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Executive Summary 
The Delmore land development project spans 109-hectares and upon completion shall 

provide approximately 1213 new residential lots and dwellings in the Wainui-Ōrewa region. 

Apex Water have been engaged to provide water and wastewater design services for 

private on-site treatment infrastructure, to support the planning and consenting stages of the 

proposed Delmore development.  

 

This report has been structured into two sections, covering: 

 

Section 1 - Wastewater 

 

- Scenario 1 - Onsite wastewater treatment infrastructure covering Stage-1 of the 

development, up to 475 lots with allowance for future expansion to support up to 1213 

lots. 

 

- Scenario 2 – Onsite infrastructure for the storage and removal of raw wastewater 

covering Stage-1 of the development, up to 475 lots. This covers the infrastructure 

required to minimise any offsite effects. 

 

Section 2 - Water 

Onsite potable water treatment infrastructure covering Stage-1 of the development, up to 

475 lots. The design of the infrastructure shall consider future expansion to allow for the full 

Stage-2 figure of 1213. 

 

Wastewater 

Scenario 1 - Onsite Wastewater Treatment Infrastructure 

In scenario 1 where wastewater is to be treated and discharged on site (with some off-site 

removal), the proposed wastewater treatment plant will employ a hybrid biological nutrient 

removal system, featuring a 4-stage Bardenpho activated sludge treatment process, a 

Membrane Aerated Biofilm Reactor, Hollow Fibre Ultra-filtration membranes and Reverse 

Osmosis membranes to produce exceptionally high-quality permeate. This system is designed 

to treat wastewater to such an extent that the resulting treated water quality would be 

amongst the highest of any wastewater treatment system found in New Zealand. To 

demonstrate the extremely high quality of the permeate produced, there are several 

international examples where the treatment train proposed is employed as part of full 

drinking water re-use applications. However, this is not proposed by this report due to the 

aesthetic and cultural concerns around this type of re-use in New Zealand at the current 

time. It is also noteworthy that the proposed treated wastewater quality meets and exceeds 

the requirements of the new Wastewater Environmental Performance Standards (2025). A 

comparison between the proposed discharge quality and that required under the 
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detailed design stages of the project, however the physical infrastructure presented within 

this report shall be sufficient to support any of the selected technologies. 

 

The drinking water treatment plant shall be initially sized to accommodate Stage-1 of the 

Delmore development which encompasses some 475 residential lots/dwellings. There shall 

also be consideration during this design process to ensure the treatment infrastructure is 

modular and can be scaled to accommodate the future stages of the development should 

no public water connection become available.  
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Introduction 
The Delmore development is an approximately 1213 lot residential land development project 

located in the Wainui area of the Hibiscus coast. Over the past 15-years the Hibiscus coast 

has received significant investment for residential land development projects, as a result it 

has become one of Auckland’s fastest growing areas. From the years 2013 to 2018 the 

Hibiscus and Bays Area observed a population growth of 15.8%, and while slowing since 2018, 

the region has still grown by 9.6% to 2024, outpacing Auckland’s overall rate of 5.4% during 

the same period (Hibiscus Coast App, 2024). As a result of this increased growth the local 

wastewater infrastructure is nearing its capacity. In late 2024 Watercare made public 

notification that there was only sufficient capacity in the wastewater treatment infrastructure 

to connect up to another 4000 new homes (as at 14 November 2024). The area is forecasted 

to reach its capacity by 2027, with more residential lots in planning or having received 

resource consent than the existing Army Bay Wastewater Treatment Plant can service 

(Watercare, 2024). With upgrades to the treatment infrastructure planned for completion in 

2031, Watercare has stated they will be actively managing new connections to its network in 

the area (Watercare, 2024).  

 

To allow for the continued supply of houses in the event that the development is unable to 

connect to Watercare’s wastewater network when first developed, the developer Vineway 

has engaged Apex Water (Apex) to provide engineering support for the planning and 

consenting of private on-site wastewater treatment and discharge infrastructure.   

 

As part of the preliminary design process, various wastewater treatment options were 

assessed, and the selected system was chosen for its suitability. The chosen treatment 

process is a modular hybrid biological nutrient removal system, which includes a 4-stage 

Bardenpho activated sludge process, a Membrane Aerated Biofilm Reactor, and Hollow 

Fiber Ultra-filtration membranes with tertiary disinfection. This treated wastewater stream is 

further polished by Reverse Osmosis membranes, providing a resultant water quality that will 

be amongst the highest quality in New Zealand.  This system ensures high-quality permeate 

production within a compact design. The treated wastewater will be discharged both to 

land when available, utilising available reserve land alongside a constructed land infiltration 

trench designed by the principal in collaboration with local stakeholders. 

 

Vineway has also sought to provide for on-site water supply and has engaged Apex Water to 

assist with the design of the treatment infrastructure. The water treatment process shall 

employ either of a cartridge filter and Ultraviolet light (UV) disinfection process, or a multi-

media filtration system with an Ultraviolet light (UV) disinfection process. When combined with 

ancillary processes, such as chemical dosing and online monitoring for quality assurance, 

either of these treatment processes will produce potable water that meets the Drinking 

Water Standards for New Zealand. As the physical abstraction infrastructure is yet to be 
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completed, the design basis for technology selection has been made utilising raw water 

quality from existing bores adjacent to the Delmore project site which are serviced by the 

same aquifer. The physical treatment infrastructure detailed within this report shall allow for 

the integration of either of these treatment processes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

The opinions, conclusions and recommendations in this report are based on conditions 

encountered and information provided at the date of preparation of the report.  Apex has 

no responsibility or obligation to update this report to account for events or changes 

occurring after the date the report was prepared. The opinions, conclusions and 

recommendations in this report are based on assumptions made by Apex noted in this 

report.    

 

LIMITATIONS  
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Figure 2 - The proposed Delmore project site and surrounds 
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By virtue of their design, LPS networks are far less susceptible than conventional gravity sewers 

to increased hydraulic loading during wet weather events from stormwater infiltration and 

ingress. As LPS sewers operate under pressure, for any external source to be able to enter the 

network it must be at a higher pressure than the network itself.  This pressurised network 

introduces a barrier to entry into the network, meaning traditional ingress routes such as 

misaligned or damaged pipework cannot result in stormwater ingress. By decoupling peak 

hydraulic loads from weather events, LPS sewers allow for treatment or handling infrastructure 

to be designed around diurnal cycles (morning and evening peak usage). To this end, the 

conveyancing infrastructure and wastewater handling infrastructure is designed to handle a 

peak wet weather flowrate of 1.2x the average dry weather flow (ADWF) rate. The Auckland 

Code of Practice for Land Development and Subdivision outlines that conventional gravity 

networks should be designed around a peaking factor of 6.7x the ADWF adding additional 

cost and complexity. Figure 4 below highlights common ingress and infiltration routes for 

stormwater into gravity networks. 

  

,  

Figure 4 - Sources of Infiltration and Inflow (GHD Limited, 2015) 

 

The following wastewater model has been produced based on the use of a LPS sewer 

network and the wastewater loading provided by Mckenzie & Co. While the wastewater 

handling infrastructure design is centred around the peaking factor of 1.2x the ADWF, the 

actual infrastructure, will inherently buffer out some of this flow to allow for operational 

flexibility. 
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given to the net impact the changing land use will provide, through the removal of livestock 

and the conversion from pasture to a residential land development.  

 

Findings of the Viridis report have been taken into consideration in the following sections 

when assessing the suitability of the wastewater treatment processes for the Delmore project.  

 

 

 

 

 

Treatment systems currently in use throughout New Zealand, which have been considered for 

suitability at the Delmore site include: 

 

• Membrane Aerated Biofilm Reactor (MABR) 

• Membrane Bioreactor (MBR). 

• Activated Sludge 

• Sequence Batch Reactors (SBRs).  

• Submerged Aerated System (SAF). 

• Trickling Filters; and,  

• Recirculating Textile Packed Bed Reactors (rtPBR). 

• Hybrid Membrane Bioreactor / Membrane Aerated Biofilm Reactor 

 

The quality of the receiving environment has driven the options assessment for the 

wastewater treatment plant and has resulted in the addition of Reverse Osmosis membranes 

for the polishing of the treated wastewater prior to discharge. Taking this into consideration, 

and through consultation with the principal with respect of the desired flow ranges, operator 

inputs, constructability, project life and the lot allocated to the plant, this list has been further 

reduced to the following processes: 

 

• Membrane Bioreactor (MBR) Nutrient Reduction Process with supplementary Reverse 

Osmosis polishing membranes.  

