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1. EXECUTIVE SUMMARY 

This report undertakes a best practicable option (BPO) analysis, as defined in the Resource 

Management Act 1991 (RMA), for the future management and discharge of low strength and 

medium strength wastewater generated from the Fonterra Hautapu Dairy Manufacturing 

Site (the Hautapu site). The option selected as the BPO (in relation to discharges of 

wastewater) will, in combination with other water use strategies, be advanced as the 

proposed Water and Wastewater Strategy forming the basis of the updated resource 

consent applications for the ongoing operation of the Hautapu site and Fonterra’s Bardowie, 

Bruntwood and Buxton Farms (including the Buxton Extension), collectively referred to as 

the ‘Fonterra Farms’.  

The BPO report has been updated following the lodgement of the AEE to reconsent the 

discharges from the Hautapu site to reflect the revised BPO following the partial sale of the 

Bardowie Farm for industrial development (which has necessitated a refinement in the 

Fonterra Water and Wastewater Strategy following the lodgement of the AEE).  

The following approach has been used to assess and select the BPO, both to support the 

initial BPO assessment, and to support the revised BPO assessment: 

 A review of the applicable resource management regulatory regime was undertaken 

including the Vision and Strategy for the Waikato River, the National Policy Statement 

for Freshwater Management, the Waikato Regional Policy Statement, the Waikato 

Regional Plan (including Plan Change 1), the Waikato-Tainui Environmental Plan -‘Tai 

Tumu Tai Pari Tai Ao’ and the Ngāti Hauā Iwi Environmental Management Plan – Te 

Rautaki Tāmata Ao Turoa o Hauā . 

 A review of existing reports and other information relating to the Waikato River. 

 The key operational issues, risks and environmental effects associated with the existing 

wastewater management system were identified, and a set of criteria for the 

assessment of options to address these matters was developed  

 An initial screening assessment of a range of wastewater management strategies was 

undertaken to develop a shortlist of nine wastewater management options. 

 A detailed assessment of the shortlisted options was undertaken to assess the ability 

of each option to address the existing wastewater management issues, the costs of 

each option, and the relative advantages and disadvantages of each option. 

 An initial BPO was selected based on the outcomes of the above analyses which was 

then the subject of consultation and further analysis including in relation to the 

applicable policy and planning regime. 

The BPO selection has been underpinned by a robust and extensive assessment process, 

including: 
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 detailed effects assessments on surface water, soil and groundwater water quality; 

 suitability of soils for irrigation; 

 hydraulic soil moisture modelling; 

 Overseer nutrient modelling; 

 assessment of alternative wastewater management methods such as wastewater 

treatment methods and wastewater storage;  

 assessment of alternative discharge locations and methods, such as increased land 

irrigation areas and managed aquifer recharge, including an assessment of the sensitivity 

of each receiving environment;  

 consultation and engagement with key stakeholders; and 

 having regard to the above matters, an assessment against the planning and policy 

framework. 

Fonterra selected a number of management methods considered to be minimum 

requirements that were common to all the shortlisted options, as follows: 

 reduce water usage and ensure efficiency of water use; 

 conversion of the Fonterra Farms from dairying to cut-and-carry cropping land use; 

 conversion of cleaning chemicals used at the site from Triplex to nitric acid, to reduce 

wastewater phosphorus loads; 

 reduced stormwater input to the wastewater system; and 

 use of a biological wastewater treatment plant (WWTP) or similar technology to enable 

significant reductions in nutrient loads in the wastewater.  

Ten shortlisted options were identified which are described in the body of this report.  Nine 

of those options formed part of the initial BPO assessment.  The tenth option was developed 

following the sale of part of the Bardowie Farm to a third party for industrial development 

purpose. 

The assessment process undertaken to support the updated AEE has concluded that 

‘Option BPO’ represents the BPO (at the time of lodgement and before the sale of part of 

the Bardowie Farm, ‘Option 2A’ was considered to be the BPO).  Option BPO involves a 

combination of treated wastewater being discharged to the Waikato River, wastewater 

being irrigated onto land and the implementation of water minimisation initiatives at the 

Hautapu site to reduce the volume of wastewater needing to be discharged to the 

environment (for example through the re-use of permeate through an reverse osmosis 

plant).  Some irrigation during winter/spring will be undertaken where it is feasible, without 

causing significant adverse effects on soils to receive wastewater for the balance of the 

season and affecting pasture yield that are critical for the update of nutrients.  Limited 

irrigation, which for the options assessment was assumed to be up to approximately 40 
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mm/month on the free draining soils of the Fonterra Farms would be carried out during 

August to October.  Irrigation would increase during the drier summer months with a 

corresponding reduction in the volume of wastewater being discharged to the Waikato River 

(a maximum of 2,500 m3/day during the months of November to June with an allowance for 

all wastewater to go to the River where extreme wet weather events impact on the 

sustainability of irrigation). 

