
treatment and discharge capacity in the future should development staging, disposal 
capacity, or receiving environment assessments require it. 

5. CONCLUSION 
The staged wastewater flow basis adopted for the Beachlands South development 
provides a clear and defensible framework for concept‑level assessment. It supports 
servicing of the initial and intermediate stages of development while maintaining 
flexibility for future expansion. The relationship between the earlier live‑zoned flow 
assumptions and the current staged treatment capacities is therefore considered logical 
and consistent with a staged communal wastewater servicing strategy. 
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1. EXECUTIVE SUMMARY 

 

This report presents a staged wastewater servicing strategy for the Beachlands 

South development, designed to support both immediate infrastructure requirements 

and long-term growth through a single, integrated and scalable solution. 

 

The proposed approach is based on a modular onsite wastewater treatment system 

utilising Combined Works (CW) technology. This enables progressive expansion of 

treatment capacity while maintaining consistent treatment performance, operational 

stability, and alignment with regulatory requirements across all stages of 

development. 

 

Interim Wastewater Solution (Phase 1) 

An initial treatment plant with a capacity of 450 m³/day is proposed to service early 

stages of the development, including residential dwellings and a school. Wastewater 

flows have been assessed in accordance with Auckland Council design criteria, 

providing a conservative and compliant basis for reporting. 

 

The interim solution is supported by upstream network infrastructure comprising 

three pump stations, each designed with 24-hour storage capacity. This approach 

provides effective hydraulic buffering, enabling the treatment plant to operate under 

controlled and stable flow conditions. 

 

In addition, a 100,000-litre emergency storage tank is incorporated within the 

treatment process, located between the inlet works and the mixing chamber. This 

provides operational resilience during abnormal events and enhances overall system 

robustness. 

 

Treated effluent from the interim plant will be discharged to land via controlled 

irrigation systems within the forest area and the 620 site. This discharge pathway has 

been selected as the preferred interim solution due to: 

 Reduced ecological risk relative to direct stream discharge  

 Alignment with anticipated consenting requirements  

 Ability to demonstrate environmental performance through monitoring  
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The detailed design and assessment of the land disposal system will be undertaken 

separately by GWE, with findings to support the discharge consent application. 

 

Staged Development and System Expansion (Phase 2) 

As development progresses, the wastewater system will be expanded in a staged 

and controlled manner. The treatment plant will be augmented through the addition of 

further CW modules, increasing overall capacity while maintaining consistent 

treatment performance. 

 

The upstream network will expand to include a total of six pump stations, each 

incorporating 24-hour storage capacity, ensuring continued hydraulic buffering and 

operational stability under increased loading conditions. 

 

The design and configuration of the pump stations and associated network 

infrastructure will be undertaken by Harrison Grierson, with integration into the 

overall system architecture. 

 

Ultimate Wastewater Solution 

At full build-out, the wastewater treatment system will accommodate the ultimate 

development demand. The long-term discharge strategy transitions from land-based 

disposal to a marine outfall system, providing a permanent and sustainable discharge 

solution. 

 

Under this final configuration: 

 The expanded CW treatment plant will continue to provide high-quality 

effluent  

 Land-based discharge will be progressively reduced and ultimately replaced  

 Treated effluent will be conveyed via a marine outfall to the receiving 

environment  

 

Integrated Infrastructure Strategy 

A key strength of the proposed approach is the continuity between interim and 

ultimate solutions. The treatment plant is not a temporary installation, but rather the 

initial stage of a fully integrated long-term system. 
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This methodology enables: 

 No stranded or redundant infrastructure  

 No change in treatment technology or process philosophy  

 Efficient capital deployment aligned with development staging  

 Operational resilience through integrated storage and buffering systems  

 

The combination of upstream pump station storage and on-site emergency storage 

allows the treatment plant to operate at a controlled hydraulic loading regime, 

supporting both performance and compliance. 

 

Conclusion 

The proposed staged wastewater servicing strategy provides a practical, robust, and 

environmentally responsible solution for the Beachlands South development. 

 

By integrating treatment, storage, and discharge infrastructure into a single 

integrated framework, the approach supports immediate development needs while 

establishing a clear and defensible pathway to the ultimate long-term solution. 

 

 

2. BACKGROUND AND NEED FOR WASTEWATER 

SERVICING 

 

2.1 Development Overview 

The Beachlands South development is a large-scale, masterplanned urban 

expansion located within Future Urban Zoned (FUZ) land at Beachlands, Auckland. 

 

The development comprises a mix of residential, educational, and supporting 

commercial land uses, with an ultimate yield of approximately 2,100 dwellings, 

together with a primary and secondary school and associated community 

infrastructure. 

 

Stage 1 of the development is currently underway, with earthworks commenced and 

infrastructure planning progressing in parallel with the fast-track consenting process. 
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Given the scale and staged nature of the development, a wastewater servicing 

strategy is required that can support both immediate servicing needs and long-term 

system expansion. 

 

The overall site layout and development staging are illustrated in Appendix A.  

 

2.2 Need for a Staged Wastewater Solution 

At present, there is no confirmed available capacity within the existing Watercare 

wastewater network and treatment infrastructure to service the initial stages of the  

 

Beachlands South development within the required programme timeframes. 

While long-term regional infrastructure upgrades are being considered, these are 

subject to: 

 Funding allocation  

 Design development  

 Consenting and procurement processes  

 Programme uncertainties  

 

Reliance on external infrastructure therefore introduces a level of uncertainty that is 

not compatible with the current development programme. 

 

Accordingly, an onsite interim wastewater servicing solution is required to enable 

development to proceed in a timely and controlled manner, while maintaining 

flexibility for future integration with long-term infrastructure. 

 

2.3 Project Objectives 

The key objectives of the wastewater servicing strategy are to: 

 Enable immediate development progression without reliance on external 

infrastructure availability  

 Provide a compliant and environmentally responsible discharge solution for 

early stages of development  

 Ensure alignment with Auckland Council design criteria and consenting 

requirements  

 Establish a clear and defensible pathway from interim servicing to the ultimate 

long-term solution  
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 Avoid the creation of temporary or redundant infrastructure  

 Provide a system that is robust under variable loading conditions  

 

2.4 Integrated Staging Approach 

The wastewater servicing strategy has been developed as a single integrated 

system, incorporating both interim and ultimate servicing requirements within a 

unified framework. The modular expansion strategy is illustrated in Appendix B. 

 

Rather than implementing a temporary solution requiring future replacement, the 

approach adopts a staged infrastructure model, whereby: 

 The initial treatment plant forms the first stage of the ultimate system  

 Treatment capacity is increased progressively through modular expansion  

 The discharge strategy transitions from land-based disposal during early 

stages to a permanent marine outfall solution at full build-out  

 

This approach ensures continuity in system design, operation, and performance 

across all stages of development. 

 

2.5 Interim Wastewater Servicing Strategy 

The interim servicing strategy is based on the implementation of an onsite 

wastewater treatment plant with a design capacity of 450 m³/day, servicing the initial 

development stages, including residential dwellings and a school. 

 

Wastewater flows are derived using Auckland Council design criteria, providing a 

conservative and appropriate basis for both design and consent assessment. 

 

Treated effluent will be discharged to land via irrigation systems located within the 

forest area and the 620 site. 

 

This discharge approach has been selected as the preferred interim solution, as it: 

 Minimises potential adverse effects on receiving water bodies  

 Provides a practical and achievable pathway for consent approval  

 Enables monitoring and adaptive management of environmental performance  

 



 

Date: 20 July 2026 
Revision: 00 
Prepared: M Raath 
  

 

This document and the information contained herein is the property of Raath and Associates and shall not be copied, either in whole or in part, or 
altered, transmitted, or used for any purpose whatsoever, without the prior written permission of Raath and Associates. 

RAA25053 Beachlands South 3 off 450Kld Technical 
Description of Works Rev2 July_20 

CONFIDENTIAL Page 9 of 50 

 

The detailed design and assessment of the land discharge system will be undertaken 

by GWE, with supporting documentation forming part of the consent application. 

 

2.6 Ultimate Wastewater Servicing Strategy 

As development progresses, the wastewater system will be expanded to 

accommodate increasing flows through the addition of further treatment modules. 

 

At full development, the discharge strategy will transition from land-based disposal to 

a marine outfall system, providing a permanent and sustainable solution for treated 

effluent disposal. 

 

Under this ultimate configuration: 

 The treatment system will operate at full capacity in line with development 

demand  

 Land-based discharge will be progressively reduced and decommissioned  

 Treated effluent will be conveyed to the coastal receiving environment 

 

2.7 Supporting Technical Inputs 

The wastewater servicing strategy is supported by a number of parallel technical 

workstreams, including: 

 Land discharge assessment and design (GWE)  

 Pump station and network design (Harrison Grierson)  

 Ecological and receiving environment assessments  

 Geotechnical investigations  

 

These inputs will be incorporated into the overall consenting framework to ensure a 

coordinated and comprehensive assessment. 

 

2.8 Summary 

The Beachlands South development requires a wastewater servicing solution that is 

both immediately implementable and capable of supporting long-term growth. 

 

The proposed approach provides a practical and scalable framework, enabling 

development to proceed while establishing a clear transition to the ultimate discharge 

strategy. 
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 progressive utility revenue generation.  

 

The modular treatment philosophy therefore enables infrastructure capacity to be 

deployed incrementally in direct correlation with development uptake, ensuring that 

treatment infrastructure remains appropriately loaded and financially optimised 

throughout the development lifecycle. 

 

3.2 Design Population and Development Staging 

The Beachlands South development comprises an ultimate yield of approximately: 

 2,100 residential dwellings  

 A primary and secondary school  

 Associated commercial and community facilities  

 

The wastewater servicing strategy is based on staged development, with the initial 

phase (Phase 1) representing a portion of the ultimate development. 