• Membrane Aerated Biofilm Reactor (MABR) Nutrient Reduction Process with 

supplementary Reverse Osmosis polishing membranes.  

• Hybrid Membrane Bioreactor / Membrane Aerated Biofilm Reactor Nutrient Reduction 

Process with supplementary Reverse Osmosis polishing membranes. 

 

A review of the selected technologies is outlined below providing a summary of the suitability 

of these processes for the Delmore site. As each of the processes assessed make use of 

supplementary Reverse Osmosis for polishing of the treated wastewater, a separate section 

on the use of these membranes has been included below. Figure 6 below shows a 

Sequenced Batch Reactor servicing a private land development in Cardrona. 

 

WASTEWATER TREATMENT OPTIONS ASSESSMENT 
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Figure 6 - A Sequenced Batch Reactor designed and built by Apex Water 

Membrane Bioreactor (MBR) 

An MBR system is a combination of the activated sludge process detailed above with a 

micro or ultra-filtration system that rejects particles above 0.1 – 0.4micron in size. By excluding 

particles of such a small size, the treated wastewater produced by a MBR plant can reject 

most pathogens, with samples of permeate from MBR plants designed by Apex often 

demonstrating E. coli concentrations of less than 1cfu/100mL.  MBRs have two basic 

configurations: (1) an integrated configuration that uses membranes immersed in the 

bioreactor, and (2) a recirculating configuration where the mixed liquor circulates through a 

membrane module situated outside the bioreactor.   

 

The MBR represents the best available technology for the application proposed for the 

Delmore development.  The key benefits of MBR technology for this application include: 

 

• Reliably high level of treatment achieved.  

• Compact process.  

• Good at handling seasonal loads.  

• Good at treating high strength wastewater.  

• Physical barrier prevents bacteria entering the treated water.  

• Physical barrier provides exceptionally clear, low turbidity permeate suitable for further 

disinfection via UV irradiation or chlorine disinfection. 

 

While an MBR is considered one of the best available technologies in wastewater treatment, 

the effects based assessment conducted by Viridis demonstrated that to achieve the levels 
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of nutrient reduction required, a supplementary reverse osmosis treatment step would also 

be required to further reduce level of nutrients in the resulting wastewater. An example of 

above ground concrete membrane tanks at a membrane bioreactor treatment plant that 

has been designed and built by Apex Water for an industrial client can be seen in Figure 7 

below. 

 

 
Figure 7 - An MBR Membrane Tank on an Apex Water designed and built dairy site 

Membrane Aerated Bioreactor (MABR) 

A Membrane Aerated Bioreactor is a modified activated sludge process, where through the 

addition of gas transfer membranes, process monitoring and control, the conversion of 

ammonia in raw wastewater to nitrate (one of the key process steps in the removal of 

nutrients in the wastewater), known as nitrification is carried out in a very quick and efficient 

manner.  

 

The MABR process provides aeration for the conversion of ammonia to nitrate directly to the 

bacteria carrying out the biological processes. The gas transfer membranes provide a large 

surface area on which the biofilm can grow and allows for efficient oxygen transfer rates. The 

result of this is that for the same nitrification rate, an MABR treatment process requires a 

smaller footprint (i.e., smaller tanks) and uses less aeration energy which often comprises one 

of the largest operational expenses. 
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The MABR process, in its standalone form, does not utilize filtration membranes and therefore 

lacks the ability to separate and remove bulk solids from the treated wastewater. 

Consequently, the treated wastewater will still contain solids unless an additional removal 

step is implemented. While nutrient removal is achieved efficiently through the MABR 

process, the presence of residual bulk solids makes the effluent unsuitable for discharge into 

sensitive receiving environments. However, by incorporating MABR gas transfer membranes 

along with the appropriate process control features into the MBR treatment process, this 

results in a highly effective nutrient removal system that occupies a small footprint and 

produces treated wastewater of superior quality 

 

Other major benefits of MABR treatment processes include: 

• They are easily scalable and can be designed to be modular 

• They typically produce much less waste biological matter (sludge) due to the high 

efficiency of the biofilm requiring less biology to achieve the same rate of nitrification 

compared to other conventional treatment systems. 

• Lower sludge production means lower operational, and disposal costs associated with 

sludge handling. 

• Can be operated to accommodate fluctuating wastewater organic loads without 

significant performance losses 

• By virtue of their energy efficient design, they offer better environmental performance 

when measured against other conventional treatment options 

 

Hybrid Membrane Bioreactor / Membrane Aerated Bioreactor (MABR) 

Through the integration of MABR gas transfer membranes into the MBR treatment process an 

efficient treatment process producing exceptionally high treated wastewater quality can be 

achieved on a small footprint. This process combines the advantages of both treatment 

processes providing a robust treatment process that can handle variable nutrient loads 

which can be designed and constructed with modularity in mind for future expansion. 

 

A photograph of an MBR/MABR hybrid treatment plant being constructed by Apex Water for 

Watercare Services can be seen in Figure 8 below. 
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Figure 8 - An under construction MABR/MBR hybrid treatment plant designed and under construction by Apex 

Water for Watercare 

 

While this hybrid treatment process would be considered the best available technology for 

sewage treatment in New Zealand, to achieve the levels of nutrient reduction required for 

discharge to surface water at this site, a supplementary reverse osmosis treatment step 

should also be carried out to achieve trace level of nutrients required in the resulting 

discharge. 

 

Reverse Osmosis (RO) Polishing Membranes 

While the Membrane Bioreactor detailed above makes use of membranes for the separation 

of bulk solids and the removal of pathogens from the treated wastewater stream, these 

membranes themselves do not provide the level of nutrient reduction required to discharge 

into the unnamed waterways adjacent the site. To achieve the required level of treatment, 

Reverse Osmosis Membranes have been included in each of the treatment processes 

considered above. Unlike conventional dead head filtration processes, a Reverse Osmosis 

membrane filter operates by subjecting a constant pressurised flow of water across the 

surface of the membrane. While moving across the membrane surface, water molecules 

permeate across the membrane while contaminants as small as salts and nutrient molecules 

are excluded. The result is an extremely high quality permeate stream and a concentrated 

reject stream containing the excluded contaminants.   
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While it is uncommon for conventional wastewater treatment application to require the 

addition of reverse osmosis membranes as a part of the treatment train, these are widely 

utilised in countries which treat and re-use wastewater for drinking water applications. Figure 

9 below taken from the World Health Organisation report into Wastewater Re-use highlights a 

number of treatment processes adopted worldwide for the re-use of treated wastewater for 

the purpose of drinking water. The proposed Delmore treatment plant process has been 

identified in red overlaid onto these examples of treatment processes. 

 

  
Figure 9 – A number of example of treatment plants worldwide where wastewater is reused for drinking water 

applications 

 

It should be noted that of the examples detailed above, three of the four highlighted use the 

same process as proposed. In these examples, the discharge is directed to a form of reservoir 

or environmental buffer (aquifer) prior to becoming a feed source for a drinking water 

treatment plant. To this end, the Reverse Osmosis essentially produces drinkable water from 

the treated sewage and if employed here, as is proposed, it would almost certainly make this 

water discharged from the Delmore development the cleanest of any treated sewage in 

New Zealand. 
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Hybrid Membrane Aerated Bioreactor with Ultrafiltration Membranes (MABR + MBR) 

with Supplementary Reverse Osmosis Membranes. 

A multi-criteria assessment (MCA) has been carried out on the processes considered to 

evaluate each of these on Performance, Future Proofing, Operability, Constructability, Social 

and Environmental Impact and Resilience and Process Resilience. Each of these has been 

baselined next to what Apex considers as the more robust treatment solution which consists 

of a 4-stage Bardenpho activated sludge treatment process, a Membrane Aerated Biofilm 

Reactor and Hollow Fiber Ultra filtration membranes with Reverse Osmosis membranes for 

polishing of the resulting treated wastewater.   

PROCESS SELECTION 
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Disadvantages of an MBR – MABR Hybrid Process 

Whilst the MBR-MABR Hybrid Process is considered the most suitable for the Delmore 

application, it does have some limitations. The limitations of this process are well defined and 

through process design these can be mitigated. The disadvantages of MBR – MABR hybrid 

process systems include: 

 

• Limitations to total flows that the plant can handle 

 

While the membranes provide a physical barrier to solids and bacteria entering the 

discharge, they also provide a physical limit as to the total flow that the plant can handle. 