Figure 1 provides a summary of the average daily discharge flows to river and land for Option 

BPO.  

 

Figure 1:  Option BPO Average Daily Discharge Flows 

Option BPO will provide the following key environmental benefits in comparison with the 

existing wastewater management system: 

 Option BPO will resolve the hydraulic loading challenges with the existing irrigation 

system during winter and early spring. It will also provide a hydraulically sustainable 

irrigation system during the remainder of the year.  

 While Option BPO involves an increase in the volume of wastewater discharged to the 

Waikato River during spring (August to October), there will be a significant reduction in 

nutrients discharged to the River. 

 Option BPO includes the implementation of water minimisation initiatives which 

includes the re-use of water within the Hautapu site.  

 Preliminary modelling for the comparative assessment of options supporting the BPO 

analysis showed that: 
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• Average nitrogen loads to the Waikato River during the critical algal-growing 

spring/summer months of October to March can be expected to reduce from 

existing levels by approximately 60%.  

• Annual nitrogen loads will reduce by an estimated 50%.  

• Average phosphorus loads to the river during the critical spring/summer months 

will also reduce by an estimated 40%. It should also be noted that the current 

annual discharge loads to the Waikato River are currently only 50% of the consent 

limit) and the strategy and BPO option will not increase on average this phosphorus 

discharge load above the amount discharged in FY17.  

• Nitrogen leaching on the Fonterra Farms will be kept below an ambitious nitrogen 

leaching objective of only 30 kgN/ha/year, as assessed by the Overseer model 

version 6.3.1. 

• Phosphorus loading rates to the Fonterra Farms will be reduced by approximately 

60% to less than 85 kg/ha/year, which, in conjunction with the proposed 

conversion from dairying to cut-and-carry land use, is expected to stabilise soil 

Olsen P levels on these farms.  

In reviewing the above, it should be noted that modelling of the proposed changes has been 

undertaken to indicate the relative improvements that can be achieved against the existing 

discharge quality and quantity. However, it should be noted that modelled values only 

represent predictions of long-term average conditions using a single typical wastewater 

volume for comparative purposes and cannot be used as a basis to quantify absolute limits 

due to variability that will occur from year-to-year. 

When compared with the other shortlisted wastewater management options, Option BPO 

has the following advantages:  

 Option BPO is able to be achieved without reliance on retaining access to third-party 

farms. Fonterra considers that having guaranteed long-term access to all irrigation 

areas is a key requirement for the selected wastewater management option.  

 Option BPO does not rely on procuring new well-drained irrigation land to assist with 

the management of wastewater. There is no certainty about the feasibility of securing 

significant areas of additional suitable farmland within a practical distance of the 

Hautapu site.  In any event, under severe rainfall there is no amount of well drained land 

that would be adequate to manage the wastewater generated from the Hautapu site in 

a sustainable manner.  

 Unlike the year-round 100% river discharge option considered (Option 3 – which is the 

cheapest shortlisted option), under Option BPO a minimum of approximately two-thirds 

of wastewater will continue to be irrigated to land during late spring, summer and 

autumn, similar to the existing wastewater management system.  
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 It is considered that Option BPO has superior benefit/cost compared with all other 

options.  

 As confirmed in the Planning Assessment1, the activities that are the subject of the 

applications by Fonterra (to enable the implementation of Option BPO) are consistent 

with the objectives and policies in the relevant policy and planning documents. 

The other shortlisted options do not offer any significantly better environmental benefits 

than Option BPO.  

