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INTRODUCTION 
Across New Zealand, a drive to improve the qual ity of treated eff luent discharge from 
small  treatment plants has attracted signif icant community investment – and 
created many technical  challenges.  

At the Paihia Wastewater Treatment Plant (WWTP) in the Bay of Is lands, a recent 
upgrade resulted from a shared desire to improve the qual ity of water entering the 
habitat of  the endangered Northland Mudfish (Waikaka) in the cultural ly signif icant 
Waitangi Wetlands.  

Paihia WWTP is an essential community facility owned and operated by the Far North District Council 
(FNDC), serving people and businesses across Paihia, Waitangi, Haruru and Opua. 

The project faced land ownership, spatial, and affordability constraints, plus challenges around the 
availability of specialist technology to achieve exceptionally high compliance standards for ammonia.  
FNDC, WSP, and Marshall Projects combined forces to deliver an innovative solution that incorporates 
adopted technologies.  

This flagship project demonstrates a sustainable and affordable approach to upgrading WWTPs across 
New Zealand. 

The existing 1980s pond system was achieving 40mg/l ammonia in the effluent, with a conventional 
upgrade priced at $25M to achieve the challenging 2mg/l ammonia consent quality. Instead, using 
innovative US-developed ‘Bioshell®’ technology, our team achieved this standard – plus other quality 
improvements – for $6.5M. 

This project is a worthy IPWEA Innovation award contender, achieving: 

• Innovation in procurement. 
• Minimal ammonia in the effluent. 
• New Zealand’s first Bioshell® installation. 
• Reuse of an existing pond system. 
• A saving of over $18M for the community. 

• Community buy-in. 
• Engagement with Ngāti Kawa. 
• Delivery two months ahead of 

programme. 
• Delivery in very limited land area. 

 

 
Image 1: Aerial view showing generator, blowers and air manifold 
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PLANNING 
PROJECT BACKGROUND 
The Paihia WWTP was originally constructed in the 1980s as a traditional New Zealand wastewater 
treatment pond system in an isolated spot in the Waitangi Forest. Treated effluent from these ponds 
discharges into the local stream and from there into the culturally significant Waitangi Wetland, home 
to the endangered Northland Mudfish (Waikaka), a Māori taonga. 

To protect the wetland’s cultural and ecological qualities, a resource consent requirement was 
included to maintain stringent ammonia and total nitrogen standards for the discharge. These 
standards are much stricter than what’s possible to achieve with conventional pond design. This was a 
key challenge that required WSP’s project delivery team to think laterally to resolve. 

Several technical options were considered, including conversion to an activated sludge plant, in-pond 
treatment with aquamats, construction of a new treatment plant, tertiary nitrifying treatment (a trial 
gave inconclusive results), and floating wetlands (which had insufficient local track record at the time 
of evaluation). 

The decision to remain on the current site was determined using an MCA in 2017. This meant many 
options were quickly ruled out because the upgraded plant footprint would be too large. 

SITE CONSTRAINTS 
The site is bounded by natural wetlands and two drains that feed into the local stream network, 
leaving limited space beyond the ponds for construction. Expansion to the east and south would 
impact on wetland areas, to the north, west and east impact on forestry land, and in some directions 
archaeological sites are also present. In addition, vehicle access is restricted due to narrow site tracks 
and working forestry land. 

The land is currently licensed by FNDC through LINZ from the Crown, with forestry rights licenced and 
managed by other stakeholders. Waitangi Forest ownership is still being resolved under the Treaty 
Settlement. All parties have been reluctant to release additional land for the WWTP, leading to project 
delays and doubts about the long-term future of the plant.  

The nearest power lines for the site are over three kilometres away, and a power upgrade was quoted 
at over $700,000. A new treatment works was estimated at approximately $25million. Neither of these 
were affordable options for the community. 

SOLUTION 
Marshall Projects proposed an innovative in-pond system. WSP 
evaluated the technology, functionality and risks before working 
with FNDC/Marshall Projects to develop the solution.  

The solution had to fit existing site boundaries, have self-contained 
power, and be affordable. The US-based Wastewater Compliance 
Systems technology, distributed in New Zealand by Marshall 
Projects, supports beneficial treatment bacteria on plastic media 
within a plastic shell.  