The surface area available for filtration, the level of fouling blocking liquid flow and the 

physical pressure limitations of membranes all contribute to providing a hydraulic upper limit 

to a membrane-based treatment process. Where systems exhibit large peak flows, mitigation 

measures need to be employed to handle peak flows. Whilst this is considered a 

disadvantage of the selected process, it is common to all treatment processes containing 

membranes. Membranes are considered a necessary process step for the Delmore WwTP 

due to the required treated wastewater quality and use of tertiary UV disinfection. Through 

the addition of flow balancing and detailed design this limitation can be mitigated.    

 

• Membrane Organic and Inorganic Fouling 

 

The blocking of the membrane pores over a period of operation due to the accumulation of 

organic fouling or deposition of inorganic scaling restricts flow through the membrane. Any 

restriction of flow requires an increase in pressure differential to provide the same flowrate up 

to the physical pressure limitations of the membranes. The cleaning of the membranes to 

remove these blockages adds an additional layer of operational complexity that must be 

managed through a clean in place (CIP). Processes for cleaning both MBR and MABR 

membranes are commonplace but must be managed and controlled according to good 

operational practices to ensure process performance is maintained and operator safety is 

not compromised. While membrane fouling is a disadvantage of the process it is common to 

all membrane treatment processes which would be required in an application such as that 

proposed for the Delmore residential land development. An example of hollow fibre 

membranes with organic and inorganic fouling on the surface of each fibre can be seen in 

Figure  below. 
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Figure 10 - Hollow Fibre Membranes with visible fouling 

 

• Reverse Osmosis Reject Waste Stream 

 

The Reverse Osmosis process results in two liquid streams, one of exceptionally high quality 

that can be discharged into even the most sensitive environments or re-used and the other 

containing the rejected contaminants that cannot pass through the membrane. The reject 

stream which makes up approximately 15% of the total volume of the treated wastewater 

must be discharged or handled with consideration of the contaminants present. While this 

represents an operational constraint, due to the extremely high quality of the wastewater 

being fed to the RO treatment process step the quality of this retentate stream will still be 

exceptionally high. As such, there are various options for disposing of the reject stream of the 

quality that will result from the proposed Delmore wastewater treatment plant which are 

discussed in further detail below. 

 

Prevalence of MBR – MABR Systems in the Auckland Region 

The adoption of MABR treatment processes and other modified activated sludge systems in 

New Zealand has been gradual. Potential factors contributing to this include limited 

technical expertise, the size of the industry, and established design standards. However, in 

recent years, the uptake of MABRs and other modified activated sludge technologies, such 

as Moving Bed Biofilm Reactors (MBBR), has gained momentum. Notable new treatment 

plants utilizing these technologies have been implemented in Te Kauwhata, Waikato (MABR-

MBR hybrid), Lake Hawea, Otago (MBBR), and Raglan, Waikato (MABR-MBR hybrid). Both the 

Lake Hawea and Raglan plants were designed and constructed by Apex Water. 
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Over the past decade, many new sewage treatment plants in the Auckland region and 

surrounding areas, including those discharging directly to surface water bodies, have 

adopted MBR systems. These include facilities in Pukekohe, Warkworth, Clarks Beach, 

Waiheke Island, Karaka North, and Meremere.  Apex Water has been responsible for 

designing and constructing five of the plants mentioned above. Notably, the wastewater 

treatment system on Waiheke Island handles unusually strong wastewater, with peak 

concentrations up to ten times higher than typical sewage. Despite these challenges, the 

system consistently produces treated water meeting stringent standards, with <10 mg/L total 

nitrogen (TN), <2 mg/L BOD, <1 mg/L total suspended solids (TSS), and <1 CFU/100mL E. coli. 

 

Expected Wastewater Quality from an MABR -MBR with Reverse Osmosis 

Membranes 

An MABR-MBR treatment plant, such as that proposed for the Delmore development is a best 

practice wastewater treatment solution. The resulting treated water quality is of such a high 

quality that by the World Health Organization Standards it meets the requirements for 

bathing quality water and Australian guidelines for Grade A+ recycled water without further 

treatment. For similar treatment processes it is not uncommon for an MBR to have 

undetectable levels of bacteria in the discharge (e.g., <1 CFU per 100mL).  

 

The addition of reverse osmosis membrane filtration as a processing step provides a 

significantly more robust physical barrier to the discharge of solids and nutrients ensuring that 

the treated water has close to zero solids and that virtually all bacteria are removed from the 

discharge. From a practical perspective and to allow for any minor leaks or damage to 

membranes, MBRs are often designed to achieve a treated water quality of <4 E. coli/100mL.  

Following this with UV and Reverse Osmosis would also remove almost all viruses from the 

wastewater.  Table 6 below provides a summary of the expected water quality of the treated 

wastewater alongside the quality of a range of other consented discharges or reference 

water qualities for comparison.
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required for a local authority designing, building and operating the same treatment plant on 

the same site  

 

Figure 1 below shows a Membrane Bioreactor designed and built by Apex Water for 

Watercare in Meremere in the Waikato. 

 

 
Figure 11 - A MBR treatment plant designed and built by Apex Water for Watercare 

 

 

 

 

 

A simplified process flow diagram of the MABR-MBR hybrid treatment train is illustrated in 

Figure  below. 

 

This process is characterized by the following unit processes on the main flow path, 

 

1. Raw sewage pump station – This feeds raw sewage to the treatment plant 

2. Headwork Screening – These screen bulk solids out of the raw sewage to protect the 

downstream process. 

3. Flow Balancing – A tank which receives the screen sewage buffering peak flows. 

4. Pre-Anoxic Tank – The first stage and heart of the biological process housing the MABR 

modules 

5. Aeration Tank – Dissolved oxygen is pumped into this tank to feed the biological 

process 

6. Post Anoxic Tank – The second stage and polishing step of the biological process. 

TREATMENT TRAIN 
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7. Membrane Tank – The filtration step of the process, where bulk solids, bacteria and 

viruses are filtered out of the wastewater  

8. UV Disinfection – The UV disinfection step where any remaining bacteria or viruses are 

deactivated through exposure to ultraviolet light. 

9. Reverse Osmosis Filtration – Permeate from the MBR is pumped across the surface of 

the RO membranes producing two liquid streams, the permeate for discharge locally 

and the reject for beneficial re-use or discharge.  

10. Permeate Storage – Where permeate (fully treated wastewater) is stored prior to 

discharge 

11. Discharge System – Treated wastewater is discharge via land irrigation or into a land  

infiltration trench for land contact prior to entering the adjacent waterway 

 

Ancillary or other unit processes on minor flow paths may not be shown on the simplified 

process flow diagram below, but include: 

 

1. Activated Sludge is periodically wasted and stored in the Waste Activated Sludge 

(WAS) tanks to maintain the required levels of biological activity 

2. WAS is dewatered and thickened typically using a centrifuge for discharge and 

removal as a dry cake. Polymer is dosed to improve the dewatering performance. 

3. RO Reject is stored on site prior to being discharged to the Watercare network via a 

Trade Waste agreement (TBC), or on site for beneficial re-use throughout the 

development. 

4. Aeration blowers feed high volume and medium pressure air to the MABR gas transfer 

membranes and the aeration tank.  

5. Acetic Acid is dosed as a supplementary carbon source to provide food to the 

biological process 

6. Sodium hydroxide is dosed to manage the pH of the treatment process. The biological 

process consumes alkalinity, decreasing the pH of the wastewater which if not 

managed negatively impacts biological activity.  

7. Aluminium Sulphate is dosed to sequester phosphorous out of solution for removal 

8. Citric Acid is used to remove inorganic scaling from the membrane surfaces through a 

Clean-in-Place (CIP) process. 

9. Sodium hypochlorite is used to remove organic fouling from the membrane surfaces 

through a CIP process. 

10. Headworks screenings are collected in a skip for removal to landfill 

11. Dewatered sludge is collected in a skip for removal to landfill. 

 



34 

 

 

+ 

 

 

 

 

 

 
Figure 9 - Simplified Process Flow Diagram 
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Modelling of the Biological Process 

Biological modelling of the treatment process has been carried out making use of Biological 

Modelling software. This design step is critical to both confirming the technology selection is 

appropriate for the wastewater volumetric and nutrient loading expected, but also in 

providing input to the planning and consenting of the overall project site. 