Although Option BPO is not reliant on retaining the third-party farms (referred to as the 

Satellite Farms) as part of the wastewater irrigation system, Fonterra has no intention of 

discontinuing irrigation of those farms, with the possible exception of the Fencourt Farm. It 

is in Fonterra’s interests to retain access to the Satellite Farms for wastewater irrigation if 

possible, as it will make wastewater irrigation of the Fonterra Farms during the months of 

November to April more manageable and provides an ability to minimise the volume of 

treated wastewater discharged to the Waikato River. The intention is to irrigate as much 

wastewater to land as possible but have the ability to treat wastewater to a high standard 

and discharge it to the Waikato River at times when it is not practical to irrigate it to land 

(due to weather, soil conditions and an associated significant risk of overland flow).   

Option BPO will also provide benefits to third-party farm irrigation management, as it will 

provide greater balance and flexibility to these owners’ dairying farming operations as they 

also seek to comply with the changing regulatory requirements of Plan Change 1.  

An earlier version of this report (produced for the purposes of consultation with key 

stakeholders) stated: 

“The above analysis has identified what is considered to be “the initial” BPO, and this 

initial report is being released in draft for consultation with iwi and other key 

stakeholders.  It was important for Fonterra to have proposed technically and 

operationally feasible options before it engaged in this further consultation process, 

however it was equally important that the BPO assessment did not limit itself just to a 

technical/engineering assessment. Accordingly, Fonterra wants to test its thinking 

process, and the selection of its BPO, through engagement with iwi groups (particularly 

Ngāti Hauā, Ngāti Korokī Kahukura and Waikato-Tainui), the local communities, and 

other key stakeholder groups.     

Following that engagement process, Fonterra will update its BPO report and either 

confirm the rankings of the options it has initially identified above, or it will reorder those 

rankings (or potentially even add completely new options) depending on the outcome 

of that engagement process.” 

 

1  Mitchell Daysh Ltd: “Hautapu Reconsenting – Planning Assessment”, July 2019. 
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Having undertaken consultation and engagement with key stakeholders, neighbours and 

the wider community up to the point of lodging the applications with Waikato Regional 

Council (described in the AEE), none of the feedback received to date has altered the 

conclusions reached in the report.  It is, however, acknowledged that the consultation and 

engagement process is continuing.  

The report has been updated following the sale of part of the Bardowie Farm (approximately 

51 hectares) to a third party, and the purchase of additional land by Fonterra for its 

wastewater spray irrigation activities. This new property referred to hereafter as the Buxton 

Extension Farm (BEF) is included as part of the “Fonterra Farms”.  Spray irrigation activities 

will occur on the western portion of the Bardowie Farm until 2024 (to allow for the staged 

release of land to the third-party purchaser) and will continue on the balance of the Bardowie 

Farm (the eastern portion) which is unaffected by the sale. Water minimisation initiatives (to 

reduce daily wastewater volumes by as much as 1,050 m3/day) and the new spray irrigation 

activities on the BEF will offset the reduced Bardowie Farm irrigation area.  

These changes do not affect the outcomes of the BPO analysis that was undertaken prior 

to this occurring, aside from the development of a new option - “Option BPO”.  The update 

to the BPO assessment has resulted in a refined “Option BPO” being identified as the BPO.  

The initial BPO supporting the lodgement of the AEE concluded that “Option 2A” was the 

BPO. Option BPO is a refinement of Option 2A with further water reuse being implemented 

on site to partially compensate for the loss of irrigatable land on the Bardowie Farm (which 

was only partially compensated for by the purchase of the BEF).  

There is also the submission and hearing process (if required) which will provide further 

opportunities for feedback in relation to the Option BPO selected by Fonterra as the best 

practicable option. 
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Table A: Summary Assessment of Shortlisted Wastewater Management Options  

 Options 1: 

Status Quo 

with WWTP 

1A: 

Option 1 with 

extra 90 ha 

1B: Option 1 

with WW 

storage 

1C: Option 1 

with WW 

Reuse 

2: 

Winter/ Spring 

discharge to 

River 

2A: 

Option 2 with 

limited spring 

irrigation 

2B: Option 2A 
with no river 
discharge Dec 

– Feb 

2C: 

Option 2B 
with WW 

Reuse 

3: 