 

For the purposes of this report, the interim wastewater treatment plant has been sized 

to accommodate: 

 Residential development within early stages  

 School wastewater flows  

 Allowance for variability and operational contingency  

 

3.3 Residential Wastewater Generation 

Residential wastewater flows have been estimated using Auckland Council standard 

design criteria, based on: 

 Population per dwelling: 3 persons/dwelling  

 Wastewater generation rate: 180 L/person/day  

 

This results in a typical residential wastewater generation rate of: 

540 L/dwelling/day. 

 

This value has been adopted for reporting purposes to ensure alignment with Council 

expectations and to provide a conservative design basis. 
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3.4 School Wastewater Contribution 

Wastewater flows associated with the school have been incorporated as a fixed 

allowance of: 

30 m³/day 

 

This value represents a conservative estimate of combined student and staff 

contributions and is considered appropriate for the purposes of interim plant sizing and 

consent assessment. 

 

The staged infrastructure deployment strategy has been specifically developed to align 

with the financial modelling framework presented in this proposal. Each modular 

expansion phase corresponds directly to a defined increase in installed treatment 

capacity and associated capital investment, allowing infrastructure expenditure to 

closely track subdivision growth and revenue generation. 

 

This direct alignment between treatment capacity expansion and financial staging 

ensures that: 

 capital deployment is optimised over time;  

 peak debt exposure is minimised;  

 infrastructure utilisation remains efficient during early-stage development; and  

 utility revenue generation can progressively support ongoing infrastructure 

expansion.  

 

Accordingly, the CW modular treatment configuration forms an integral part of the 

overall financial and commercial strategy, rather than functioning as an isolated 

engineering solution. 

 

3.5 Average Daily Flow (ADF) 

The interim wastewater treatment plant has been designed for an Average Daily Flow 

(ADF) of: 450 m³/day 

 

This capacity includes: 

 Residential wastewater contributions  

 School flows  

 Allowance for variability and system balancing  



 

Date: 20 July 2026 
Revision: 00 
Prepared: M Raath 
  

 

This document and the information contained herein is the property of Raath and Associates and shall not be copied, either in whole or in part, or 
altered, transmitted, or used for any purpose whatsoever, without the prior written permission of Raath and Associates. 

RAA25053 Beachlands South 3 off 450Kld Technical 
Description of Works Rev2 July_20 

CONFIDENTIAL Page 13 of 50 

 

 

The selected ADF provides sufficient capacity to service the initial stages of 

development while maintaining operational flexibility. 

 

3.6 Peaking Factor and Hydraulic Loading 

A peaking factor of 2 has been adopted for the wastewater treatment plant and 

discharge consent assessment. 

 

This approach reflects a controlled hydraulic loading regime enabled by the upstream 

network configuration, specifically: 

 Pump stations designed with 24-hour storage capacity  

 Operational buffering of inflows prior to treatment  

 Reduction of short-term hydraulic surges  

 

It is noted that the upstream gravity network and pump stations will be designed in 

accordance with Watercare standards, including higher peaking factors for network 

design purposes. However, the treatment plant is not directly exposed to these peak 

flows due to the buffering effect of the system. 

 

This approach provides: 

 Improved treatment stability  

 Reduced risk of hydraulic overloading  

 More consistent effluent quality  

 

3.7 Hydraulic Buffering and Storage 

The wastewater system incorporates multiple levels of storage to manage flow 

variability and ensure stable plant operation: 

Upstream Storage: 

 Three pump stations (Phase 1)  

 Each providing 24-hour storage capacity  

 

On-site Storage: 

 100,000-litre emergency storage tank  

 Located between inlet works and the mixing chamber  
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These storage components function collectively to: 

 Equalise inflows to the treatment plant  

 Provide contingency during peak events or operational disruptions  

 Maintain controlled hydraulic loading conditions  

 

3.8 Ultimate Flow Considerations 

At full development, the wastewater system will be expanded to accommodate flows 

associated with the ultimate development yield. 

 

While detailed ultimate flow calculations will be refined as part of future design stages, 

the long-term system is expected to operate at a significantly higher capacity, 

consistent with: 

 Full residential build-out  

 School and commercial contributions  

 Progressive system expansion  

 

The modular nature of the proposed treatment system allows for incremental increases 

in capacity without fundamental changes to the treatment process or system 

configuration. 

 

3.9 Summary 

The wastewater flow assessment confirms that an interim treatment capacity of 450 

m³/day provides an appropriate and conservative basis for servicing the initial stages 

of the Beachlands South development. 

 

The adoption of Auckland Council design criteria, combined with system buffering 

through pump station and on-site storage, ensures that the treatment plant will operate 

under controlled and stable hydraulic conditions. 

 

This approach supports both treatment performance and consent compliance, while 

providing a clear pathway for future system expansion. 

 

 

 

 





 

Date: 20 July 2026 
Revision: 00 
Prepared: M Raath 
  

 

This document and the information contained herein is the property of Raath and Associates and shall not be copied, either in whole or in part, or 
altered, transmitted, or used for any purpose whatsoever, without the prior written permission of Raath and Associates. 

RAA25053 Beachlands South 3 off 450Kld Technical 
Description of Works Rev2 July_20 

CONFIDENTIAL Page 16 of 50 

 

This ensures stable treatment performance across a range of influent loading 

conditions. 

 

 

4. WASTEWATER TREATMENT SYSTEM (COMBINED 

WORKS TECHNOLOGY) 

 

4.1 General Description of the CW Process 

 

The Combined Works (CW) process is an integrated biological wastewater treatment 

system that consolidates all major treatment functions within a single enclosed 

structure. Unlike conventional treatment trains that rely on multiple separate tanks 

and external recirculation systems, CW combines suspended-growth and attached-

growth biological processes into one coordinated unit. 

 

The system is designed to achieve secondary and tertiary treatment outcomes 

simultaneously, including: 

 Removal of organic matter (BOD); 

 Reduction of suspended solids (TSS); 

 Nitrification and denitrification for nitrogen removal; 

 Phosphorus reduction; 

 Sludge stabilisation. 

 

A defining feature of the CW process is its ability to achieve tertiary-level effluent 

quality without reliance on membrane filtration or continuous chemical dosing. 
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This is achieved through controlled biological processes and internal hydraulic 

integration rather than add-on treatment stages. 

 

The CW configuration is modular and fully enclosed, allowing treatment capacity to 

be increased incrementally as development proceeds. The enclosed design also 

limits odour generation, reduces visual effects, and improves operational resilience in 

sensitive environments. 

 

4.2 Detailed Process Description 

The CW process integrates a sequence of treatment zones that operate hydraulically 

and biologically as a single system. Each zone contributes to overall treatment 

performance while maintaining internal stability and low energy demand. 

 

(1) Inlet Screening 

Incoming wastewater first passes through a fine mechanical screen (6 mm), which 

removes rags, plastics, and coarse solids. Screenings are automatically washed, 

compacted, and collected in sealed containers for off-site disposal. 

 

This stage protects downstream biological processes and mechanical equipment 

while minimising maintenance requirements. Odour control can be provided at the 

inlet works through enclosure and ventilation where required. 

 

(2) Aeration and Contact Zone – Carbon Oxidation and Nitrification 

Screened wastewater flows into the aeration zone, where oxygen is supplied through 

fine-bubble diffusion. In this zone: 

 Carbonaceous organic matter is biologically oxidised; 

 Ammonium nitrogen is converted to nitrate via nitrification; 

 Mixed liquor suspended solids are maintained at stable concentrations. 

 

The aeration system is designed to operate at lower energy input than conventional 

extended aeration systems due to internal recirculation and efficient oxygen transfer.  

No surface aerators or high-pressure compressors are required. 
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(3) Integrated Clarification 

Following aeration, mixed liquor passes into an integrated lamella clarification zone. 

Inclined settling surfaces provide effective solids separation within a compact 

footprint. 

 

Settled biomass is returned by gravity to the aeration zone, maintaining internal 

solids balance without external sludge return pumps. This integration improves 

process stability and reduces mechanical complexity. 

 

(4) Fixed-Film Biofilter Zone – Nitrogen Transformation 

 

Figure 4.1: Cross-section of CW Reactor (Aeration, Lamella, Biofilter, Stabilisation Zones) 

Clarified effluent flows upward through a fixed-film biofilter containing structured 

media with a high specific surface area. Biofilms attached to the media provide: 

 Aerobic zones for continued nitrification; 

 Anoxic microzones for biological denitrification. 

 

This configuration allows simultaneous nitrification and denitrification to occur within 

the same reactor volume, using residual organic carbon as the electron donor. The 

process is self-regulating and does not require chemical carbon addition under 

normal operating conditions. 
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(5) Dedicated Denitrification Reactor (Where Required) 

 

Figure 4.2: Dedicated Denitrification Reactor – Process Schematic and Flow Path 

 

Where enhanced nitrogen removal is required, a dedicated anoxic denitrification 

reactor is incorporated downstream of the biofilter zone. This reactor: 

 Maintains low dissolved oxygen conditions; 

 Promotes complete conversion of nitrate and nitrite to nitrogen gas; 

 Operates using residual organic carbon from upstream processes. 

 

This configuration enables Total Nitrogen concentrations of ≤ 5 mg/L to be 

consistently achieved without chemical dosing. 

(6) Phosphorus Removal Reactor – Biological and Adsorptive Mechanisms 

The CW system includes a phosphorus reactor downstream of the main treatment 

process. This zone contains granular inert media where phosphorus is removed via: 

 

 Biological uptake by polyphosphate-accumulating organisms (PAOs). 

 Adsorption and precipitation with ferric and calcium ions naturally present. 

 Total phosphorus levels of 2–3 mg/L are achieved without external 

chemical dosing. 
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5. DISCHARGE STRATEGY (INTERIM AND ULTIMATE) 

5.1 Overview 

The wastewater discharge strategy for the Beachlands South development has been 

developed as a staged approach, aligned with the overall infrastructure programme 

and environmental considerations. 

 

The strategy provides: 

 An interim land-based discharge solution to support early stages of 

development  

 A transition to a permanent marine outfall discharge at full build-out  

 

This approach enables development to proceed while ensuring that discharge effects 

are appropriately managed at each stage. 