 

The biological modelling process is carried out on Biowin software which is a tool that ties 

together the biological, chemical and physical process models. Through the development 

and optimisation of the model, the discharge quality can be determined for a range of flow 

scenarios. These scenarios allow a sensitivity analysis to be carried out on the proposed 

design to determine its suitability and stability under a range of influent flows and strengths. 

 

One of the other key outputs of this stage of the design process includes bulk sizing of the unit 

processes which allows for a preliminary layout of the site including: 

 

• Bulk dimensions of the treatment plant building – Planning and land use considerations 

• Bulk dimensions of the treatment plant biological reactor tanks – Planning and land 

use considerations 

• Volumetric consumption of the ancillary chemicals – Planning, land-use and 

hazardous substance considerations 

• Site layout, permeable and impermeable surface make-up –Planning, land use, 

hazardous substances and industrial and trade related activities considerations 

• Site layout – Noise generation, attenuation, vehicle movements, air discharges and 

operational ergonomics of the site – Planning, land-use, traffic and discharge to air 

considerations. 

 

Further details related to planning and consenting is covered later in this document. 

 

An overview of the BioWin model as visualised from the computer is illustrated in Figure  

below.  The following subsections provide further details of the plant design.   

 

 
Figure 10 - Biowin Modelling Overview 
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Headworks Screening 

The incoming wastewater is directed through a wastewater receival pump station and 

delivered directly into the headworks system, where the screens are sized to handle the full 

hydraulic capacity of the development, including instantaneous peak flow conditions. 

 

The wastewater enters a tank containing a screw compactor, which is fitted with a fine 

screen element. As the effluent flows through the screen, solids larger than 2mm are 

removed. Over time, these solids accumulate on the screen, which can cause a decrease in 

flow. This blockage results in a rise in water level, which is monitored by a level sensor inside 

the tank. When the water level reaches a predetermined point, a signal is triggered to 

automatically initiate the cleaning of the screen filter. 

 

The screenings are then transported from the screening area to the dewatering or pressing 

section, where they are washed to remove organic matter. The collected solids are placed 

into sealed wheelie bins for removal from the site. Under full production, these bins will 

typically require emptying every one to two weeks. 

 

Following screening, the effluent flows into a grit sedimentation tank (hopper), where grit 

particles are separated from the wastewater. The grit settles at the bottom of the hopper, 

and a horizontal screw conveyor at the base directs it to an extraction chamber. In this 

chamber, an extraction screw lifts, dewaters, and washes the grit, which is then discharged 

through a chute into a collection bin. Air diffusers inside the sedimentation hopper help 

enhance the separation of organic material from the grit. The removed grit is collected in a 

second sealed wheelie bin, which is also emptied periodically. Under full production, this bin 

will need to be replaced once or twice a month. 

 

To ensure that all screenings are effectively captured, the wheelie bins are modified with a 

chute that passes through the lid, creating a tight seal. This system helps contain any odour 

and ensures that all screenings are directed into the bin. The headworks screens are installed 

on a sealed concrete surface, which drains to a sump that pumps the wastewater directly 

into the treatment plant. Typically, a heavy-duty plastic liner is used in the wheelie bins, and a 

duty-standby arrangement is employed to ensure an empty bin is always available for 

replacement. When a bin is full, it is replaced, the liner is removed, and the contents are 

disposed of in the dewatered sludge skip.  

 

MAIN UNIT PROCESSES 
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The headworks screening process performs the following functions: 

• Removal of solids from the incoming wastewater. 

• Washing, conveying, and dewatering of the screenings prior to disposal in the 

screenings bin. 

• Separation of sand and grit. 

• Lifting, dewatering, and washing of separated grit, which can be discharged to the 

screenings bin or a separate bin. 

• Reduction in the volume of screenings by 40–60%, depending on the quality of the 

screenings. 

• Dry solids content ranging from 25–35%, depending on the quality of the screenings. 

 

Figure  below shows both the coarse and fine inlet screens. 

 

 
Figure 11 - Fine and Coarse Inlet Screens at a treatment plant designed and built by Apex Water 

To reduce operational complexity the screens often sit on a raised platform hydraulically 

upgradient of the biologically process. While raw sewage is pumped into the screen, the 

screened sewage flows under gravity through the screens and into the rest of the process. 
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Balance Tank 

The balance tank acts as a buffer protecting or decoupling the treatment processes from 

peak flows. Screened sewage passes directly into the balance tank under gravity where it is 

accumulated prior to treatment.  

 

This balance tank consists of a large sealed tank where screened sewage is able to 

accumulate if it is received by the treatment plant at a rate higher than it can be processed 

by the downstream treatment process. The principle of decoupling the treatment process 

from peak flows allows the treatment plant to be sized for a lower flowrate, as opposed to 

the peak instantaneous flowrate which has the benefit of considerably reducing the size and 

cost of the process equipment required. 

 

 

Pre-Anoxic Tank - 

The Pre-Anoxic tank is an open-top vessel. The screened wastewater is pumped from the 

balance tank, where it is mixed and maintained at a fixed level, before passing into the 

subsequent stage of the treatment process: the aeration tank. 

 

This tank functions as a biological treatment unit where nitrogen compounds and organic 

materials are removed through biological processes, converting them into carbon dioxide, 

water, and nitrogen gas. 

 

 

By incorporating MABR membranes into the Pre-Anoxic tank, the system achieves highly 

efficient simultaneous nitrification-denitrification. The MABR membranes provide a surface for 

biofilm development, hosting large populations of nitrifying and denitrifying bacteria. In the 

Pre-Anoxic environment, oxygen diffuses across the MABR membranes, creating a gradient 

that decreases as it moves through the biofilm. This gradient enables both aerobic and 

anoxic bacteria to thrive in close proximity, optimizing the biological treatment process. 

 

The Pre-Anoxic tank is equipped with the following components: 

 

• MABR membrane modules 

• Mixers to maintain effective suspension and mixing of bacteria with incoming 

contaminants 

• A recirculation pump(s) to circulate wastewater between the anoxic and aeration 

tanks, with the wastewater flowing back into the Pre-Anoxic tank via a penetration in 

the dividing wall. 
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Aeration Tanks 

From the pre-anoxic tank, the flow enters the aeration tank, in which naturally occurring 

bacteria grow and eat the organic contaminants in the wastewater.  Ammonia is the main 

form of nitrogen present in the feed to this tank. The aerobic tank converts this to nitrate for 

removal by the anoxic tanks.  

 

The aeration tank is fitted with fine bubble diffusers to efficiently transfer oxygen delivered by 

the blowers into the water.  By keeping a positive level of dissolved oxygen in the aeration 

tank, aerobic conditions are retained, and the discharge of offensive odour is prevented. An 

aeration tank in operation can be seen in Figure  below. 

 

 
Figure 12 - An Aeration Tank in Action (Large Blue Tank) 

 

Air is provided to the process through blowers which are to be housed in a soundproof plant 

room. As failure of the aeration system is one of the main odour risks of the site, a standby 

blower shall be included, in the event of a failure during operation.   In addition to this, a 

back-up generator is installed on site which will automatically switch on should power supply 

to the site fail.   
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The blowers operate based on continuous measurement of dissolved oxygen.   Alarms will be 

raised if the dissolved oxygen drops below a threshold value (e.g. 0.1ppm) for long enough 

to potentially develop anaerobic conditions (e.g. 4 hours).  Under this scenario, a text 

message alarm is raised that alerts both the operators and maintenance staff that the plant 

requires urgent attention before conditions can develop that may result in a release of 

offensive odours.   

 

Post Anoxic Tank  

The nitrate-rich effluent from the aerobic tanks, is directed into the Post-Anoxic tank. Here, it is 

mixed with highly concentrated biomass recycled from the MBR tanks, allowing for the 

removal of any remaining nitrate, thus significantly improving the quality of the discharge. 

 

The continuous supply of nitrate to the Post-Anoxic tank, combined with its very short 

hydraulic residence time (typically only one to two hours, depending on the incoming flow 

rate), ensures that anaerobic conditions—along with the associated risk of odours—are 

avoided. 

 

When extremely low nitrogen concentrations are required in the discharge, as in this case, 

the wastewater may deplete its carbon-based contaminants, which are essential for the 

bacteria to process nitrogen. To address this, a supplemental carbon source is introduced to 

the Post-Anoxic tank to support the bacteria in removing additional nitrogen. 