Some 553 Bioshells® were installed in the existing pond, providing 
ammonia removal up to 120kg/day. Arranged in rows for easy 
installation and maintenance, each shell is fed air from a common 
manifold by a duty air blower.  

Power for the blower and existing aerators comes from an on-site 
generator which also supports system controls and telemetry 
without additional buildings.  

Successes: 

• Treatment and power generation fits within the existing site 
footprint. 

• Compliance with unusually stringent ammonia standards. 

Image 2: Bioshells® heading to site 



IPWEA NZ ANNUAL EXCELLENCE AWARDS 2021 | WSP | P a g e  | 3  

EXCELLENCE & INNOVATION 
THE NEED FOR WASTEWATER INNOVATION 
Across New Zealand, water quality in streams, lakes, estuaries and groundwater is increasingly being 
undermined by excessive nutrient levels. Some nutrients originate from agricultural practices, but 
domestic and commercial wastewater all play a part. During the 1980s, the Pond Treatment System 
offered significant improvement on the earlier preference for releasing untreated sewage directly 
into our waterways.  

Today, pond-based solutions are limited and unable to achieve increasingly high standards for 
environmental/cultural protection, and drinking/swimming/irrigation water quality. As the 
population increases, so too does the load on and flow through these plants, resulting in lower 
performance and quality. With over 50% of all New Zealand’s domestic wastewater treatment plants 
being a type of Pond Treatment System unable to keep up with increasing standards, the need for 
innovation is great. 

For many, meeting modern standards means a multimillion-dollar treatment plant, lots of concrete, 
high energy costs, and lots of sludge disposed to landfill. This is typically unaffordable for small 
communities – which in turn drives innovation to achieve sustainable solutions with nutrient removal 
based on existing assets at an affordable price. 

INNOVATION ENCOURAGED 
The Paihia WWTP constraints (reusing existing assets, limited footprint, and low affordability) are 
common in New Zealand communities. Conventional technology available commercially was 
unable to provide a solution to these constraints and challenges while reducing nutrient levels in an 
existing pond system. Some innovative in pond systems were considered, but were not proven to 
achieve the level of ammonia removal required and consistency needed. 

FNDC made the decision to encourage innovation from the supply chain to get the best value 
solution. To achieve this, the project was open tendered with a non-prescriptive specification, with 
clear outcomes and sufficient flexibility to consider something different. 

The chosen approach demonstrated excellence in procurement, encouraging supplier innovation 
using targeted requirements that allowed alternatives to meet the challenge. The specification 
included desired project outcomes, core general standards for materials, asset life, electrical and 
control systems, but did not identify a specific solution. 

INNOVATIVE SOLUTION AND DEMONSTRATED BENEFITS 
Several project-specific innovations have been demonstrated at Paihia WWTP, and are applicable 
across New Zealand:  

• The Paihia Bioshell® installation is the largest Bioshell® system outside of the USA, and the 
only installation that removes ammonia outside of Utah and Montana. Application of 
technology developed in similar conditions and challenges in the USA to a New Zealand 
project has provided a range of benefits. 

• Bioshells® have demonstrated a reduction of ammonia from the WWTP from the 2015-2019 
average of 40 mg/l to <2 mg/l. Data from the monitoring of the plant is provided in Appendix B. 

• Performance improvement overview: 
Parameter % Improvement 

Ammonia 92% 

Total Nitrogen 37% 

Biological Oxygen Demand 67% 

Suspended Solids 70% 

E. coli 90% 

• Low power usage: 50% less power required than a conventional treatment plant. 
• Use of modern screw type blowers give greater energy efficiency. 
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• Very low concrete usage 
• Compact plant 
• Minimum control infrastructure required 
• Ease of maintenance 
• Innovative use of floating hexacovers. A first for New Zealand, these serve to reduce sunlight 

and limit algae growth in the last section of the pond system, and have been demonstrated to 
lower suspended solids in the effluent. 

• Improved total nitrogen removal by 37%. 
 