Full River 
discharge with 

Reuse 

Wastewater 

BPO Strategy 

Option BPO 

Criteria           

Discharge to 

River 

Change in TN 

load1 

Oct–Mar (%) -71% -71% -71% -71% -60% -63% -77% -80% -46% -71% 

Annual (%) -65% -65% -65% -65% -46% -52% -62% -66% -43% -62% 

Change in TP 

load1 

Oct–Mar (%) -12% -12% -12% -12% -39% -43% --65% -69% -17% -55% 

Annual %) +2% +2% +2% +2% +16% 0% -13% -23% +35% -19% 

Change in Annual WW Volume 

to River (%)2 
+72% +72% +72% +72% +162% +132% +85% +64% +295% +86% 

Wastewater 

Irrigation 

Hydraulic load3 
Drainage 

Problems 
Acceptable Acceptable Acceptable Acceptable Acceptable 

Drainage 
Problems 

Marginal Acceptable Acceptable 

Reliance on 3rd party Farms Yes Yes Yes Yes No No No No No No 

Change in Annual WW Volume 

to Land (%)4 
-11% -11% -10% -32% -39% -30% -15% -30% -100% -33% 

Wastewater 

Irrigation 

Reliability/robustness of 

operation5 
Poor Average Average Average Good Good Poor Average Good Good 

CAPEX6 $43.0M $66.9M $46.0M $42.8M + RO $44.5M $44.5M $44.5M $43.4M + RO $24.4M + RO $44.5M9 

OPEX $5.2M $5.3M $5.3M $5.3M + RO $3.0M $3.0M $3.0M $3.0M + RO $2.6M + RO $3.0M9 

NPV Costs $75.6M8 $98.9M $78.6M $75.5M +RO $60.8M $60.8M $60.8M $59.8M + RO $37.6M + RO $60.8M9 

Addresses Stakeholder 

Concerns7 
Poor Average Good Good Good Good Average Good Poor Good 

Notes: 

1. Change in nutrient loads are shown as the percentage change from the load that was discharged to the Waikato River in 20 16-2017 processing season. 

2. Change in annual volume to river is shown as the percentage change from the volume discharged to the Waikato River in the 2016-2017 processing season. 

3. Hydraulic load indicates the likelihood of times during the year when the soil s will experience drainage problems due to the irrigation of wastewater.  
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4. The change in annual volume going to land is shown as a percentage change from the volume that was irrigated in the 2016 – 2017 processing season.  This criterion also provides an ind icator of how tangata whenua may 

view the options, due to their preference for land treatment of wastewater.  

5. Reliability/ Robustness of operation is an indication of how easy the wastewater treatment and discharge system will be to manage.  This ease of op eration is threatened by soil drainage problems and reliance on 3rd 

party farms. 

6. Not allowed for in the NPV assessment are: economics of operating the Fonterra farms (or their sale), any changes in personnel costs and costs/ savings of wastewater reuse (as sessed separately by DETA Ltd). All costs are 

in $NZD and exclude GST and currency fluctuation. 

7. Addressing Stakeholder Concerns is a judgement across a range of parameters.  Option 4 (100% discharge to river) is likely to fail due to tangata whenua concern s.  Other options that will be difficult to consent will be 

those that cause drainage problems (Options 1 and 2b) or seek to expand the irrigatio n area (Option 1a), due to opposition from neighbouring residences.  

8. Current system NPV cost based on Option 1b but includes short term storage only and not long-term storage. 

9. Wastewater BPO Strategy cost estimates based off Option 2, 2a , 2b and Option BPO (all priced in 2017) and do not include wastewater reduction costs.  
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2. INTRODUCTION 

2.1 PURPOSE OF REPORT 

This report undertakes a best practicable option (BPO) analysis, as defined in the 

Resource Management Act 1991 (RMA), for the future management and discharge of low 

strength and medium strength wastewater from the Fonterra Hautapu Dairy 

Manufacturing Site (the Hautapu site).  The option selected as the BPO (in relation to 

discharges of wastewater) will, in combination with other water use strategies, be 

advanced as the proposed Water and Wastewater Strategy forming the basis of the 

resource consent applications for the ongoing operation of the Hautapu site and 

Fonterra’s Bardowie, Bruntwood, Buxton and Buxton Extension Farms, collectively 

referred to in this report as the ‘Fonterra Farms’.  

Adopting the BPO is considered good resource management practice to achieve the 

purposes of the RMA for wastewater discharges. For example, s.108(2)(e) of the RMA 

states that a discharge permit may include a condition:  

“…… requiring the holder to adopt the best practicable option to prevent or 

minimise any actual or likely adverse effect on the environment…”. 