The recommended carbon source is 49% acetic acid, a cost-effective, safe, and natural 

chemical (essentially distilled vinegar). 

 

For phosphorus removal, Aluminium Sulphate (Alum), a commonly used water treatment 

chemical, is dosed into the Post-Anoxic tank. This precipitates phosphorus from the solution. 

The precipitated phosphorus is then removed by the MBR membranes and is ultimately 

removed from the system along with the waste sludge. 

 

 

 

MBR 

A Membrane Bioreactor (MBR) is defined by the integration of a membrane filtration system 

that separates suspended solids and microorganisms from the treated effluent. The 

membranes used in this process have a pore size smaller than that of individual bacteria, thus 

providing a physical barrier that effectively prevents bacterial contamination in the final 

effluent. 
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This physical separation mechanism is what enables MBRs to consistently deliver some of the 

highest quality treated effluent available from commercially proven wastewater treatment 

technologies. An example of a modular and containerised MBR treatment plant designed 

and built by Apex Water for Watercare Meremere is shown in Figure 16 below. 

 

 
Figure 136 - A modular and containerised MBR treatment plant designed and built by Apex Water for Watercare 

Conventional sewage treatment plants typically produce effluent containing between 1,000 

and 1,000,000 Colony Forming Units (CFU/100mL) of E. coli. In contrast, MBR systems 

commonly achieve effluent quality of less than 5 CFU/100mL, with several MBR plants 

managed by Apex Water routinely achieving undetectable bacterial levels (<1 CFU/100mL) 

without the need for additional disinfection processes. 

 

It is proposed that this treatment plant will utilise submerged hollow fibre membranes. These 

membranes are air-scoured continuously during operation to prevent fouling and maintain 

performance. Additionally, the membrane tanks operate under high dissolved oxygen 

conditions to minimise the risk of odour generation. 

 

In applications where significant nitrogen removal is required, such as in this proposal, the 

biological processes within the treatment plant can deplete the alkalinity present in the 

incoming wastewater. Without proper management through supplemental alkalinity dosing, 

a reduction in pH could occur, potentially harming the bacterial population and 

compromising the entire treatment process. 
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Biological modelling of the proposed plant indicates that, at the higher end of expected 

influent nitrogen concentrations, dosing of supplemental alkalinity is essential to maintain 

stable operational conditions. 

 

The system design therefore incorporates automated dosing of caustic soda into the 

aeration tank, with the dosing adjusted according to real-time pH measurements to ensure 

that alkalinity levels are maintained within the optimal range for biological activity. 

 

Phosphorus removal is also a key consideration, and the system is designed to actively 

reduce phosphorus to very low concentrations, which is particularly important in protecting 

the receiving environment. Phosphorus typically originates from domestic cleaning products 

and is more easily managed compared to other contaminants. A small dose of Aluminium 

Sulphate (Alum) is added to the Post-Anoxic tank to precipitate dissolved phosphorus, 

facilitating its removal via the MBR membrane system. 

 

It should be noted that the addition of Alum increases the cleaning frequency of the 

membranes, as it leads to the formation of insoluble compounds that can contribute to 

membrane fouling. 

 

UV Disinfection 

The water that passes through the membranes is subjected to ultraviolet (UV) disinfection 

prior to entering RO system. High-intensity UV light is employed to deactivate microorganisms 

in the MBR permeate, rendering them incapable of reproduction. During passage through 

the UV reactor, over 99.9% of residual bacteria and viruses are effectively neutralised in 

addition to those already removed by the membrane filters. 

 

The UV disinfection system is equipped with multiple individual lamps, failure monitoring 

capabilities, continuous online UV intensity (UVI) monitoring, and an automatic wiper system 

for maintaining the cleanliness of the lamps. Adequate clear space is provided around the 

UV unit to facilitate the easy removal and replacement of lamps and quartz sleeves. 

 

The UV system is programmed to activate 3 minutes prior to the commencement of 

discharge flow, allowing for an appropriate warm-up period, and deactivates once the flow 

ceases. A notable advantage of MBR treatment is the typically consistent flow of treated 

effluent, which ensures the UV reactor operates optimally under continuous conditions. 

 

By placing the UV before the RO system, any potential biofouling of the RO is also reduced. 
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Reverse Osmosis (RO) 

The treated wastewater that has passed through the membranes of the Membrane 

Bioreactor and UV is of sufficient quality that is suitable many forms of beneficial re-use. 

However, for discharge via the land infiltration trench, the Viridis effects based assessment 

indicates that an even higher level of treatment than this is required to mitigate effects on 

the receiving environment.  The treated wastewater is therefore passed through an RO 

membrane filter which will reduce the concentration of any remaining contaminants to 

trace levels. 

 

While the permeate stream is suitable for tertiary disinfection prior to discharge into the local 

unnamed tributary via land contact, the reject stream must be handled and discharged 

separately. This is discussed in detail below.    

 

Permeate Storage 

The treated wastewater produced by the plant is of such a high quality that it can be 

beneficially re-used at the treatment plant as process water. The inlet screens are one such 

location where this re-use can occur, as they run through an automated cleaning process 

requiring high pressure water to be sprayed internally to dislodge and clear accumulated 

solids.  

 

Solids Management 

Sludge production is a by-product of the treatment process. The activated sludge contains 

the bacteria used to facilitate the nutrient reduction processes and is recycled throughout 

the tanks as required to continuously seed the biological process. The overall process uses 

naturally occurring bacteria to convert pollution in the wastewater to water, carbon dioxide, 

nitrogen gas, and more bacteria.  As the membranes are continuously concentrating and 

recycling the solids as they separate them from the treated water, the bacteria if not 

removed accumulates in the process, eventually having a negative impact on the biological 

process. All that is required to manage this is to divert a portion of this bacteria in the form of 

a solids rich waste stream to sludge storage tanks in order to remove it from the process. 

While simple to achieve, solids management is a very important aspect in the management 

of the plants operation to ensure optimal performance. 

 

This Waste Activated Sludge (WAS) is pumped and stored in two storage tanks with a 

combined volume of 60 m3.  The sludge settles and thickens in the WAS storage tanks ahead 

of dewatering and removal.  WAS collected in these tanks will be dewatered to a 

concentration of approximately 18% solids in a decanter centrifuge in order minimise the 
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It is proposed that the RO membrane process is only used for the volume that can be 

discharged to the infiltration trench. By not using the RO membrane process for the 

remaining volume, there will be no RO reject stream, meaning the discharge of RO reject to 

land, or transportation off site, is not required. This means that the treated water that is being 

collected from the holding tanks is non-RO treated water. While the discharge of RO 

retentate to land would not be required while the RO is not utilised, it is still proposed that the 

full capacity of the irrigation zones is utilised by discharging non-RO treated wastewater to 

this location. All treated wastewater that cannot be discharged on site will be piped down to 

a holding tank at the bottom of road 1 and taken off-site by trucks 

  

By modelling the wastewater generated by Stage-1 against 10-years of rainfall data and 

comparing these volumes to the capacity for the site to receive discharges, an assessment 

of the actual volume of non-RO treated wastewater requiring removal during summer can 

be made. This can then be used to estimate the number of trucks that would be required to 

collect and remove the non-RO treated wastewater. This information is set out in Table 11.  

As this scenario is occurring during the summer months when there will generally be a 

moisture deficit in the irrigation area, there is the possibility that the non-RO treated 

wastewater could be discharged at this time.  The assessment carried out below to 

determine the sustainable rate of irrigation has considered the application of non-RO treated 

wastewater during the summer months when no RO Reject is produced. 

 

A graphical representation of this discharge pathway can be seen in Figure 19 below, with 

the final discharge location highlighted in red. 
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compensated driplines into both a wooded and densely planted bushy lots. The figures 

below show both the wooded and bush lots used for discharge at the Omaha site.  

  

 Figure 23 - Omaha Wastewater treatment plant wastewater discharge via surface mounted drip irrigation through 

both bushy and wooded areas.  

  

While the irrigation shall be spread across the 2.1Ha available, the dose of 3mm/day is 

relatively low compared to other irrigation zones with underlying soils that are able to 

assimilate larger volumes of water. As such, the physical length of the dripline required to 

achieve the maximum volumetric dose rate shall be comparatively low.  This allows for 

flexibility in the installation of the driplines. Based on the bulk dimensions of the largest 

irrigation area, it is estimated that to achieve a conservative discharge rate that the lateral 

spacing could be increased to up to 4m allowing allow for a lot of installation flexibility. 