 

5.2 Interim Discharge Strategy (Land-Based Disposal) 

5.2.1 Approach 

For the initial phase of development, treated effluent from the wastewater treatment 

plant will be discharged to land via controlled irrigation systems. 

 

The primary discharge areas identified include: 

 Forest areas within the development site  

 The 620 site, providing additional contingency and capacity  

 

This land-based discharge approach has been selected as the preferred interim 

solution, based on both environmental and consenting considerations. 

 

5.2.2 Rationale for Land Discharge 

Land-based disposal offers several advantages for the interim phase: 

 Reduced direct impact on surface water bodies, particularly streams and 

estuarine environments  

 Opportunity for soil-based attenuation of nutrients and contaminants  

 Greater alignment with regulatory preferences for early-stage developments  

 Ability to monitor and adapt discharge performance over time  
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Given the sensitivity of local receiving environments, particularly in relation to nutrient 

loading and ecological values, land discharge provides a conservative and appropriate 

pathway for the interim phase. 

 

5.2.3 Design and Assessment 

The detailed design and assessment of the land discharge system will be undertaken 

by GWE, including: 

 Soil and infiltration assessments  

 Irrigation system design and layout  

 Nutrient loading and application rate calculations  

 Assessment of potential environmental effects  

 

These assessments will form part of the discharge consent application and will ensure 

that land application is undertaken within sustainable limits. 

 

5.2.4 Monitoring and Adaptive Management 

The interim discharge strategy will be supported by a monitoring and adaptive 

management framework, including: 

 Baseline environmental monitoring  

 Ongoing monitoring of discharge volumes and quality  

 Periodic assessment of soil and receiving environment conditions  

 

This approach enables: 

 Verification of system performance  

 Early identification of any emerging issues  

 Adjustment of operational parameters where required  

 

5.3 Consideration of Surface Water Discharge 

Surface water (stream) discharge has been considered as part of the overall strategy; 

however, it is not proposed as the primary discharge pathway for the interim phase. 

 

This is due to: 

 Potential risks associated with nutrient enrichment of receiving water bodies  

 Sensitivity of local stream and estuarine environments  

 Increased complexity in demonstrating acceptable environmental effects  
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Further assessment of stream discharge capacity and effects is being undertaken as 

part of broader environmental investigations. Any future consideration of this option 

would be subject to detailed modelling and ecological assessment. 

 

5.4 Ultimate Discharge Strategy (Marine Outfall) 

5.4.1 Approach 

At full development, the discharge strategy transitions from land-based disposal to a 

marine outfall system, providing a permanent and sustainable solution for treated 

effluent. 

 

Under this approach: 

 Treated effluent will be conveyed via a dedicated pipeline to a coastal 

discharge location  

 Discharge will occur through a designed outfall system, incorporating 

appropriate hydraulic and environmental considerations  

 

5.4.2 Rationale for Marine Discharge 

The transition to marine discharge at full build-out is driven by: 

 Limitations of available land area for long-term disposal at full development 

scale  

 The need for a reliable and permanent discharge solution  

 Ability to achieve appropriate dilution and dispersion within the marine 

environment  

 Alignment with long-term infrastructure planning  

 

5.4.3 Integration with Treatment System 

The marine outfall strategy is fully compatible with the proposed CW treatment system. 

As treatment capacity is expanded through additional modules: 

 Effluent quality will remain consistent with design expectations  

 Discharge volumes will increase progressively  

 Land-based discharge will be reduced and ultimately decommissioned  

 

This ensures a smooth transition between interim and ultimate discharge 

configurations. 
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5.4.4 Future Design Development 

Detailed design of the marine outfall system will be undertaken as part of the 

subsequent design and consenting phase, and will include: 

 Hydraulic design of the pipeline and outfall structure  

 Assessment of tidal and coastal processes  

 Mixing and dispersion modelling  

 Evaluation of environmental effects on the receiving marine environment  

 

5.5 Transition Between Interim and Ultimate Discharge 

A key component of the proposed strategy is the managed transition between land-

based and marine discharge. 

 

This transition will occur progressively as: 

 Development staging increases wastewater flows  

 Treatment plant capacity is expanded  

 Marine discharge infrastructure is implemented  

 

During this transition: 

 Land discharge volumes will be gradually reduced  

 Monitoring data will inform operational adjustments  

 The system will continue to operate within consent conditions  

 

This staged transition ensures: 

 Continuity of service  

 Controlled environmental effects  

 Flexibility in responding to regulatory requirements  

 

5.6 Summary 

The proposed discharge strategy provides a balanced and staged approach, aligning 

with both environmental considerations and development requirements. 

 

The adoption of land-based discharge for the interim phase provides a low-risk and 

consent-aligned solution, while the transition to a marine outfall at full build-out ensures 

a sustainable long-term discharge pathway. 
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This integrated approach supports both immediate development needs and long-term 

environmental management objectives. 

 

 

6. INFRASTRUCTURE INTEGRATION AND HYDRAULIC 

CONTROL 

6.1 Overview 

The wastewater servicing strategy for Beachlands South has been developed as an 

integrated system, combining collection, storage, and treatment infrastructure to 

achieve controlled hydraulic loading and stable treatment performance. 

 

A key objective of the design is to ensure that the wastewater treatment plant operates 

under managed and predictable flow conditions, despite variability in upstream 

generation. 

 

This is achieved through a combination of: 

 Distributed storage within the pump station network  

 On-site emergency storage within the treatment facility  

 Controlled transfer of flows to the treatment process  

 

6.2 Integrated System Configuration 

The overall wastewater system comprises: 

 Gravity reticulation conveying flows to local pump stations  

 Pump stations with significant storage capacity  

 Rising mains conveying wastewater to a centralised treatment plant  

 An onsite CW treatment system with integrated process control  

 

The system is configured to decouple peak network flows from treatment plant inflows, 

allowing each component to be optimised for its specific function. 

 

6.3 Pump Station Storage and Flow Buffering 

Phase 1 (Interim) 

 Three pump stations  
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 Each designed with 24-hour storage capacity  

 

Phase 2 (Ultimate) 

 Expansion to six pump stations  

 Each maintaining 24-hour storage capacity  

 

The provision of 24-hour storage at each pump station serves several critical functions: 

 Attenuation of peak inflows from the gravity network  

 Equalisation of diurnal flow variations  

 Operational flexibility during maintenance or upset conditions  

 Reduced reliance on instantaneous pumping to match inflows  

 

Rather than transmitting peak flows directly to the treatment plant, the pump stations 

operate in a controlled discharge mode, releasing flows in a managed manner. 

 

6.4 On-Site Emergency Storage 

In addition to upstream storage, the treatment facility incorporates a: 

100,000-litre emergency storage tank 

 

located between the inlet works and the mixing chamber. 

 

This storage provides: 

 Short-term buffering of inflows during abnormal events  

 Protection of downstream biological processes from hydraulic shock loading  

 Operational contingency in the event of equipment or power interruptions  

 

The inclusion of this storage further enhances the overall resilience of the system. 

 

6.5 Hydraulic Control Philosophy 

The combined effect of upstream and on-site storage enables the implementation of a 

controlled hydraulic loading regime at the treatment plant. 

 

Under this approach: 

 Inflows to the treatment plant are regulated rather than instantaneous  

 Peak wet weather flows are attenuated within the network  
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 The treatment plant receives a more uniform and predictable flow profile  

 

This configuration allows the treatment system to operate under conditions that are 

more representative of average and moderated flows, rather than extreme short-

duration peaks. 

6.6 Peaking Factor Application 

A peaking factor of 2 has been adopted for: 

 Wastewater treatment plant design  

 Discharge consent assessment  

 

This reflects the moderated inflow conditions resulting from: 

 Pump station storage and controlled discharge  

 On-site emergency buffering  

 Operational management of flow transfer  

 

It is noted that: 

 The gravity network and pump stations will be designed in accordance with 

Watercare standards, including higher peaking factors  

 These peak flows are not directly transmitted to the treatment plant, due to the 

buffering effect of the system  

 

Accordingly, the adopted peaking factor for the treatment plant is considered 

appropriate and representative of actual operating conditions. 

 

6.7 Benefits of the Integrated Approach 

The integrated hydraulic design provides several key advantages: 

 Improved treatment performance through stable hydraulic loading  

 Reduced risk of process upset due to peak flow events  

 Optimised infrastructure sizing, avoiding unnecessary overdesign of treatment 

capacity  

 Enhanced operational flexibility and resilience  

 Alignment with staged development requirements  

 

This approach also supports more consistent effluent quality, which is critical for both 

land-based and marine discharge strategies. 
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6.8 Interface with Supporting Infrastructure Design 

The detailed design of the pump stations and associated network infrastructure will be 

undertaken by Harrison Grierson, including: 

 Pump sizing and configuration  

 Storage volume design  

 Control systems and operational philosophy  

 

These designs will be coordinated with the treatment plant to ensure full integration of 

hydraulic and process control systems. 

 

6.9 Summary 

The wastewater servicing system for Beachlands South has been designed as an 

integrated hydraulic and treatment system, with multiple levels of storage and control 

to manage flow variability. 

 

The combination of pump station storage, on-site emergency storage, and controlled 

inflow to the treatment plant enables operation under a moderated hydraulic regime, 

supporting both process stability and treatment performance. 

 

The adoption of a peaking factor of 2 for the treatment plant is consistent with this 

approach and reflects the actual operating conditions expected within the system. 

 

 

7. ENVIRONMENTAL CONSIDERATIONS AND 

MONITORING APPROACH 

7.1 Overview 

The wastewater servicing strategy for the Beachlands South development has been 

developed with careful consideration of the receiving environment, including land, 

surface water, and coastal systems. Independent technical review of the CW process 

is provided in Appendix C. 

 

The proposed staged discharge approach is supported by a framework of: 

 Conservative design assumptions  



 

Date: 20 July 2026 
Revision: 00 
Prepared: M Raath 
  

 

This document and the information contained herein is the property of Raath and Associates and shall not be copied, either in whole or in part, or 
altered, transmitted, or used for any purpose whatsoever, without the prior written permission of Raath and Associates. 