The “environment” is defined in s.2 of the Act as:  

“environment includes— 

(a)  ecosystems and their constituent parts, including people and communities; 

and 

(b)  all natural and physical resources; and 

(c)  amenity values; and 

(d)  the social, economic, aesthetic, and cultural conditions which affect the 

matters stated in paragraphs (a) to (c) or which are affected by those matters” 

The BPO is defined in s.2 of the Act as: 

“best practicable option, in relation to a discharge of a contaminant… means the 

best method for preventing or minimising the adverse effects on the environment 

having regard, among other things, to— 

(a)  the nature of the discharge or emission and the sensitivity of the receiving 

environment to adverse effects; and 

(b)  the financial implications, and the effects on the environment, of that option 

when compared with other options; and 

(c)  the current state of technical knowledge and the likelihood that the option can 

be successfully applied” 

This report describes how the proposed wastewater discharge represents the BPO as 

defined above. In developing the BPO, Fonterra has assessed and compared a range of 
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wastewater management methods and discharge options, with the assistance of Pattle 

Delamore Partners Ltd (PDP) and other technical specialists.  

The ‘nature of the discharge’ and the ‘sensitivity of the receiving environment to adverse 

effects’ are described in the Assessment of Environmental Effects (AEE) respectively, and 

are not repeated in detail in this report, although these matters are taken into account. 

2.2 DEFINITIONS AND ABBREVIATIONS 

The definitions and abbreviations used in this report are the same as those used in the 

main body of the AEE, summarised as follows: 

AEE The main body of the PDP Assessment of Environmental Effects 

BPO Best Practicable Option, as defined in the RMA 

LSW Low Strength wastewater 

MBR Membrane Bioreactor 

MSW Medium Strength wastewater 

Riverline discharge The existing discharge of LSW to the Waikato River 

TN Total nitrogen 

TP Total phosphorus 

WAS Waste Activated Sludge 

Water and Wastewater 

Strategy 

Fonterra’s proposed long-term strategy for the management of 

water and wastewater at the Hautapu site.  The selected BPO (in 

relation to the discharge of wastewater) will form part of this 

strategy. 

WWTP Wastewater Treatment Plant 

 

2.3 BPO ASSESSMENT APPROACH 

The following approach has been used to assess and select the BPO for the site’s future 

wastewater management: 

a. A review of the applicable resource management regulatory regime was undertaken 

including the Vision and Strategy for the Waikato River (Vision and Strategy), the 

National Policy Statement for Freshwater Management (NPSFM), the Waikato 

Regional Policy Statement (RPS), the Waikato Regional Plan (WRP) including 

Proposed Plan Change 1, the Waikato-Tainui Environmental Plan -‘Tai Tumu Tai Pari 
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Tai Ao’ and the Ngāti Hauā Iwi Environmental Management Plan – Te Rautaki 

Tāmata Ao Turoa o Hauā; 

b. A review of existing reports and other information relating to the Waikato River 

(including other resource consent applications by Fonterra and other parties); 

c. The key operational issues, risks and environmental effects associated with the 

existing wastewater management system were identified(as summarised in Section 

3). Identification of the key issues was based on a number of information sources, 

including: 

 The experience of Fonterra’s wastewater and farm management staff; 

 A review of the site’s resource consent compliance history; 

 A number of technical assessments, including: 

 Assessment of the soil characteristics of all of the irrigation farms (including 

those owned by third parties, which are not part of the subject resource 

consent renewals); 

 Overseer nutrient modelling; 

 Assessment of relevant groundwater and surface water quality including 

the Mangaone Stream, Mangaonua Stream and Waikato River; and 

 Assessment of the relevant planning and policy framework, including in 

particular the Vision & Strategy and Plan Change 1; 

d. A workshop was held with key Fonterra staff and technical specialists on 1 August 

2017 to undertake a screening assessment of a wide range of wastewater 

management strategies. This is referred to as the ‘screening workshop’. 19 

management options were screened to a shortlist of nine options, as described in 

Section 6 (and a further option identified following the sale of part of the Bardowie 

Farm); 

e. Fonterra and PDP wastewater management specialists undertook a detailed 

assessment of the shortlisted options to assess (as described in Section 7 of this 

report): 

 the ability of each option to address the existing wastewater management 

issues identified in (c) above (discussed in Section 3 of this report); 

 high-level capital and operating cost estimates for each option; 

 the relative advantages and disadvantages of each option; and 

 having regard to those matters above, how each of those options measured up 

against the relevant planning and policy framework; and 
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f. Fonterra assessed and confirmed the BPO based on the above analyses (as 

described in Section 8). 