INNOVATION IN DELIVERY AND INSTALLATION 
Although Marshall Projects have fabrication facilities in New Zealand, the prospect of over 60 trucks 
delivering the units to Paihia from Invercargill was undesirable, from both an environmental and 
economic standpoint. By procuring concrete bases and fabricating the units locally, using locally 
sourced labour significantly reduced equipment lead time and project costs, and enabled 
production of the Bioshells® to match the installation. This innovative approach avoided the need to 
stockpile and store large numbers on a space limited site. 

Installation of the Bioshells® also required innovation. As the Bioshells® had to be installed up to 
110m from the only possible crane location, a nonconventional solution was needed in such a limited 
space. This was achieved through an innovative barge design: incorporating a twin hull and lifting 
system allowing shells to be lowered in place in lines across the pond. This approach significantly 
reduced the cost of installation, but also ensured safety through delivery and installation. 

 
Image 3: Bioshells® being installed using a barge.                           Image 4: Bioshell® production at Haruru
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STAKEHOLDER ENGAGEMENT 
The local community and iwi, Ngati Rahiri, and Ngāti kawa were consulted during the resource 
consent application. This resulted in conditions of consent providing robust protection to the 
Waitangi Wetland habitat of the Northland Mudfish. The discharge is also a concern to Ngati Rahiri 
who have custodianship of the lower stream and wetlands. 

A major constraint identified in the development of the project was the availability of land at the site. 
At the time of project development, when options were being considered, the surrounding forestry 
was managed by Land Information New Zealand (LINZ), operated by China Forestry and PF Olsen, 
with interest from DOC and local iwi. Consultation was held with each party on the possibility of an 
expansion of the site to accommodate additional treatment. However, land ownership was being 
contested at the time under the Treaty Settlement, so no agreement was possible. This constraint of 
fitting all treatment on the existing site footprint led to the development of the solution adopted. 

FNDCs Project Manager, Bill Down, chaired a meeting of all land stakeholders; Ngāti kawa, LINZ, 
DOC, China Forestry, PF Olsen and Northland Regional Council, and discussed the needs of the 
project and the land. Agreement was achieved on an increase in the site footprint that allowed 
additional land for installation and maintenance at the North End of the Pond. 

During delivery of the project regular briefing sessions were held between FNDC and the Ngāti kawa 
Iwi representatives, ensuring concerns were discussed and addressed before escalating. WSP 
supported FNDC addressing technical queries. 

Once construction was complete, iwi representatives were invited on a tour of the site by FNDC and 
provided positive feedback on the outcomes achieved and the benefits to the local environment. 
Engagement with the Ngāti kawa iwi through this project has strengthened their relationship with 
FNDC and achieved mutually agreed outcomes for the project. It was agreed that a parcel of 
additional land is now available to facilitate maintenance, and also the iwi views on use of chemicals 
has been respected. 

During the commissioning and testing phase of the project a short fall in alkalinity has been 
identified, meaning at times there is insufficient alkalinity to allow full removal of ammonia. A trial of 
manual dosing of alkalinity using sodium bicarbonate (baking soda) improved the ammonia removal 
and plans were made to use chemicals long term. 

Consultation with the Ngāti kawa iwi regarding the use of chemicals raised concerns on the use and 
storage of chemicals on the site. These included risks associated with transport to the remote site 
and any potential leak or spill in the local aquatic environment. To address these concerns the 
chemical dosing system will be carried out at the terminal pump station, where risk is lower. 
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COMMUNITY & ECONOMIC CONTRIBUTION 
COMMUNITY BENEFITS 
The local communities of Paihia and Kerikeri have benefited from the upgrade of the WWTP in 
several respects: 

• Improved effluent quality protecting the local environment. 
• Long term sustainable solution, suitable for future growth. 
• Protection of the threatened Northland Mudfish population downstream of the discharge. 
• Affordable plant upgrade. 

During project delivery, Marshall Projects supported the local community by employing over 20 
additional local Northland staff to carry out workshop fabrication, site labour, electrical services, and 
mechanical installation. One locally sourced employee is now a permanent member of staff with 
Marshall Projects. 