RAA25053 Beachlands South 3 off 450Kld Technical 
Description of Works Rev2 July_20 

CONFIDENTIAL Page 30 of 50 

 

 Selection of lower-risk interim discharge pathways  

 Ongoing environmental monitoring  

 Adaptive management  

 

This framework ensures that potential environmental effects are appropriately 

managed and progressively refined as the development proceeds. 

 

7.2 Receiving Environment Considerations 

The Beachlands South site and surrounding areas include: 

 Land-based environments suitable for controlled irrigation  

 Surface water systems, including streams and downstream estuarine 

environments  

 A coastal receiving environment associated with the proposed long-term 

marine discharge  

 

These environments are sensitive to: 

 Nutrient enrichment (nitrogen and phosphorus)  

 Organic loading  

 Microbial contamination  

 Changes in hydrological regimes  

 

Accordingly, the discharge strategy has been developed to minimise potential adverse 

effects, particularly during the early stages of development. 

 

7.3 Interim Environmental Management (Land Discharge) 

The interim land-based discharge approach provides a controlled and conservative 

pathway for managing treated effluent. 

 

Environmental benefits of this approach include: 

 Soil-based attenuation of nutrients and contaminants  

 Reduced direct discharge to surface water bodies  

 Opportunity for gradual assimilation of treated effluent within the receiving 

environment  

 

The performance of the land discharge system will depend on: 
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 Soil characteristics and infiltration capacity  

 Application rates and loading management  

 Seasonal and climatic variations  

These factors will be addressed through the detailed land disposal design being 

undertaken by GWE. 

 

7.4 Surface Water and Stream Considerations 

Direct discharge to surface water bodies has been considered but is not proposed as 

the primary discharge pathway for the interim phase. 

This reflects: 

 The sensitivity of local streams and downstream environments  

 The potential for cumulative nutrient effects  

 The need for a higher level of assessment and modelling to demonstrate 

acceptable effects  

 

Baseline water quality data and discharge modelling are being undertaken as part of 

the broader environmental assessment process. These investigations will inform any 

future consideration of surface water discharge options. 

 

7.5 Marine Environment Considerations (Ultimate Phase) 

The long-term discharge strategy involves a transition to a marine outfall system. 

 

The marine receiving environment offers: 

 Greater dilution and dispersion capacity  

 Reduced reliance on land availability for disposal  

 A sustainable pathway for long-term discharge  

 

However, marine discharge requires careful design and assessment, including: 

 Consideration of coastal processes and tidal conditions  

 Mixing and dispersion characteristics  

 Potential ecological effects  

 

These aspects will be addressed in detail during the future design and consenting 

phase for the marine outfall. 
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7.6 Effluent Quality and Environmental Protection 

The proposed CW treatment system is designed to produce high-quality treated 

effluent, with conservative performance targets adopted for the purposes of this 

application. 

 

Maintaining consistent effluent quality is critical to: 

 Protecting receiving environments  

 Supporting land-based discharge performance  

 Ensuring compatibility with future marine discharge  

 

The integration of hydraulic buffering and stable biological treatment processes 

supports the reliability of effluent quality over time. 

 

7.7 Monitoring Framework 

A comprehensive monitoring programme will be implemented to support both consent 

compliance and environmental management. 

 

The monitoring framework will include: 

Baseline Monitoring 

 Existing surface water quality  

 Soil and groundwater conditions (where applicable)  

 Background environmental parameters  

 

Operational Monitoring 

 Wastewater treatment plant performance  

 Effluent quality (BOD, TSS, nutrients, microbiological indicators)  

 Discharge volumes  

 

Receiving Environment Monitoring 

 Soil condition and nutrient accumulation  

 Surface water quality (where relevant)  

 Indicators of environmental response  

 

 

 



 

Date: 20 July 2026 
Revision: 00 
Prepared: M Raath 
  

 

This document and the information contained herein is the property of Raath and Associates and shall not be copied, either in whole or in part, or 
altered, transmitted, or used for any purpose whatsoever, without the prior written permission of Raath and Associates. 

RAA25053 Beachlands South 3 off 450Kld Technical 
Description of Works Rev2 July_20 

CONFIDENTIAL Page 33 of 50 

 

7.8 Adaptive Management Approach 

The wastewater servicing strategy adopts an adaptive management approach, 

allowing for refinement of system operation based on monitoring outcomes. 

 

This approach enables: 

 Adjustment of application rates for land discharge  

 Optimisation of treatment performance  

 Early identification and mitigation of potential environmental effects  

 

Adaptive management provides a practical mechanism for managing uncertainty and 

ensuring that environmental outcomes remain within acceptable limits. 

 

7.9 Integration with Supporting Assessments 

Environmental considerations are supported by a number of specialist inputs, 

including: 

 Land discharge assessment and design (GWE)  

 Ecological assessment and mitigation planning  

 Hydrological and water quality modelling  

 Geotechnical investigations  

 

These assessments will be integrated into the overall consent application to provide a 

comprehensive evaluation of environmental effects. 

 

7.10 Summary 

The environmental management approach for the Beachlands South wastewater 

system is based on a conservative, staged, and monitored strategy. 

 

The use of land-based discharge during the interim phase, combined with a structured 

monitoring and adaptive management framework, provides a low-risk pathway for 

managing environmental effects. 

 

The transition to a marine discharge at full build-out will be supported by detailed 

assessment and design, ensuring that long-term environmental outcomes are 

appropriately addressed. 
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8. OPERATIONAL MANAGEMENT, MONITORING AND 

ENVIRONMENTAL CONTROLS 

 

8.1 Overview 

The wastewater treatment and discharge system will be operated and maintained in 

accordance with established industry practices, with appropriate monitoring and 

management controls to ensure compliance with consent conditions and 

environmental performance requirements. 

 

Detailed operational procedures will be developed during the detailed design and 

commissioning phases and will form part of the final operational management plan. 

 

8.2 Operations and Maintenance 

The CW treatment system is designed to operate as a robust biological process with 

relatively low operational complexity. 

 

Routine operational activities will include: 

 Inspection of inlet works and screening equipment  

 Monitoring of process performance and flows  

 Periodic sludge removal and management  

 Inspection of pumps, valves, and mechanical equipment  

 General housekeeping and site maintenance  

 

Maintenance requirements are expected to be predictable and manageable, supported 

by standard mechanical and electrical systems. 

 

A detailed Operations and Maintenance (O&M) Plan will be prepared prior to 

commissioning. 

 

8.3 Monitoring Programme 

A monitoring programme will be implemented to verify system performance and ensure 

compliance with consent conditions. 
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Monitoring will include: 

Treatment Plant Monitoring 

 Influent and effluent quality  

 Key parameters (BOD, TSS, nutrients, microbiological indicators)  

 Flow volumes  

 

Discharge Monitoring 

 Land application volumes and loading rates  

 Soil and environmental indicators (as required)  

 

Receiving Environment Monitoring 

 Surface water quality (where applicable)  

 Environmental response indicators  

 

Monitoring frequency and parameters will be defined as part of the consent conditions 

and supporting technical assessments. 

 

8.4 Odour Management 

The proposed wastewater treatment system is designed as a fully enclosed biological 

process, which inherently limits the generation and release of odours compared to 

conventional open treatment systems. 

 

Odour generation is primarily associated with the inlet works and preliminary treatment 

stages. The design philosophy for odour control is therefore focused on these areas. 

 

Inlet Works Design Approach 

The inlet works will comprise integrated screening and grit removal systems, with: 

 Fine screening (6 mm) for removal of gross solids  

 Silt and grit separation within a contained chamber  

 Collection of screenings and grit in sealed skip bins  

 

Screenings and grit will be removed regularly by licensed contractors, minimising 

retention time and associated odour potential. 
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Primary Odour Control Measures 

The following measures are incorporated as standard: 

 Enclosed inlet works and process areas  

 Rapid removal of screenings and grit  

 Maintenance of aerobic conditions within downstream treatment processes  

 Good operational and housekeeping practices  

 

Enhanced Odour Control (If Required) 

Where required to meet site-specific or consent conditions, additional odour control 

systems can be implemented, including: 

 

Option 1 – Ozone-Based Odour Control (Preferred) 

 Ozone dosing at the inlet works to oxidise odorous compounds  

 Reduction of hydrogen sulphide (H₂S) and volatile organic compounds (VOCs)  

 Improved air quality within the inlet works and surrounding area  

 

Option 2 – Mechanical Ventilation and Negative Pressure System 

 Enclosure of inlet works within a ventilated structure  

 Extraction of air under negative pressure  

 Treatment via carbon filters or biofilters prior to discharge  

 

The selection of odour control approach will be confirmed during detailed design in 

consultation with Council and based on proximity to sensitive receptors. 

 

Conclusion 

Due to the enclosed nature of the CW system, short solids retention times at the inlet 

works, and the availability of targeted odour control measures, odour effects are 

expected to be minor, localised, and manageable within standard operational controls. 

 

8.5 Sludge Management 

Sludge generated within the treatment process will be: 

 Stored in dedicated sludge storage facilities  

 Removed periodically by approved contractors  

 Transported and disposed of at appropriately consented facilities  
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The extended biological treatment process reduces sludge production and stabilises 

sludge characteristics prior to removal. 

 

8.6 Contingency and Emergency Management 

The wastewater system incorporates multiple layers of resilience, including: 

 24-hour storage at pump stations  

 100,000 L emergency storage at the treatment plant  

 

These provisions enable the system to manage: 

 Short-term power outages  

 Equipment failures  

 Peak flow events  

 

In the event of abnormal operation: 

 Flows can be temporarily retained within the system  

 Operational responses can be implemented before discharge is affected  

 

A detailed Emergency Response Plan will be developed as part of the operational 

documentation. 

 

8.7 Adaptive Management 

The system will be operated under an adaptive management framework, allowing 

adjustments to be made based on monitoring results and operational experience. 