 

Irrigation Installation 

The installation of the surface drip irrigation line shall be carried out in both newly developed 

and earth worked areas, as well as in existing bush. Where the driplines are to be installed 

through newly developed areas, this work shall be coordinated with landscaping.  

 

In the areas covered in existing bush, it is proposed that the drip line installation will occur 

during weed clearing activities. Each drip line lateral shall be laid through the existing bush 
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with foliage and debris on the ground in the location of the lateral to be removed by hand. 

Where established and native planting exists, the lateral shall be routed to avoid this.  As the 

lateral is being pulled into position it shall be pinned into the soil using stainless steel pins. 

These pins shall extend deep enough into the underlying soils that the dripline shall be tightly 

held in position. The installation shall conform with Auckland Council documentation in 

its draft guidance for the on-site wastewater management in the Auckland region. 

The pressure compensating driplines proposed for the irrigation zone shall be ‘..placed on, 

and pinned to, the ground surface within areas of established trees, or other vegetation, and 

covered with leaf fall or mulch where practicable.’  This approach will limit 

any minor damage to native vegetation to that which would normally be unavoidable 

during required weed clearing activities.  

  

Impacts of Staging on Treated Wastewater Discharges 

As previously detailed, during the summer months, approximately 60% of the treated 

wastewater, as non-RO treated wastewater will need to be removed from the treatment 

plant site. This conclusion has been drawn when modelling the impact of the full 475 lots that 

are to be covered by the proposed stage-1 treatment plant.  

 

As the development will be staged, the completion and occupation of housing shall occur 

over a number of years.  During the initial years, when there are few occupied houses the 

volume of treated wastewater will be low.  Modelling carried out has determined that the 

site can accommodate 101.5m3/day of treated wastewater discharges during the summer 

low-flow months. This is split between 38.5m3/day to the land infiltration trench and 63m3/day 

to the irrigation zones. This means that as modelled no treated wastewater will need to be 

removed from the site until the average dry weather flowrate exceeds 101.5m3/day. This is 

the equivalent of 187 residential lots. 

 

 

Discharge of emerging contaminants  

In recent years, there has been an increased focus on a new set of contaminants that are 

often being found in natural waters and the broader environment. These contaminants often 

found in person care products, pharmaceuticals and everyday items are largely recognised 

as the environmental pollutants of the future, with many already being found at levels of 

concern. This broad range of pollutants covering microplastics through pharmaceuticals are 

recognised as pollutants due to their potentially toxic effects at low concentrations. 

 

While trade waste bylaws control industrial sources of discharge into the environment, 

sources which enter the environment via consumer products have traditionally been 
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overlooked. Due to the low concentration at which effects can be observed the focus is now 

shifting to include not only industrial discharges, but also via the personal use of products 

containing pharmaceuticals, shampoos, sunscreens, cosmetics and detergents. 

 

Some traditional wastewater treatment processes can perform poorly at the removal of 

CECs, allowing these to pass through the process and into the discharge. However, the 

MABR-MBR at the centre of the Delmore wastewater treatment plant provides an effective 

barrier against a broad range of emerging contaminants. This is supported by Kwon and 

Lee’s study into the removal of contaminants of emerging concern (CEC) through 

membrane bioreactors. Kwon and Lee’s study carried out by Incheon National University 

showed that removal rates of CECs such as acetaminophen, ibuprofen, Diclofenac, 

ofloxacin, estriol, erythromycin and caffeine ranged from 90 to greater than 99% in 

membrane bioreactor systems, with many other CECs being removed at rates of 50-90% 

(Yongbum Kwon, 2019).  
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scrubber. The carbon scrubber offers reliability and well demonstrated performance without 

onerous operational requirements in a simple treatment process. A review of odour sources 

has been carried out by Air Matters and can be found in documentation supporting this 

application. 

 

 

 

The commissioning of biological nutrient reduction processes can be complex and requires 

technical oversight by persons experienced in both their design and operation. As the core 

nutrient reduction process is biologically driven, a sufficient concentration of biomass 

(bacteria) must be available to consume available contaminants within the raw water.  

The proposed wastewater treatment plant will need to be made available to receive waste 

upon the connection and completion of the first properties within the development site. The 

generation of sufficient biomass to sustain the treatment process during the early stages of 

the development when few houses are complete and occupied will require a significant 

amount of operation oversight by Apex Water. Apex’s experience indicates that for a 

seeded and supplementary fed biological treatment process, the time required to develop 

sufficient biomass is typically up-to, and at times greater than 2 months post the receipt of 

wastewater, contingent on a number of conditions. 

 

Biomass within wastewater treatment processes thrives and grows when subjected to optimal 

conditions, when these are upset the biology can underperform, become stressed and 

ultimately fail at removing nutrients from the wastewater. During the early stages of the 

development when there are few connections to the sewer network it is common for 

wastewater strengths to be lower in concentration. Low concentration waste and variable 

influent volumes can make the removal of contaminants more difficult due to there being 

sub-optimal conditions to support the bacteria required for nutrient reduction. During 

commissioning, operational intervention will be carried out to ensure the correct conditions 

are maintained to support healthy biomass and promote further growth. Some of the factors 

which can influence the health of the biomass are outlined below: 

 

- Insufficient food (carbon-based contaminants in wastewater) available in the raw 

wastewater to sustain existing biomass and allow for growth 

- Too much food available in the raw wastewater for the concentration of biomass 

available 

- Insufficient alkalinity to support the required nutrient reduction levels 

- Insufficient concentration of dissolved oxygen to support biological processes 

- Biomass average residence time within the system is too high 

OPERATION INTO SERVICE 
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- Biomass average residence time within the system is too low 

As biomass growth and nutrient removal is dependent on wastewater being fed as a food 

source to the bacteria in the plant, the wastewater treatment plant cannot be fully 

biologically commissioned prior to receipt of first waste.  To facilitate the completion and final 

sign-off of dwellings within the development, the treatment facility will be physically 

complete and able to receive wastewater with functionality testing sufficiently advanced to 

render to plant suitable to receive waste and begin developing biomass. Once sufficient 

waste is received, the automation sequences will be commissioned followed by tuning of the 

treatment parameters to optimize the treatment process. As the plant is sized to receive the 

wastewater from the stage-1 portion of the development, it is noteworthy that during the 

early stages the physical capacity of the plant will be grossly decoupled from the volume of 

waste produced. This allows for a large capacity for flow buffering. The Balance Tank 

proposed has sufficient capacity to buffer wastewater inflows for an extended period. This 

large volume allows for a large contingency in the time required to ensure biological 

commissioning and biomass growth processes are complete while the plant is receiving 

some incoming wastewater. 

 

Although Apex’s experience indicates that this may not be an issue, maintaining a suitable 

dissolved oxygen concentration within the raw accumulated wastewater will be required to 

ensure the development of anaerobic conditions and possible generation of foul odour is 

mitigated. To support this, the aeration system and odour control system will be key systems 

that will be functionality tested online prior to biological commissioning commences. 

Provision will also be available for removal of raw waste for disposal at a third-party 

treatment facility during the commissioning period. 

 

 

To review the design basis and potential for offsite effects, a qualitative risk assessment has 

been carried out covering the relevant items detailed in this report where there is potential 

for offsite effects. The risk assessment has been carried out by applying a qualitative rating to 

the frequency (likelihood) of the event occurring and the consequence (severity) of impacts 

if the event were to occur. The likelihood and consequence ratings consider the controls 

(mitigation and management measures) that will be in place. 

 

The qualitative likelihood and effects ratings are described in Table 21and Table 22, 

respectively. 

 
 
 
 

RISK REGISTER 
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The wastewater treatment facilities are to be located within a compound surrounded by 

security fencing to exclude non-operational personnel. The site shall allow provision for all 

access requirements from operational vehicles and personnel for servicing the facility.   The 

following sections of the report cover the visual aspects of the site, make-up of the 

compound and details on the main structures to be located on the site.

PROPOSED SITE LAYOUT  
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Visual Renders 

Renders of the proposed wastewater treatment plant and the associated structures can be seen in Figures 25 through 26 below. 

 

 
 Figure 25 - Visual Render of the Proposed Delmore WwTP 
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Figure 26 - Visual Render of the Proposed Delmore WwTP 
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Plant Structures 

Wastewater Treatment Plant Building 

In the context of the broader development, and the proximity of the proposed treatment 

plant to residential lots, noisy equipment shall be located within the treatment plant building 

which shall be constructed of material appropriate to the required level of noise attenuation.  