Project installation on site commenced in July 2019, with full installation and commissioning 
completed by mid-February 2020. This short project delivery time and smaller scale project than the 
alternative full treatment plant, was delivered with a programme reduction of one year, minimising 
impact and disruption on the community. 

The improvement to water quality supports the tangata whenua’s efforts to regenerating the 
connecting and surrounding waterways and wetland environment throughout the Waitangi forest. 

ARCHAEOLOGY 
The archaeology of the site was considered in the location of treatment options. To the north and 
east of the plant there are a number of known archaeological sites, historically occupied by Māori 
and Europeans. This influenced the exclusion of these areas from possible plant expansion. 

ECONOMIC BENEFITS 
The Paihia WWTP upgrade was completed for $6.5M. The estimated capital cost to upgrade it to a 
completely new wastewater treatment plant in the area was $25M. Using the innovative Bioshell® 
system a capital saving of over $18M has been achieved, resulting in lower rates increases for the 
local community. In addition, by not constructing a large new plant, and retaining the low-tech pond 
system, the operational costs have been substantially reduced. Approximate estimates of <50% 
energy usage, <50% operational time, <30% mechanical and electrical maintenance have been 
achieved with this solution, bringing long term operational cost savings. 

By increasing the treatment capacity of the WWTP, further catchment growth can occur in the 
Paihia, Waitangi, Opua and Haruru communities, particularly focused on tourism. This will enable the 
tourism industry in the Bay of Islands to grow further and bring essential revenue to Northland. 

 



IPWEA NZ ANNUAL EXCELLENCE AWARDS 2021 | WSP | P a g e  | 7  

PROJECT (BUSINESS) SUSTAINABILITY 
Principal concerns identified by the local community during the resource consent application 
process in relation to the Paihia WWTP upgrade included the required water quality standard to 
protect the habitat of the Northland Mudfish and maintain high water quality in the local streams. 
The community also required this to be delivered in an affordable manner. 

The outcomes achieved from this innovative project include: 

• Expectations for effluent quality exceeded, with improvements to not only ammonia, but all 
other consented parameters. 

• Lowering of ammonia and other nutrient loading to the aquatic environment, of benefit to the 
Waitangi Wetland habitat and other downstream wetlands. 

• Project was delivered for $6.5M, a 75% cost reduction compared to a conventional treatment 
plant, making the capital contribution affordable for the community. 

• Operational costs for the plant are estimated as <50% of a conventional plant upgrade, making 
long term operational costs sustainable and affordable. 

Although not specifically measured, the carbon footprint of the project is estimated to be 
substantially lower than the alternative conventional treatment plant. The conventional option 
would have required large concrete tanks, pumping, pipework, buildings, substantially more cabling, 
roads, and sludge treatment and disposal. 
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REGULATORY ENVIRONMENT &  
ENVIRONMENTAL IMPACT AND MANAGEMENT 
ENVIRONMENTAL DRIVERS AND BENEFITS 
The principal driver for the Paihia WWTP upgrade was to meet the ammonia discharge conditions of 
the Resource Consent. The improvement in quality was identified directly to improve the aquatic 
environment of the Waitangi Wetland, home to the threatened Northland Mudfish. 

This innovative project has seen dramatic improvement in water quality discharged to local 
waterways, resulting in cleaner water and lower nutrient loadings to the stream and downstream 
Waitangi Wetland. 

Parameter % Improvement 

Ammonia 92% 

Total Nitrogen 37% 

Biological Oxygen Demand 67% 

Suspended Solids 70% 

E Coli 90% 

 

Achieving the project within the current confines of the space has resulted in: 

• No impact on the immediate surroundings. 
• No loss of vegetation.  
• No impact on the local wetland areas, or receiving streams. 
• No impact on local archaeology. 

FUTURE THINKING 
The Paihia WWTP was originally designed for around 5,000 people. Over time, growth has occurred 
and tourism has dramatically increased. In 2019, through much of the summer season, Paihia and 
the Bay of Islands benefited from cruise ship visits, with up to four ships visiting each week, bringing 
critical revenue to Northland. Large daily visitor numbers are known to produce large quantities of 
ammonia, while not using large volumes of water, resulting in stronger sewage. 