 

This includes: 

 Adjustment of land application rates  

 Optimisation of treatment performance  

 Response to seasonal or environmental changes  

 

8.8 Summary 

The proposed wastewater system incorporates appropriate operational controls, 

monitoring, and contingency measures to ensure reliable performance and compliance 

with consent requirements. 
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Detailed operational documentation will be developed during the detailed design phase 

and will form part of the final commissioning and handover process. 

 

 

9. COMBINED WORKS TECHNOLOGY – EXPERIENCE AND 

PROVEN TRACK RECORD 

 
9.1 Proven Application of Combined Works Technology 

The Combined Works (CW) wastewater treatment process has been applied 

internationally across a wide range of scales and operating environments and has 

been independently reviewed and verified. A list of operational CW plants is provided 

in Appendix E. 

 

CW technology has been implemented in both municipal and private-sector 

applications, including: 

 Small decentralised treatment systems  

 Medium-scale developments  

 Large municipal wastewater treatment facilities  

 

International installations have demonstrated: 

 Stable biological performance under variable hydraulic and organic loading  

 Consistent achievement of secondary and tertiary effluent quality  

 Reduced energy demand relative to conventional activated sludge systems  

 Lower sludge production due to integrated biological stabilisation  

 

CW systems have been successfully deployed across a range of regions, including 

Eastern Europe, Central Asia, and Southern Africa, with plant capacities ranging from 

less than 50 m³/day to facilities exceeding 20,000 m³/day. 

 

This operating history provides confidence that the underlying process is: 

 Technically robust  

 Scalable across a wide capacity range  

 Adaptable to different regulatory and environmental conditions  
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This experience forms the technical foundation for the application of CW technology 

to the Beachlands South development. 

 

9.2 Application within New Zealand 

Raath & Associates Ltd is responsible for the application and implementation of 

Combined Works technology within New Zealand. 

 

The role of Raath & Associates includes: 

 Process selection and treatment system configuration  

 Integration of hydraulic, mechanical, and biological design components  

 Adaptation of CW technology to New Zealand regulatory requirements  

 Preparation of consent documentation and technical reports  

 Support during commissioning and performance verification  

 Development of monitoring and operational frameworks  

 

At the time of this report, CW technology is being applied across multiple projects 

within New Zealand at varying stages of development, including: 

 Concept and feasibility design  

 Detailed design and consenting  

 Construction and implementation planning  

 

The current number of fully operational CW plants in New Zealand remains limited.  

 

This reflects the emerging adoption of decentralised and modular wastewater 

treatment systems, rather than any limitation in the underlying technology. 

 

The approach adopted has been to apply a proven international treatment process 

within a conservative New Zealand regulatory framework, supported by: 

 Staged implementation  

 Conservative design assumptions  

 Monitoring and adaptive management  

 

Where required, independent technical input has been obtained to confirm that the 

CW process is compatible with local wastewater characteristics and regulatory 

expectations. 
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9.3 Summary 

The Combined Works treatment process is supported by a substantial international 

operating history and has demonstrated consistent performance across a range of 

applications and environmental conditions. 

 

Raath & Associates provides the technical interface between this established 

international technology and its application within New Zealand, ensuring that system 

design and operation align with: 

 Local regulatory requirements  

 Environmental protection objectives  

 Operational reliability expectations  

 

For the Beachlands South development, the CW system has been applied 

conservatively, with appropriate allowances for staged implementation, 

environmental sensitivity, and performance monitoring. 

 

This combination of proven international performance and locally adapted design 

provides a sound and defensible basis for the proposed wastewater treatment 

solution. 

 

9.4 Recommendation 

Based on the technical assessment presented in this report, it is recommended that: 

1. The staged wastewater servicing strategy be adopted, incorporating:  

o An initial 450 m³/day onsite treatment plant  

o Land-based discharge to the forest and 620 site during the interim 

phase  

2. The treatment system be implemented using Combined Works (CW) 

technology, due to its:  

o Suitability for staged development  

o Ability to operate under variable loading conditions  

o Consistent treatment performance  

3. The wastewater system be developed as a single integrated solution, 

allowing:  

o Progressive expansion of treatment capacity  

o Integration with upstream pump station storage  
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o Transition to the ultimate discharge configuration  

4. The discharge strategy proceed as a staged approach, comprising:  

o Interim land-based discharge supported by monitoring and adaptive 

management  

o Transition to a marine outfall discharge at full development  

5. Supporting technical workstreams, including: 

o Land discharge assessment (GWE)  

o Pump station and network design (Harrison Grierson)  

o Environmental and ecological assessments  

 

be incorporated into the consenting process to provide a comprehensive and 

coordinated framework. 

 

9.5 Conclusion 

The proposed wastewater servicing strategy provides a practical, integrated, and 

scalable solution for the Beachlands South development. 

 

The use of Combined Works technology, supported by staged infrastructure delivery 

and a structured discharge strategy, enables: 

 Immediate servicing of early development stages  

 Controlled management of environmental effects  

 A clear transition to a sustainable long-term solution  

 

The approach is considered technically sound, operationally robust, and appropriate 

for consent approval, subject to detailed design and supporting assessments. 
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APPENDIX A - SITE LAYOUT AND DEVELOPMENT 

PLAN  
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APPENDIX B - MODULAR EXPANSION PLAN 

 The site layout drawing illustrates the proposed arrangement of the wastewater 

treatment facility, including: 

 Modular CW treatment units  

 Phosphorus reactor  

 Sludge handling facility  

 Internal access roads and operational areas  

 

The configuration shown represents a staged build-out approach, aligned with 

development growth. 

 

Stage 1 (Initial Deployment) 

 Installation of initial CW modules to achieve 450 m³/day capacity  

 Commissioning of inlet works, screening, and sludge handling systems  

  

 Integration with upstream pump station buffering  

Stage 2 (Expansion) 

 Addition of further CW modules within the allocated footprint  

 Expansion to approximately 900 m³/day  

 Continued use of shared inlet works and support infrastructure  

 

Ultimate Configuration 

 Full utilisation of allocated treatment footprint  

 Integration with marine outfall system  

 Decommissioning or reduction of land discharge  

 

The modular layout ensures: 

 No stranded infrastructure  

 Efficient use of site footprint  

 Alignment with staged capital deployment strategy  

 

The drawing demonstrates that the treatment plant is not a temporary solution, but the  

first stage of a permanent and scalable infrastructure system. 
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APPENDIX C - INDEPENDENT TECHNOLOGY REVIEW 

 



 

 

To whom it may concern 

 

I am a process treatment design engineer with 39 years of relevant experience in water and 

wastewater treatment. My attached resume includes a list of relevant projects in which I 

have been the chief process design engineer. 

As an independent consultant I have been invited by CW Systems to investigate and 

comment on their Russian designed Combined Works (CW) process with regard to: 

1. Compatibility of their process with the processes currently in use in South Africa. 

2. Effectiveness of their process on the quality of wastewater effluent, compared to the 

requirements of the Water Act. 

3. Cost effectiveness of their process compared to processes commonly applied in 

South Africa. 

The findings of the investigation are summarized as follows: 

a. Their process is a unique combination and application of the well-known biological 

filter and nutrient removal activated sludge treatment systems, therefore will not be a 

foreign concept to local wastewater treatment operators. 

b. Aeration of the activated sludge is executed by means of an innovating system of 

vortexes in air stripping towers, which “sucks” air into the aerated sludge mixture. 

This, together with continuous sludge recycle, reduces the energy requirements 

normally associated with aeration by 2 to 3 times! This factor makes the CW process 

extremely competitive compared with most known wastewater treatment processes, 

especially with regard to operational costs. 

c. The CW process has been found to present effluent conforming to at least the 

General Standards set by the Water Act. Most of the requirements set by Special 

Standards can usually also be met without any adaption to the CW process. 

I therefore support the CW process completely and I am especially excited about its huge 

benefit of reduced energy requirements; thereby reducing operational costs! 

Yours faithfully, 

 

Dr CJP Laubscher Pr Eng  

 

 

 



CURRICULLUM VITAE OF  
DR CJP LAUBSCHER 

 
 
 
 
 
 
  

Dr Laubscher graduated in 1974 as a civil engineer at the University of 

Stellenbosch (BSc BEng) and immediately entered the field of consulting 

engineering. After gaining valuable experience over a period of 6 years in 

the planning of civil services for townships, the design of water and 

purification works and the structural design of water retaining structures, 

he was the founder member of a consulting engineering practice in 

Southern Africa in 1980. 

 

In 1980 he received a masters degree (MEng) in water utilization 

(University of Stellenbosch) and in March 1987 he received his doctoral 

degree (DEng) in water utilization at the University of Pretoria. 

 

He is a registered Professional Engineer with the South African 

Engineering Council. 

 

Dr Laubscher now specializes in process design for water and waste water 

treatment systems. He has gained valuable experience in the treatment of 

eutrophic water through the design of the Parys and Vredefort Water 

treatment plants; both treating water from the Vaal River. Also the design 

of the Ozone Process plant for Sable Hills Waterfront Estate, treating 

eutrophic water from the Roodeplaat Dam. 

 

With regard to waste water treatment, his major interest lies with the 

design of nutrient removal activated sludge plant and the disposal of waste 

sludges. 