Alongside the key items of process equipment located within the treatment plant building, 

general site facilities such as the control room, toilets, and other site amenities shall be 

housed with separate partitions within the building. The general configuration of the 

proposed wastewater treatment plant building can be seen below in Figure 27. 

 

 
Figure 27 - Wastewater Treatment Plant Building  

 













 

 

 

89 

 

 

Other Structures  

The site comprises of a number of other ancillary features which do not make up the 

treatment process, but service it and the site. These include: 

 

• The overall site apron generally consisting of an impermeable surface providing 

vehicle access, parking and housing stormwater diversion and handling. 

• The chemical load out bay, an area separated from the overall site’s stormwater 

system consisting of an impermeable surface constructed to allow for deliveries of the 

chemicals used within the treatment process while minimizing any risk to the 

environment or personnel from spills. 

• Waste Activated Sludge (WAS) tanks, consisting of two up-to 30m3 polyethylene tanks 

used for the settling of WAS which is a biproduct of the treatment process.  

• Treated Wastewater (Permeate) storage tanks, consisting of two up-to 30m3 

polyethylene tank used for the storage of permeate prior to discharge. 

• Chemical storage tanks – consisting of two high density polyethylene storage tanks 

up-to 10m3 in volume. These two tanks will hold Sodium hydroxide and Acetic acid 

required in the treatment process. 

• Intermediate Bulk Storage Bunds, consisting of 6no. relocatable covered bunds, used 

for the storage of bulk packaged chemicals which are delivered in 1000L containers. 

These chemicals include, Aluminium Sulphate, Sodium hypochlorite and Citric acid.  

• A permeate tank for the storage and handling of permeate produced from the 

process for buffering periods where irrigation or re-use demand in low and allowing 

this stream to be discharged later. This tank has been sized to hold 1,000m3. 

• Odour scrubber tanks and equipment typically consisting of a carbon vessel and vent 

stack used to draw-off and treat air from potentially odour generating areas in the 

process.  
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Conclusions and Recommendations 
The Delmore land development consists of some 109 hectares of greenfield land in the 

Wainui-Orewa area and upon completion shall provide approximately 1250 new residential 

lots and dwellings. To deal with the risk of an infrastructure deficit in the local public 

wastewater network, Vineway Ltd is seeking that its resource consent approvals provide for 

private wastewater treatment and discharge facilities to be constructed if the need arises 

and until such a time that a public wastewater connection is made available to the site. 

 

Apex Water have been engaged by Vineway to carry out design for the purpose of 

consenting, including an options assessment, biological modelling and the determination of 

key parameters of a proposed wastewater treatment plant to service the future 

development. 

 

Through the assessment of different treatment plant options, Apex Water recommends the 

following: 

 

- The proposed treatment plant consists of a hybrid modular 4-stage Bardenpho 

activated sludge treatment process, including a Membrane Aerated Biofilm Reactor, 

and Hollow Fibre Ultra-filtration membranes. The permeate produced can then be 

further treated via Reverse Osmosis membranes to produce exceptionally high-quality 

permeate that in many regards is better than drinking water quality.  

 

- The treatment plant is designed such that it is partially modular, and its capacity can 

be increased as the development grows, with options to serve the full capacity of the 

development. 

 

- Discharges of treated wastewater from the facility shall take a land first approach, 

making use of available land to preferentially receive discharges. Where the capacity 

of the land to receive flows from the plant is exceeded by the plant’s capacity, the 

balance shall be directed to a land infiltration trench or (subject to commercial 

agreement) to the Army Bay treatment plant during off-peak periods. 

 

- The resulting treated wastewater quality is expected to be of the highest quality of 

any treated sewage in New Zealand. 
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In this scenario, the wastewater generated in stage-1 of the development is directed via a 

low-pressure sewer network to the plant compound. From here, the raw sewage is screened 

to remove bulk solids before transferring to a bulk storage tank. The bulk screened sewage 

will then be transported from the site in road tankers to be disposed of at an appropriate 

facility.  

 

Screening the sewage is an important step as the removal of bulk solids shall make the 

wastewater suitable for transport in larger volumes than would be suitable for solid laden 

unscreened wastewater. 

 

Site Infrastructure 

The infrastructure required to store and load out raw wastewater requires some of the 

elements that make up the wastewater treatment plant however it does not require the 

treatment process at the core of the Scenario 1 proposal. By removing the treatment 

process, the infrastructure becomes centred around maintaining sufficient storage space 

and providing screening to remove bulk inorganic solids such that the raw sewage can be 

easily handled, as well as minimising the possibility of any offsite effects. 

 

Inlet Screens 

The raw wastewater that is conveyed to the treatment plant is first passed through the inlet 

screens. The inlet screens proposed for this purpose are equivalent to those described in 

detail under Scenario 1; however, their main purpose is to remove bulk solids from the 

wastewater received.   

 

For a membrane bioreactor such as that covered by Scenario 1, the inlet screens serve a 

critical task of removing nonorganic material (rubber gloves, textiles, hard items. plastics etc) 

to protect critical downstream infrastructure from damage. For a raw sewage storage and 

load out facility such as that proposed in this scenario, the screens shall protect the 

downstream storage and load out infrastructure while also making the wastewater more 

suitable for transport in conventional higher volume road tankers, such as that shown in 

Figure 33, below. 

 

SCENARIO 2 – REMOVAL OF RAW WASTEWATER FROM SITE 
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Figure 33 – A large truck and trailer tanker unit, as used by Fonterra to transport milk. These can hold up to 28.8m3 

 

Vacuum trucks which are often used for the handling and transport of raw sewage are well 

suited to solid laden liquid materials, however they generally are only capable of storing and 

transporting smaller volumes. To optimise the load out and transport process, it is proposed 

that the screened wastewater is transported in 28m3 road tankers. Generally, these trucks are 

not designed for the transport of solid laden liquid waste. As such, it is proposed that the raw 

wastewater is screened with any bulk solids being collected in skip bins for removal from site 

as a solid waste. A vacuum truck, such as that used to collect raw sewage is shown in Figure 

34, below. 

 

 
Figure 34 – A vacuum truck emptying a manhole 

 

Screened Wastewater Tanks 
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A tank of up-to 1,000m3 tank shall hold the screened wastewater for removal from the site by 

truck. The tank is sized to accommodate peak flows with allowance for accumulating flows 

should operation require that some peak flows are accumulated.  This tank shall be 

connected to the odour control system, meaning the air sitting in the head space of the tank 

will be continually abstracted through the odour control system. 

 

Tanker Load Out 

The stored wastewater shall be made available to road tankers for collection and removal 

from site. To convey the screened wastewater under pressure for collection, a pressurised 

pipe shall connect the stored wastewater to the tanker load out site. An example of the load 

out kiosk designed for the filling of road tankers with potable water is shown in Figure 35 

below. 

 

 
Figure 35 – A tanker load out kiosk, as used for the filling of potable water into tanks. 

 

The system shall be configured such that tanker drivers can automatically collect screened 

wastewater from the load out site without requiring input from a third party. Appropriate 

security controls shall be provided for at the load out location and the system shall be 

monitored by the site’s control system.  

 

Odour Control 

Similarly to scenario 1, the storage of screened wastewater on the site presents the risk that 

offensive odours are generated and discharged from the site. The generation of odorous 

conditions from sewage occurs when organic material begins to decompose under 

anaerobic conditions.  To mitigate the impact of any discharges, it is proposed that the air in 

the head space of the screens, the screens building, the screened sewage tank and any 

other areas that could produce offensive odours are continuously abstracted and passed 
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through an odour control unit for treatment prior before being discharged from the 

treatment plant site. This is further addressed in the Air Discharge Assessment prepared by Air 

Matters.  

 

Following the technology selection principles followed under Scenario 1 of the report, an 

impregnated carbon scrubber shall be used to scrub the extracted air of any fugitive odours. 

 

Proposed Site Layout 

The proposed site layout covering the Scenario 2 infrastructure, including the water 

treatment plant can be seen in Figure 36, below.
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Visual Renders 

A visual render of the proposed scenario 2 wastewater storage and load out site can be seen in Figure 38, below: 

t  

Figure 38 – A visual render of the scenario 2  building, tank and odour scrubber
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Options Assessment  

Turbidity and UV transmittance (UVT) of the bore water is unknown. It is assumed that UVT will 

be mid to high range (93- 97%), and turbidity will be low to mid-range (< 1 – 5 NTU). Direct 

filtration is ideal for the low turbidity and reasonably constant raw water quality we expect 

at Delmore.  