The design of this project recognised that the capacity provided had to be sufficient to meet further 
domestic and tourism growth. The typical summer loading rate is for the removal of 60- 80 kg/d of 
ammonia, but all Bioshell® infrastructure is sized for treatment of up to 120 kg/d of ammonia, 
allowing for future expansion. 

Land ownership for the site is still subject to contract, and notice could be served at any time. This 
solution has provided a minimal investment solution at a site that is at risk of becoming redundant, 
while also suitable for long term needs. 

 
 Image 5 & 6: Northland Mudfish. Photo credit: DOC.govt.nz  
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PROJECT MANAGEMENT 
PROJECT MANAGEMENT 
From selection of the preferred solution to project completion, the project was managed by FNDC, 
delivering to a strict programme. Key milestones were set at contract award and communicated 
with Northland Regional Council and local iwi. These milestones are provided below and 
demonstrate project completion 2 months ahead of programme: 

Milestone Agreed Date Achieved Date 

Approval of funding 5 April 2019 4 April 2019 

Completion of Design 26 July 2019 26 July 2019 

Commencement of Site 
Works 

2 August 2019 31 July 2019 

50% Bioshells® installed 
and running 

27 December 2019 10 October 2019 

Completion of 
Commissioning 

25 May 2020 26 March 2020 

 

Regular monitoring and review with the project team gave focus to achieving deliverable dates. High 
level project risks were managed by FNDC, specifically, risks associated with land access, iwi 
engagement, approvals and funding. Project delivery risks were managed by Marshall Projects, 
including production, installation, unexpected weather, unexpected site conditions and staff skills. 
WSP provided expert technical advice on design, risks, issues, and commissioning procedures to 
minimise impact on the effluent discharged and maintain a functional plant during the installation. 
All risks were reviewed regularly by the project team and progress tracked. Where possible, 
forwarding thinking flagged risks and enabled mitigation before escalation occurred e.g. for financial 
approvals, stakeholder engagements. 

Some risks were not predictable, and required project team collaboration. For example, the pond 
where the Bioshells® were to be installed had a layer of sludge along the bottom. Introducing air 
would likely stir up the solids, potentially compromising the high effluent quality for a period of 
several days, harming the ecology downstream. Strict monitoring protocols and action limits were 
established. By sequentially increasing Bioshells® use over two weeks, the overall impact was 
lessened resulting in no deterioration in effluent quality. 

A challenge faced on large projects is the delivery of components to site in a timely manner, creating 
progression issues or additional resource or location to store. Marshall Projects’ approach of 
fabricating the Bioshells® in a local facility gave control over production and installation. By 
managing production in a clean environment, it was possible to undertake quality checks and 
minimise safety risks to personnel that could have occurred if fabricated on site. 

PEOPLE SKILLS 
As Bioshells® are new to New Zealand, Marshall Projects upskilled key staff in the fabrication and 
installation of the equipment. This was achieved in conjunction with Wastewater Compliance 
Systems (Utah). Using experienced Marshalls Projects fabrication staff and locally trained staff, 
fabrication has been completed ahead of programme. 

To operate the Bioshells® long term, additional staff training was provided, including: 

• Air pattern assessment. 
• Air purge cleaning techniques. 
• Blower care and maintenance. 
• Safe working around the generator. 
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POST COMMISSIONING LESSONS 
Noise generated by the blowers was resonating through the local area and was considered 
undesirable, so several operational tweaks were made. Air pressure on the aeration system was lower 
than anticipated, resulting in less air being required. This meant the blower was operating at a lower 
speed than expected and the integral control system was unable to adjust sufficiently. WSP 
suggested increasing back pressure in the pipework, partially closing off the air manifold isolation 
valves was enough to stop the noise. This was found to be sufficient to enable the blower to control 
in the normal range. 

To remove ammonia with bacterial nitrification requires a certain level of alkalinity in the water. 
Identified before construction as a risk, additional data was gathered on the wastewater 
characteristics. During the first performance test in February 2020 the average ammonia achieved 
was 2mg/l. In winter the alkalinity deficiency was greater as rainwater does not contain any alkalinity. 
A trial of chemical dosing at the site enabled ammonia concentrations to be at or near detection 
limits of <0.1 mg/l. 