 

He is a Fellow member of the Water Institute of South Africa.  
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APPENDIX D - VERIFIED EFFLUENT RESULTS 

 



Translated Wastewater Laboratory Reports – 2024 

Protocol of Wastewater Analysis No. 1 
Date of Report: May 25, 2024 

Sampling Location: Discharge No. 3 – Treatment Facilities Site 

Sampling Date & Time: May 15, 2024, 09:00 

Purpose: Monitoring the quality of discharged water 

Sample Type: Single (grab sample) 

Sampling Method: Manual 

Instrument Calibration: Verified and certified 

Regulatory Reference: GOST R 59024-2020 

Results: 

Parameter Unit Inlet Outlet MAC Method Ref. 
Ammonium 
Ion 

mg/dm³ 61.2 1.42 0.5 PND F 14.1:2:3.1-95 

Nitrites mg/dm³ 0.29 0.32 0.08 GOST 33045-2014 
Nitrates mg/dm³ 8.17 5.3 40 PND F 14.1:2:4.4-95 
Chlorides mg/dm³ 83.3 72.7 30 PND F 14.1:2:3.96-

97 
Sulfates mg/dm³ 187.7 134.9 100 PND F 14.1:2.159-

2000 
Total 
Phosphorus 

mg/dm³ 8.91 0.95 - PND F 14.1:2:4.112-
97 

Iron (total) mg/dm³ 2.77 0.38 0.1 PND F 14.1:2:4.50-
96 

BOD₅ mgO/dm³ 152.6 0.79 2.1 PND F 
14.1:2:3:4.123-97 

Total 
Dissolved 
Solids 

mg/dm³ 924 780 1000 PND F 14.1:2:4.114-
97 

Anionic 
Surfactants 

mg/dm³ 2.54 0.17 0.5 PND F 14:2:4.15-95 

Suspended 
Solids 

mg/dm³ 284 6.0 1.75 PND F 14.1:2:3.110-
97 

Copper mg/dm³ <0.001 0.006 0.001 PND F 



(total) 14.1:2:3:4.48-2022 
Zinc mg/dm³ <0.005 0.03 0.01 PND F 14.1:2:4.60-

96 
Nickel (total) mg/dm³ <0.005 0.01 0.01 PND F 14.1:2.46-96 
Chromium 
(total) 

mg/dm³ <0.01 0.01 0.02 PND F 14.1:2:4.52-
96 

Oil Products mg/dm³ <0.04 <0.04 0.05 FR.1.31.2011.11313 

 
  



Protocol of Wastewater Analysis No. 3 
Date of Report: June 28, 2024 

Sampling Location: Discharge No. 3 – Treatment Facilities Site 

Sampling Date & Time: June 20, 2024, 09:30 

Purpose: Monitoring the quality of discharged water 

Sample Type: Single (grab sample) 

Sampling Method: Manual 

Instrument Calibration: Verified and certified 

Regulatory Reference: GOST R 59024-2020 

Results: 

Parameter Unit Inlet Outlet MAC Method Ref. 
Ammonium 
Ion 

mg/dm³ 56.4 4.11 0.5 PND F 14.1:2:3.1-95 

Nitrites mg/dm³ 1.32 1.44 0.08 GOST 33045-2014 
Nitrates mg/dm³ 103.6 9.9 40 PND F 14.1:2:4.4-95 
Chlorides mg/dm³ 88.9 85.1 300 PND F 14.1:2:3.96-

97 
Sulfates mg/dm³ 182.1 117.4 100 PND F 14.1:2.159-

2000 
Total 
Phosphorus & 
Phosphates 

mg/dm³ 4.0 2.89 - GOST 18309-2014 

Iron (total) mg/dm³ 0.48 0.39 0.1 PND F 
14.1:2:3:4.50-2023 

BOD₅ mg/dm³ 3.04 0.7 2.1 PND F 
14.1:2:3:4.123-97 

Dry Residue mg/dm³ 914.0 574.0 1000 PND F 14.1:2:4.114-
97 

Anionic 
Surfactants 

mg/dm³ 1.97 0.08 0.5 PND F 14:2:4.15-95 

Suspended 
Solids 

mg/dm³ 110.0 4.0 1.75 PND F 14.1:2:3.110-
97 

Copper 
(total) 

mg/dm³ 0.006 0.004 0.001 PND F 
14.1:2:3:4.48-2022 

Zinc mg/dm³ 0.1 0.09 0.01 PND F 14.1:2:4.60-
96 



Nickel (total) mg/dm³ 0.023 0.011 0.01 PND F 14.1:2.46-96 
Chromium 
(total) 

mg/dm³ 0.02 <0.01 0.02 PND F 14.1:2:4.52-
96 

Oil Products mg/dm³ <0.04 <0.04 0.05 FR.1.31.2011.11313 
  



Protocol of Wastewater Analysis No. 4 
Date of Report: July 22, 2024 

Sampling Location: Discharge No. 3 – Treatment Facilities Site 

Sampling Date & Time: July 12, 2024, 09:30 

Purpose: Monitoring the quality of discharged water 

Sample Type: Single (grab sample) 

Sampling Method: Manual 

Instrument Calibration: Verified and certified 

Regulatory Reference: GOST R 59024-2020 

Results: 

Parameter Unit Inlet Outlet MAC Method Ref. 
Ammonium 
Ion 

mg/dm³ 35.6 4.1 0.5 PND F 14.1:2:3.1-95 

Nitrites mg/dm³ 0.61 1.16 0.08 GOST 33045-2014 
Nitrates mg/dm³ 48.7 6.45 40 PND F 14.1:2:4.4-95 
Chlorides mg/dm³ 65.6 76.2 300 PND F 14.1:2:3.96-

97 
Sulfates mg/dm³ 125.3 112.9 100 PND F 14.1:2.159-

2000 
Total 
Phosphorus & 
Phosphates 

mg/dm³ 2.73 2.29 - GOST 18309-2014 

Iron (total) mg/dm³ 1.2 0.6 0.1 PND F 
14.1:2:3:4.50-2023 

BOD₅ mg/dm³ 170.0 1.75 2.1 PND F 
14.1:2:3:4.123-97 

Dry Residue mg/dm³ 726.0 626.0 1000 PND F 14.1:2:4.114-
97 

Anionic 
Surfactants 

mg/dm³ 1.82 0.09 0.5 PND F 14:2:4.15-95 

Suspended 
Solids 

mg/dm³ 246.0 20.0 1.75 PND F 14.1:2:3.110-
97 

Copper 
(total) 

mg/dm³ 0.001 <0.001 0.001 PND F 
14.1:2:3:4.48-2022 

Zinc (total) mg/dm³ 0.03 0.03 0.01 PND F 14.1:2:4.60-
96 



Nickel (total) mg/dm³ 0.03 0.01 0.01 PND F 14.1:2.46-96 
Chromium 
(total) 

mg/dm³ 0.02 <0.01 0.02 PND F 14.1:2:4.52-
96 

Oil Products mg/dm³ <0.04 <0.04 0.05 FR.1.31.2011.11313 
  



Protocol of Wastewater Analysis No. 10 
Date of Report: October 7, 2024 

Sampling Location: Khvalynsk, Sewage Treatment Plant 

Sampling Date & Time: October 7, 2024, 06:20–06:30 

Purpose: Monitoring the quality of discharged water 

Sample Type: Single (grab sample) 

Sampling Method: Manual 

Instrument Calibration: Verified and certified 

Regulatory Reference: GOST R 59024-2020 

Results: 

Parameter Unit Inlet Outlet MAC Method Ref. 
pH - 6.23 7.12 - PNDF 

14.1:2:3:4.121-
97 

Transparency cm 0 0 - ISO 7027 
Ammonium 
Ion (NH₄) 

mg/dm³ 27.6 4.6 0.5 PND F 
14.1:2:3.1-95 

Nitrites (NO₂⁻) mg/dm³ 0.23 0.26 0.08 GOST 33045-
2014 

Nitrates (NO₃⁻) mg/dm³ 47 6.5 40 PND F 
14.1:2:4.4-95 

Chlorides (Cl⁻) mg/dm³ 106 95 300 PND F 
14.1:2:3.96-97 

Sulfates 
(SO₄²⁻) 

mg/dm³ 219 155 100 PND F 
14.1:2.159-
2000 

Total 
Phosphorus & 
Phosphates 

mg/dm³ 1.6 1.9 - GOST 18309-
2014 

Iron (Fe, total) mg/dm³ 1.8 0.8 0.1 PND F 
14.1:2:3:4.50-
2023 

Dry Residue mg/dm³ 2065 934 1000 PND F 
14.1:2:4.114-
2023 

Suspended mg/dm³ 471 196 1.85 PND F 



Solids 14.1:2:3.110-
97 

Permanganate 
Oxidizability 

mg/dm³ 91 62 - PND F 
14.1:2:4.154-
99 

Dissolved 
Oxygen 

mg/dm³ <1 <1 - PNDF 
14.1:2.101-97 

  



Protocol of Wastewater Analysis No. 10 (Second) 
Date of Report: October 29, 2024 

Sampling Location: Discharge No. 3 – Treatment Facilities Site 

Sampling Date & Time: October 23, 2024, 09:30 

Purpose: Monitoring the quality of discharged water 

Sample Type: Single (grab sample) 

Sampling Method: Manual 

Instrument Calibration: Verified and certified 

Regulatory Reference: GOST R 59024-2020 

Results: 

Parameter Unit Inlet Outlet MAC Method Ref. 
Ammonium 
Ion 

mg/dm³ 24.8 5.0 0.5 PND F 
14.1:2:3.1-95 

Nitrites mg/dm³ 0.91 0.07 0.08 GOST 33045-
2014 

Nitrates mg/dm³ 23.8 2.6 40 PND F 
14.1:2:4.4-95 

Chlorides mg/dm³ 62 60 300 PND F 
14.1:2:3.96-97 

Sulfates mg/dm³ 82 89 100 PND F 
14.1:2.159-
2000 

Total 
Phosphorus & 
Phosphates 

mg/dm³ 1.42 0.69 - GOST 18309-
2014 

Iron (total) mg/dm³ 0.57 0.35 0.1 PND F 
14.1:2:3:4.50-
2023 

BOD₅ mgO/dm³ 189.2 6.0 2.1 PND F 
14.1:2:3:4.123-
97 

Dry Residue mg/dm³ 710 788 1000 PND F 
14.1:2:4.114-
97 

Anionic 
Surfactants 

mg/dm³ 0.6 0.3 0.5 PND F 
14:2:4.15-95 



Suspended 
Solids 

mg/dm³ 12 36 1.75 PND F 
14.1:2:3.110-
97 

Copper (total) mg/dm³ 0.007 0.002 0.001 PND F 
14.1:2:3:4.48-
2022 

Zinc (total) mg/dm³ 0.05 0.05 0.01 PND F 
14.1:2:4.60-96 

Nickel (total) mg/dm³ 0.28 0.06 0.01 PND F 
14.1:2.46-96 

Chromium 
(total) 

mg/dm³ 0.04 0.02 0.02 PND F 
14.1:2:4.52-96 

Permanganate 
Oxidizability 

mg/dm³ 30.6 12.8 - PND F 
14.1:2:4.154-
99 

pH - 7.76 7.69 7–9 PND F 
14.1:2:3:4.121-
97 

Hydrogen 
Sulfide 

µg/dm³ 0.02 0.008 0.005 PND F 
14.1:2.109-97 

  