 

A method of filtration will be required to remove the residual inert solids, silt, clay, bacteria, 

aquatic organisms (primarily protozoan cysts), and insoluble metals that are present in the 

water and require reduction in concentration.  Our experience indicates that cartridge 

filtration can be considered for raw waters within the turbidity range of < 1 NTU and colour to 

5 to 10 units, while multi-media filtration can be considered for raw waters within the turbidity 

range of 5 – 10 NTU and colour to 20 to 40 units. Higher values (say 15 NTU) can be tolerated 

for short periods, but filter runs between backwashes will become shorter.   

 

Both options for direct filtration have been assessed in the following sections. UV disinfection 

will be used as the core treatment process with either filtration option, these are discussed 

further below.  

 

Cartridge Filtration  

Cartridge filters are comprised of a housing typically containing multiple cartridges that are 

made of a pleated material.  Raw water is passed through the cartridges from the inside to 

the outside, removing particulate impurities by trapping them on the outside of the pleats as 

they pass through. Pressure differential is measured across the filter to monitor the 

accumulation of contaminants on the cartridge. When a setpoint differential pressure across 

the cartridges has been reached an operator is alerted that a change out is required. 

Cartridges cannot be regenerated with cleaning like other types of filters, so when the 

pressure differential setpoint is reached, the cartridges must be replaced.  
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Figure 42: Duty / standby cartridge filter units (Motueka WTP)  

 

Cartridge filters provide a polishing function as opposed to a filtration 

function. Consequently, cartridge filters cannot be used when there is high turbidity loading 

in the raw water (i.e. raw water above 0.5 NTU). The raw water solids will blind the cartridge 

filters, obstruct flow and necessitating replacement at a frequency that is uneconomical. If 

the raw water turbidity is above 5 NTU, cartridge filter blinding will occur within a matter of 

minutes. Cartridge filters are disposable and replacement of them is manual, leading to a 

very expensive and time-consuming solution if solids removal is required.  

 

Multi-Media Filtration  

Multi-media filters remove particulate impurities by passing conditioned raw water through 

beds of porous media of differing particle sizes. Filtration removes the fine floc developed in 

the conditioning step, to practically 100% capture. The raw water delivered to the filters is first 

treated by a process called raw water conditioning, in which chemicals are added, with 

enough time to react, prior to filtration. An acid and a coagulant/flocculant are added into 

an inline static mixer, to create the rapid mixing energy and uniform chemical 

distribution required for adequate pH control and coagulation prior to the flocculation.   

To prevent overdosing of any chemicals, highly accurate peristaltic dosing pumps are used 

which are flow paced to achieve a consistent chemical dose in proportion to the flow of raw 

water, with trim from a probe or analyser. Jar testing is used to determine an 

optimal coagulant/flocculant dose rate.  
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Figure 43: Horizontal multi-media filters (Braemar Springs WTP)  

 

Pressure differential is measured across the media to determine filter media clogging (as well 

as filters being taken out of service for backwashing or maintenance, or variations in the 

plant flow). A typical filter cycle consists of raw water filtered through the dual media until a 

backwash sequence is initiated, under the following scenarios: Filter run time; Filter inlet and 

outlet pressure differential; High turbidity on outlet or manually (from the SCADA screen). Two 

multimedia pressure filters will be required with sufficient air scour, backwash and forward 

flush systems, as per Figure 43 (below):  

 
Figure 44: Multi-media filter process flow  

 

The filters are typically backwashed once a day or if high pressure differential or high turbidity 

is detected (as above), with only one filter backwashed at one time due to the flow of 
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treated water required and wastewater produced. The backwash sequence can vary but is 

typically: Filtration → Drain down → Air scour, then a pause → Backwash, then a 

pause → Filter to Waste (Ripening) → Back to Filtration.  

 

• Drain Down – Decreases loading on the filter bed and allows for bed fluidisation.   

• Air Scouring – Breaks up the surface scum and loosens dirt from the surface of the 

grains. 

• Backwashing – At a suitable flow and velocity, this allows the media bed to expand 

and fluidise. Fluidising the media bed increases the interstitial space between the 

individual media grains allowing them to rotate adjacent to one another resulting in 

an abrasive effect and the removal of accumulated solids.  

• Ripening – This ensures that any retained material sitting loose within the filter media is 

removed and sent to waste before the filter returns to operation.   

 

A key limitation of multi-media filters is the generation of dirty backwash water. This reduces 

the net yield of treated water and produces a waste stream requiring appropriate 

management and discharge. It is planned to capture the dirty backwash water along with 

analyser drains and other waste streams from the WTP in a sump and pump it to the WWTP.  

 

Ultraviolet Light Disinfection  

The main unit process of the water treatment plant will be ultraviolet (UV) disinfection. It 

addresses both bacterial and 4.0 log protozoal treatment requirements. The term 4.0 log 

refers to logarithmic reduction of protozoa and is used in water treatment to represent an 

order of magnitude removal of contaminants (4-Log = 99.99% reduction).  Immersed in water 

within a protective sleeve, the UV lamps emit UV radiation to inactivate micro-organisms by 

damaging the organism’s DNA, therefore rendering to unable to reproduce and infect. It 

should be noted that inactivated micro-organisms (and other particles) are not removed 

from the water by UV disinfection.   

 

The UV’s effectiveness, or reduction equivalent dose, is determined by the combination 

of radiation intensity and time of exposure. A key factor in the radiation intensity received by 

the water is the UV transmittance (UVT) of the water, a measure of how much UV is absorbed 

by the water as UV waves pass through it. The lower the UV transmittance, the more UV light 

is required to achieve the same dose. The UV reactors are validated using the USEPA UV 

disinfection guidance manual and each UV will provide a reduction equivalent dose of 

40 mJ/cm², operating as duty / standby.  Each unit has a dedicated local control panel, 

measuring UV intensity (UVI) and providing information regarding the system’s running 

condition (i.e. wipers running, warning alarms and critical alarms).  
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UVT and flowrate are set in the UV’s controller to calculate the UV dose to be applied. The 

power output to the UV lamps is changed based on internal UVI reading to ensure the 

dose remains above 40 mJ/cm².  

 

To ensure compliance is met, the following sampling is continuously monitored:  

 

• Turbidity of the water entering the UV reactor  

• UVT of the water entering or existing the UV reactor  

  
Figure 45: Duty / standby UV disinfection units (Karaka Village North WTP)  

 

Water Treatment Summary   

The suitability of each method of direct filtration has been assessed, and either option can 

be employed with UV disinfection as the core treatment process to effectively 

remove particulate impurities and provide disinfection. The infrastructure provided for in this 

design report, shall allow provision for either method of direction filtration to be adopted 

if required while working within the structures and building footprint provided.  
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1. Emergency Response Plan 
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2. Environmental Management Plan 
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3. Odour Operations and Maintenance Manual 
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4. Operations and Maintenance Plan 
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5. OPEX Estimates 

 

A model of the operational expenditure has been developed covering the scenario 1 

wastewater treatment plant and a direct filtration water treatment plant. It is expected that 

the annual cost to operate the treatment plant will be approximately $500,000/year. 

 

This model considers only direct costs associated with the operation of the two treatment 

plants, including labour, power, chemical, removal of solid waste streams and some quality 

assurance related to the testing of the discharged wastewater and testing required by the 

Drinking Water Standards for New Zealand. 

 

Some of the items not considered in the model include: 

 

- Operator’s margin 

- Third party technical support 

- Other related consent condition compliance items (i.e environmental monitoring) 

- Lines fees 

- Operational auditing and oversight (Director’s fees) 

- Maintenance of a system for the processing and issuing of invoices for drinking water 

supply and wastewater treatment 

- Insurances 

- Equipment replacement 

- Any funding towards the renewal of the infrastructure at the end of its functional life 

 

       

 Direct Cost 

Cumulative 
houses  

Labour ($/yr) 
Cost Power WTP 

($/yr) 
Cost Power 

WWTP ($/yr) 
Chemicals ($/yr) Misc ($/yr) Total ($/yr) 

475  $165,595.18   $57,452.73   $100,872.70   $80,054.74   $101,000.00   $ 504,975.35  

 