Following the identification of this need a longer-term chemical dosing system is being developed to 
provide the necessary levels for near complete ammonia removal. Local iwi were consulted on the 
proposals. They would prefer no chemicals brought to site, due to the risk to the Waitangi Wetland 
should an incident occur. Alternative dosing systems are being considered at the terminal pump 
station, over three kilometres away with magnesium hydroxide, a benign form of alkalinity with low 
environmental risk. 
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Appendix A 
 

Letter of Support 



Tanya Proctor, 

Infrastructure Programme Manager 

Far North District Council 

Memorial Avenue 

  Kaikohe 

25 June 2021 

 

IPWEA NZ 

PO Box 25415 

Wellington 6146 

 

Dear Sir / Madam 

Paihia WWTP Upgrade: Innovative in Pond Treatment -  Excellence in Project Innovation 

Far North District Council are proud to support the submission of the Paihia Wastewater Treatment 

Plant Upgrade project for the IPWEA NZ Annual Excellence Awards 2021. 

This project was driven by the need to protect our local Northland Mudfish and their habitat in the 

Waitangi Wetlands. To do so we needed to reduce the ammonia concentration and other nutrients in 

the discharge from our Paihia WWTP. This plant serves over 5,000 residents and as many tourists in 

the Paihia, Waitangi, Opua, and Haruru communities; the heart of Northland tourism. Further 

sustainable growth in this area is now possible, enabling these communities to grow and bring 

prosperity to the region. 

The project was delivered as a collaboration between FNDC, WSP, technical advisors, and Marshall 

Projects Limited (MPL) contractors to achieve some fantastic outcomes. 

Like many communities, the conventional approach of replacing existing pond systems and building a 

new treatment plant to meet the quality required was unaffordable at an estimated $25M. This 

project demonstrated an approach to project management and engagement with a wider supply chain 

to invite innovation through; working with suppliers to get the best value, proactively managing risks 

to avoid surprise, engaging with local iwi and the community to get the best outcomes for all, and 

collaboration with technical experts to bring new ideas and ways of working. 

The Paihia WWTP upgrade exceeded our expectations to the delight of Council, Regional Council, and 

our communities. The innovative Bioshells have not only removed more ammonia but also removed 

total nitrogen, Biochemical Oxygen Demand suspended solids and E coli in the discharge to the 

wetlands. The project was delivered to tight timescales committed to Regional Council and completed 

two months ahead of programme due to the approach adopted. By constructing within the confines 

of the existing ponds, we have used our existing assets to better advantage and made no visual impact 

on this outstanding area. The outcome of $6.5M project costs demonstrates a considerable capital 

saving of over $18M against a conventional solution, along with a massive reduction in carbon 

associated with the construction and operation of the new assets. 



Our specific thanks go to our team members, particularly Bill Down, FNDC Project Manager, Andrew 

Springer, WSP Treatment Specialist, Tom Marshall, MPL Director and Tony Foskett, MPL Site Manager, 

who together have made this project a success. 

We see this approach and technology combination as a fantastic way forward for future projects not 

just for FNDC but across New Zealand as we work towards better environments for our communities. 

 

Best Regards 

 

 

Tanya Proctor 

Manager Infrastructure Programme Delivery 
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Supporting Images & Graphs 



 

 
Image 7: Bioshells® before installation 

 

 
Image 8: Custom Working “barge” for install of Bioshells® 

 



 

 
Image 9: Installation barge for installation of Bioshells® 

 

 
Image 10: Total extent of land based installation – Generator, fuel tank and 2 blowers. 

 



 

 
Image 11: Working Bioshells® showing layout and air pattern – before cover install 

 

 
Image 12: Working Bioshells® with cover 



 

 
Image 13: Blowers and Generator – complete bankside installation. 

 

 
Image 14: Air pattern of Bioshells® through the floating cover. – before airflow optimisation 

  



 

 

Image 15: Effluent Water Quality Total Nitrogen, showing step change in 2019 with the introduction of 
Bioshells® 

 
Image 16: Effluent Water Quality Ammonia, showing step change in performance in 2019 with the 
introduction of Bioshells® 
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