Protocol of Wastewater Analysis No. 11 
Date of Report: November 22, 2024 

Sampling Location: Discharge No. 3 – Treatment Facilities Site 

Sampling Date & Time: November 13, 2024, 09:30 

Purpose: Monitoring the quality of discharged water 

Sample Type: Single (grab sample) 

Sampling Method: Manual 

Instrument Calibration: Verified and certified 

Regulatory Reference: GOST R 59024-2020 

Results: 

Parameter Unit Inlet Outlet MAC Method Ref. 
Ammonium 
Ion 

mg/dm³ 41.4 4.7 0.5 PND F 
14.1:2:3.1-95 

Nitrites mg/dm³ 0.17 0.77 0.08 GOST 33045-
2014 

Nitrates mg/dm³ 5.0 18.9 40 PND F 
14.1:2:4.4-95 

Chlorides mg/dm³ 124 82 300 PND F 
14.1:2:3.96-97 

Sulfates mg/dm³ 166 121 100 PND F 
14.1:2.159-
2000 

Total 
Phosphorus & 
Phosphates 

mg/dm³ 0.5 0.15 - GOST 18309-
2014 

Iron (total) mg/dm³ 1.5 0.5 0.1 PND F 
14.1:2:3:4.50-
2023 

BOD₅ mgO/dm³ 187 <1 2.1 PND F 
14.1:2:3:4.123-
97 

Dry Residue mg/dm³ 845 742 1000 PND F 
14.1:2:4.114-
97 

Anionic 
Surfactants 

mg/dm³ 1.4 0.04 0.5 PND F 
14:2:4.15-95 



Suspended 
Solids 

mg/dm³ 115 12 1.75 PND F 
14.1:2:3.110-
97 

Copper (total) mg/dm³ 0.007 0.004 0.001 PND F 
14.1:2:3:4.48-
2022 

Zinc (total) mg/dm³ 0.05 0.03 0.01 PND F 
14.1:2:4.60-96 

Nickel (total) mg/dm³ 0.23 0.11 0.01 PND F 
14.1:2.46-96 

Chromium 
(total) 

mg/dm³ 0.32 0.07 0.02 PND F 
14.1:2:4.52-96 

Permanganate 
Oxidizability 

mg/dm³ 61.5 13.7 - PND F 
14.1:2:4.154-
99 

pH - 7.60 7.57 7–9 PND F 
14.1:2:3:4.121-
97 

Hydrogen 
Sulfide 

µg/dm³ 0.06 0.02 0.005 PND F 
14.1:2.109-97 

Dissolved 
Oxygen 

mg/dm³ <1 12.1 - PNDF 
14.1:2.101-97 
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Figure E-1: Shows a 10 000 000 m3/day Residential and Commercial WWTP Module on 
Kazakstan Border 
 
 

 

Figure E-2: Shows the outside of a 600 000 m3/day Residential and Commercial WWTP 
Module in Krasnodar Territory. The Development team are also shown in the picture. 
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Figure E-3: Shows the final treated Effluent at the 600 000 m3/day Residential and 
Commercial WWTP Module in Krasnodar Territory. 
 
 

 

Figure E-4: Indicates the internal construction of the 10 000 m3/day Residential and 
Commercial WWTP Module on Kazakstan Border 
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Figure E-5: Indicates a 200 000 m3/day WWTP With a BOD Influent of 1500 mg/L 
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The primary purpose of Chapter E14 is to protect human health, amenity values, 

property and the environment from adverse effects associated with discharges to air, 

including offensive and objectionable odour. 

 

The proposed Beachlands South Wastewater Treatment Plant has been developed 

with these objectives in mind and incorporates process selection, plant layout and 

operational controls intended to minimise odour generation at source and prevent 

adverse effects beyond the site boundary. 

 

Particular consideration has been given to: 

 Avoidance of offensive or objectionable odour; 

 Adoption of Best Practicable Option (BPO) odour control measures; 

 Protection of surrounding residential and sensitive receiving environments; 

 Enclosed treatment processes and controlled sludge handling facilities; 

 Operational practices designed to minimise air emissions throughout the life of 

the facility. 

 

The conclusions presented in this memorandum are therefore based on both the 

technical characteristics of the Combined Works (CW) treatment process and the 

relevant objectives and policies of Auckland Unitary Plan Chapter E14. 

 

2. Proposed Wastewater Treatment Process 

The proposed wastewater treatment facility is based on the Combined Works (CW) 

treatment process, a modular biological wastewater treatment technology developed 

for municipal wastewater applications. 

 

The treatment process comprises: 

 Inlet works and preliminary screening; 

 Biological treatment within enclosed CW reactors; 

 Clarification and solids separation; 

 Sludge stabilisation through extended sludge age and endogenous respiration; 

 Sludge storage; 

 Mechanical sludge dewatering by centrifuge; 

 Treated effluent discharge. 
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Unlike conventional activated sludge systems, the CW process does not utilise open 

aeration basins, oxidation ponds, or sludge drying beds. 

 

The treatment process is largely contained within enclosed treatment structures, 

substantially reducing the potential for odour generation and atmospheric emissions. 

 

3. Potential Sources of Air Emissions 

Potential air emissions associated with the wastewater treatment facility are expected 

to arise primarily from: 

 

3.1 Inlet Works 

The inlet works receives raw municipal wastewater and includes screening and grit 

removal processes. 

Potential odorous compounds may include: 

 Hydrogen sulphide (H₂S); 

 Reduced sulphur compounds; 

 Ammonia; 

 Naturally occurring wastewater odour compounds. 

 

3.2 Sludge Dewatering 

Mechanical dewatering of stabilised sludge by centrifuge may generate localised 

odours during operation. 

 

Potential emissions may include: 

 Ammonia; 

 Reduced sulphur compounds; 

 Trace organic odorous compounds. 

 

3.3 Sludge Storage and Removal 

Dewatered sludge will be stored within dedicated sludge storage tanks prior to removal 

by licensed waste contractors. 

 

Potential odours may occur during: 

 Tank venting; 
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 Sludge transfer operations; 

 Vehicle loading activities. 

 

4. Combined Works Process Characteristics 

The Combined Works technology incorporates several features that inherently reduce 

the generation of odorous emissions. 

 

Excess biological solids are retained within the treatment process for an extended 

period, allowing microorganisms to consume stored cellular material through 

endogenous respiration. 

 

This process provides partial biological stabilisation of sludge within the treatment 

system and results in: 

 Reduced sludge production; 

 Reduced organic loading within sludge; 

 Reduced odour generation potential; 

 Reduced frequency of sludge removal. 

 

The process does not incorporate dedicated anaerobic sludge digestion facilities and 

does not rely upon large open sludge storage lagoons. 

 

Consequently, odour generation at source is substantially reduced when compared 

with many conventional municipal wastewater treatment facilities. 

 

5. Ventilation and Odour Management Philosophy 

The wastewater treatment facility will be designed to incorporate appropriate 

ventilation and odour management measures during detailed design. 

 

The proposed design philosophy includes: 

 Enclosed inlet works; 

 Enclosed sludge dewatering facilities; 

 Controlled ventilation of sludge handling areas; 

 Extraction of air from enclosed odour-generating zones; 

 Treatment of extracted air through an odour control system prior to discharge. 
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Subject to detailed design, odour treatment may include ozone treatment, activated 

carbon filtration, or equivalent odour control technologies. 

 

The selected system will represent Best Practicable Option (BPO) measures 

appropriate to the scale and nature of the facility. 

 

6. Anticipated Air Discharge Characteristics 

Air extracted from wastewater treatment facilities typically contains trace 

concentrations of: 

 Hydrogen sulphide; 

 Reduced sulphur compounds; 

 Ammonia; 

 Organic odorous compounds associated with municipal wastewater. 

 

The concentration of these compounds is dependent upon wastewater characteristics, 

operational conditions, sludge age, ventilation rates, and treatment system 

performance. 

 

Specific discharge concentrations will be confirmed during detailed design if required 

by the consent authority. 

 

7. Environmental Effects Assessment 

Based on the proposed CW treatment process and the enclosed nature of the facility, 

significant adverse air quality effects are not anticipated. 

 

Factors supporting this conclusion include: 

 Enclosed treatment process; 

 Absence of open aeration basins; 

 Absence of open sludge drying facilities; 

 Reduced sludge production through endogenous respiration; 

 Controlled sludge handling and dewatering; 

 Odour treatment of extracted air where required; 

 Separation distances between the treatment facility and surrounding sensitive 

receivers. 
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Accordingly, the facility is not expected to generate offensive or objectionable odour 

beyond the site boundary. 

 

8. Conclusion 

The proposed Beachlands South Wastewater Treatment Plant utilising Combined 

Works technology incorporates several inherent process features that reduce odour 

generation at source. 

 

The enclosed treatment configuration, extended sludge age, endogenous sludge 

stabilisation process, reduced sludge production, and controlled sludge handling 

systems collectively minimise the potential for adverse air quality effects. 

 

Based on the assessment undertaken and having regard to the objectives, policies 

and performance expectations of Auckland Unitary Plan Chapter E14 – Air Quality, the 

proposed Beachlands South Wastewater Treatment Plant is expected to operate 

without generating offensive or objectionable odour beyond the site boundary. The 

enclosed Combined Works treatment process, reduced sludge production 

characteristics, controlled sludge handling systems and proposed odour management 

measures collectively represent a Best Practicable Option approach to air quality 

management for the proposed development. 

 

Should Auckland Council require further quantitative assessment during detailed 

design, ventilation rates and air discharge characteristics can be provided to a suitably 

qualified air quality specialist for detailed dispersion modelling and confirmation of 

compliance. 
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 Steroid hormones; 

 Household cleaning products; 

 Surfactants; 

 Industrial organic compounds; 

 Trace pesticides and herbicides; 

 Microplastics; 

 Antibiotic residues and associated resistance markers. 