 

3. KEY ISSUES WITH EXISTING WASTEWATER MANAGEMENT  

The key operational issues, risks and environmental effects associated with the existing 

wastewater management system are summarised as follows. These issues are described 

in more detail in the AEE and are highlighted where appropriate in the following sections. 

The Water and Wastewater Strategy must satisfactorily address these issues.  

3.1 DISCHARGE TO WAIKATO RIVER  

3.1.1 Need for reduction in nutrient loads 

Although the AEE concludes that the existing riverline discharge is a very minor 

contributor to the nitrogen and phosphorus loadings within the Waikato River, any 

proposed ongoing discharge to the River needs to be considered in relation to the Vision 

and Strategy.   The Vision and Strategy identifies a number of objectives that will be 

pursued to restore and protect the health and wellbeing of the Waikato River.  These 

include a focus on recognising that the River is degraded and should not be required to 

absorb further degradation as a result of human activities, recognising and avoiding 

adverse cumulative effects, and potential cumulative effects, and restoring water quality 

within the River so that it is safe for people of swim in and take food from along its entire 

length.  The Vision and Strategy also recognises the strategic importance of the Waikato 

River to New Zealand’s social, cultural, environmental and economic wellbeing. 

Proposed Plan Change 1 to the Waikato Regional Plan is the key regulatory method that 

is intended to help give effect to the Vision and Strategy (as well give effect to the RPS 

and implement the NPSFM).  Proposed Plan Change 1 gives emphasis to reducing, over 

time, the loads of sediment, nitrogen, phosphorus and microbial pathogens contaminants 

to the Waikato River.  

The main contaminants associated with the Hautapu riverline discharge are considered 

to be nitrogen and microbial pathogens. While Hautapu only contributes about 0.4% of 

the total catchment nitrogen load to the Waikato River2, it comprises about 30% of the 

nitrogen load from all of Fonterra’s manufacturing sites that discharge to the River.  

Accordingly, Fonterra is seeking to reduce the nitrogen load discharged to the Waikato 

River from the Hautapu site. Reductions in nitrogen load is most important during the 

 
2  Fonterra’s Performance in Reducing Manufacturing Site Nutrient Loads to the Waikato River’ (Golder 

Associates, May 2016). 
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period when the summer bathing and algal-growing seasons coincide considered to be 

during the period October to March.  

Fonterra Hautapu contributes only about 0.2% of the total catchment phosphorus load 

to the Waikato River, and the phosphorus load from Hautapu comprises only about 7% 

of the phosphorus loads from all of Fonterra’s manufacturing sites to the River. 

Phosphorus loads, while already relatively small, should also be reduced during the key 

period of October to March, if practicable.  

The Hautapu site’s sediment and microbial pathogen loads3 to the River are small.  Total 

suspended solids are typically a maximum of 7 g/m3 (compared to the current consent 

limit of 80 g/m3).  While only a small data set is held, median E. coli levels were less than 

1 cfu for 2017.   Fonterra controls the potential proliferation of pathogens within the 

discharge and riverline pipe network through chlorination.  The use of chlorine dosing 

has been an effective means of managing the potential for microbial pathogen growth 

and will continue to be used in the long term due to its effectiveness.   

Fonterra has therefore concluded that the greatest effort in contaminant load reductions 

from Hautapu to the Waikato River should be aimed at reducing nitrogen loads, and to a 

lesser extent phosphorus, particularly during October to March.   

Based on the above, Fonterra has developed criteria for nitrogen and phosphorus loads 

for any future Hautapu site discharge to the Waikato River as set out in Section 4. 

3.2 WASTEWATER IRRIGATION 

3.2.1 Challenges with hydraulic loading during winter and early spring 

During June to September, only the Fonterra Farms are available for wastewater 

irrigation4, which results in a high hydraulic loading on these farms during these wet 

winter months, especially from the start of the dairy season towards the end of July and 

for Hautapu with maximum milk intake by the end of September. This makes wastewater 

irrigation very challenging during periods of high rainfall and high soil moisture when the 

risk of ponding and runoff is high, particularly during August and September. This 

situation was particularly evident in spring 2017 where rainfall in August and September 

was higher than average. While the situation is relieved to some degree in October when 

the Satellite Farms become available for irrigation, irrigation during October can still be 

 
3  The current resource consent does not require monitoring for E. coli but does specify a limit for faecal 

coliforms. 