 

These compounds are typically present at extremely low concentrations, generally 

within the microgram per litre (µg/L) and nanogram per litre (ng/L) range. 

 

Although present at very low concentrations, they are often used as indicators of 

wastewater treatment performance because many are more difficult to remove than 

conventional parameters such as BOD, TSS and ammonia. 

 

3. Combined Works Treatment Process 

The proposed Beachlands South treatment plant utilises Combined Works (CW) 

technology developed for advanced municipal wastewater treatment. 

 

The treatment train comprises: 

 Preliminary screening and grit removal; 

 Attached-growth biological treatment using ceramic media; 

 Aerobic biological oxidation; 

 Clarification and solids separation; 

 Dedicated denitrification; 

 UV disinfection; 

 Oxygen nanobubble polishing prior to discharge. 

 

The process differs from conventional activated sludge systems because biological 

treatment occurs predominantly within highly active attached-growth biofilms 

supported on engineered ceramic media rather than solely through suspended 

biomass. 
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The CW process also operates with extended sludge age and long biomass retention 

times, which are recognised internationally as important factors in the degradation of 

slowly biodegradable organic compounds. 

 

4. Mechanisms of EOC Removal Within the CW Process 

4.1 Attached-Growth Biofilm Treatment 

The ceramic media within the CW process supports a highly diverse microbial 

population. 

 

Unlike conventional suspended growth systems where microorganisms are 

continuously removed through sludge wasting, attached biofilms allow long-term 

development of specialised microbial communities capable of degrading more 

complex organic molecules. 

 

This increased microbial diversity is particularly important for compounds such as: 

 Pharmaceuticals; 

 Hormones; 

 Personal care products; 

 Trace industrial organics. 

 

Many of these compounds require multiple biological degradation pathways and 

longer exposure times than those required for conventional BOD removal.  

 

The biofilm environment in the CW system provides these conditions. 

 

4.2 Extended Sludge Age 

One of the key features described within the Combined Works process is the 

maintenance of extended sludge age (~40 Days) through endogenous biological 

stabilisation. 

 

Long sludge age provides: 

 Greater microbial diversity; 

 Increased biological contact time; 

 Enhanced degradation of slowly biodegradable compounds; 

 Improved resilience to variable loading conditions. 
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International research consistently identifies sludge age as one of the most important 

operational parameters influencing removal of trace organic contaminants. 

 

The CW process therefore incorporates a process characteristic known to promote 

enhanced EOC degradation. 

 

4.3 Multiple Biological Environments 

The treatment train incorporates both aerobic and anoxic treatment zones. 

Different microbial populations develop under these differing environmental  

conditions. 

 

This broadens the range of metabolic pathways available for contaminant 

degradation and increases the likelihood of transformation and breakdown of 

complex trace organic compounds. 

 

The combination of aerobic oxidation and denitrification therefore provides multiple 

opportunities for EOC removal throughout the treatment process. 

 

4.4 Adsorption and Solids Removal 

Many EOCs exhibit an affinity for biological solids. 

 

As wastewater passes through the CW process, a proportion of trace contaminants 

become associated with biofilms and suspended biological solids. 

 

These solids are subsequently removed through clarification and sludge wasting 

processes. 

 

This mechanism contributes to the reduction of: 

 Hydrophobic pharmaceuticals; 

 Steroid hormones; 

 Personal care products; 

 Microplastics; 

 Organic micropollutants associated with particulate matter. 
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4.5 UV Disinfection 

The final UV disinfection stage provides an additional treatment barrier.  

 

Although primarily designed for pathogen inactivation, UV irradiation can contribute 

to the breakdown of certain trace organic compounds through photolytic processes. 

 

UV therefore acts as a supplementary polishing step immediately prior to discharge. 

 

5. Expected EOC Removal Performance 

The removal efficiency of individual EOCs is highly compound specific and depends 

on chemical structure, influent concentration and wastewater characteristics. 

 

However, international studies of advanced biological treatment systems 

incorporating attached-growth biofilms, nutrient removal and extended sludge ages 

commonly report substantial reductions in: 

 Pharmaceuticals; 

 Hormones; 

 Endocrine disrupting compounds; 

 Surfactants; 

 Personal care products. 

 

The CW process incorporates the same fundamental treatment mechanisms 

responsible for these reductions. 

 

Accordingly, significant removal of many common EOCs would be expected prior to 

discharge. 

 

While compound-specific removal rates would require targeted monitoring, the 

proposed treatment configuration represents a higher level of treatment than 

conventional secondary wastewater treatment systems. 
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6. Microplastic Reduction 

Microplastics entering municipal wastewater typically originate from: 

 Synthetic clothing fibres; 

 Household products; 

 Urban runoff; 

 Domestic activities. 

 

Removal occurs principally through: 

 Attachment to biological solids; 

 Biofilm capture; 

 Clarification and sludge separation. 

 

The CW process incorporates all of these removal mechanisms. 

Consequently, substantial reduction in microplastic loading is expected prior to 

discharge. 

 

7. Nutrient Reduction and Ecological Significance 

The proposed Beachlands South treatment system incorporates a dedicated 

denitrification reactor specifically designed to achieve advanced nutrient removal. 

 

The design targets for the treatment plant are: 

 Total Nitrogen (TN) ≤ 5 mg/L 

 Total Phosphorus (TP) ≤ 3 mg/L 

 

These concentrations are substantially lower than those typically associated with 

conventional secondary wastewater treatment facilities. 

 

From a marine ecology perspective, nutrient reduction is important because 

excessive nitrogen and phosphorus may contribute to: 

 Algal growth; 

 Increased biological oxygen demand; 

 Changes in benthic community structure; 

 Localised ecological enrichment. 
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The proposed nutrient removal performance therefore significantly reduces the 

potential for nutrient-driven ecological effects within the receiving environment. 

 

8. Nanobubble Polishing Technology 

As a final environmental enhancement stage, treated effluent will pass through an 

oxygen nanobubble polishing system immediately upstream of the marine outfall. 

 

Nanobubbles are extremely small gas bubbles, typically less than 200 nanometres in 

diameter. 

 

For comparison, a conventional aeration bubble may be between 1 and 5 millimetres 

in diameter, making nanobubbles thousands of times smaller. 

 

Because of their extremely small size, nanobubbles exhibit unique physical 

properties: 

 Very slow buoyant rise velocity; 

 Long residence times in water; 

 Extremely high surface area; 

 High oxygen transfer efficiency; 

 Stable negative surface charge (zeta potential). 

 

These properties allow oxygen to remain within the treated water for extended 

periods rather than rapidly escaping to the atmosphere. 

 

9. Environmental Benefits of Nanobubbles at the Marine Discharge 

The principal environmental benefits of nanobubbles occur within the outfall pipeline 

and the immediate receiving environment surrounding the diffuser. 

 

Maintenance of Aerobic Conditions 

Nanobubbles provide a reservoir of dissolved oxygen that remains available following 

discharge. 

 

This assists in maintaining aerobic conditions within the immediate mixing zone and 

reduces the potential for localised oxygen depletion associated with residual 

biological oxygen demand. 
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Enhancement of Benthic Conditions 

Benthic organisms depend on adequate dissolved oxygen concentrations within both 

the water column and surface sediments. 

 

The oxygen-rich discharge assists in supporting aerobic microbial communities 

responsible for natural nutrient cycling and organic matter degradation. 

 

This reduces the likelihood of localised anaerobic conditions developing around the 

diffuser. 

 

Support of Natural Assimilative Processes 

The receiving marine environment naturally assimilates residual nutrients and 

organic matter through microbial activity. 

 

These processes operate most effectively under aerobic conditions. The elevated 

dissolved oxygen associated with nanobubble treatment supports these natural 

assimilative mechanisms and enhances ecological resilience within the immediate 

mixing zone. 

 

Reduction of Sulphide Formation 

Maintaining aerobic conditions suppresses sulphate-reducing bacteria that would 

otherwise generate hydrogen sulphide under anaerobic conditions. 

 

This assists in preventing odour formation, sulphide generation and associated 

adverse sediment chemistry. 

 

Enhanced Water Quality Buffer 

The nanobubble system effectively provides an additional oxygen reserve entering 

the marine environment. 

 

This reserve improves the ability of the receiving environment to accommodate 

residual oxygen demand while maintaining healthy ecological conditions. 
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10. Marine Discharge Performance 

The final discharge entering the marine environment will therefore have undergone: 

1. Preliminary screening and solids removal; 

2. Advanced attached-growth biological treatment; 

3. Clarification; 

4. Nutrient removal through denitrification; 

5. UV disinfection; 

6. Oxygen nanobubble polishing; 

7. Rapid dilution and dispersion through the marine diffuser. 

 

The resulting discharge is expected to contain substantially reduced concentrations 

of: 

 Suspended solids; 

 Biodegradable organic matter; 

 Nutrients; 

 Pathogens; 

 Microplastics; 

 A wide range of trace organic contaminants. 

 

11. Conclusion 

The proposed Beachlands South wastewater treatment and marine discharge system 

incorporates multiple treatment barriers that collectively contribute to the reduction of 

Emerging Organic Contaminants and protection of the receiving marine environment. 

 

The Combined Works process utilises attached-growth biofilm treatment, extended 

sludge age, clarification, nutrient removal and UV disinfection, all of which contribute 

to the removal of trace organic contaminants commonly present in municipal 

wastewater. 

 

The proposed oxygen nanobubble polishing system provides an additional 

environmental enhancement stage immediately prior to discharge by increasing 

dissolved oxygen concentrations and supporting aerobic ecological processes within 

the immediate receiving environment. 
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The combination of advanced wastewater treatment, nutrient removal, nanobubble 

oxygenation and diffuser-assisted marine dispersion represents a robust multi-barrier 

approach that is expected to minimise ecological effects and provide a high level of 

environmental protection for the receiving marine environment. 

 