4  By mutual agreement between the Satellite Farm owners and Fonterra, irrigation of the Satellite Farms is 

only carried out from October until the end of the dairy season in May, when irrigation is beneficial to 

dairy farm operation. Irrigation of the Fencourt Farm is not practicable from June to September due its 

generally poorly drained soils and rolling contours.  
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challenging during wet weather, especially on the poorer draining soils (Te Kowhai, 

Eureka and Tauwhare soils). Irrigation generally becomes less challenging from 

November onwards.  

3.2.2 Nitrogen leaching 

Despite the wastewater nitrogen loading rates onto the Fonterra Farms being within the 

performance standards specified by the discharge permits, it is now recognised that, in 

combination with dairy farming land use, nitrogen leaching at these farms is elevated. 

This assessment is undertaken using the Overseer model. Extensive monitoring of 

groundwater bores across all of the irrigated farms has also found in some bores 

elevated groundwater nitrate concentrations. Nitrogen loading rates have decreased 

from a peak in the late 1980’s of approximately 1,500 kgN/ha/yr to below 400 kg N/ha/yr 

by 2002, after which it stays at about this level. The average nitrogen leaching estimated 

by the Overseer model for the period 2014/15 – 2018/19 over the Fonterra farms 

(Bardowie, Bruntwood and Buxton) ranges from 53 – 104 kg N/ha/yr. Further changes to 

Whole Farm Management methods are required to achieve what is regarded as an 

ambitious target of no more than 30 kgN/ha/year. The Buxton, Bruntwood and Bardowie 

Farms have all since July 2018 ceased to be operated as dairy farms and are now 

operating as extensive cut-and-carry cropping with the use of limited dry stock to harvest 

pasture not able to be mown. The Whole Farm Management changes will reduce 

nitrogen leaching, but Overseer modelling suggests that reductions to nitrogen loading 

rates will still be required to achieve nitrogen leaching rates of less than 30 kg/ha/yr.  

While the modelling is used to demonstrate relative changes, it should be noted that 

modelled values only represent predictions of long-term average conditions using a 

single typical wastewater volume for comparative purposes and cannot be used as a 

basis to quantify absolute limits due to variability that will occur from year-to-year. 

3.2.3 Elevated Olsen P levels 

The long-term irrigation of the Fonterra Farms, particularly prior to 2000 when nutrient 

loads were higher, has resulted in elevated Olsen P levels in the Fonterra Farm soils, 

increasing the risk of phosphorus loss via surface runoff to surface water and leaching to 

groundwater. The Water and Wastewater Strategy must involve management methods 

that will avoid further increases and result in a reduction in Olsen P levels over time. 

Phosphorus loading rates will need to be reduced to address this issue.  

Based on Sections 3.2.2 and 3.2.3 above, Fonterra has developed criteria for N and P 

loads for future Hautapu wastewater irrigation as set out in Section 4. 

3.2.4 Risk of loss of third-party irrigation farms 

The reliance on the third-party Satellite Farms for wastewater irrigation places the site at 

risk should any of Satellite Farm owners withdraw from the wastewater irrigation 
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scheme5. This could occur as a result of factors such as regulatory changes (e.g. a need 

to reduce nitrogen reference points in accordance with Proposed Plan Change 1), 

changes in farming practices, or pressure from an increase in surrounding lifestyle blocks 

(i.e. reverse sensitivity effects).  Fonterra therefore considers that the site’s Water and 

Wastewater Strategy needs to allow for a possible reduction in the current total irrigation 

area should any third-party farms withdraw from the irrigation scheme. Similarly, there is 

no guarantee that Fonterra’s lease agreement for the Fencourt Farm will be renewed 

when the lease expires in May 2025, and Fonterra considers that the Water and 

Wastewater Strategy needs to allow for the Fencourt Farm no longer being available 

after May 2025.  

3.2.5 Odour effects 

The current wastewater irrigation has resulted in very few issues with odour complaints 

from neighbours in recent years. However, Fonterra’s experience at Hautapu and 

elsewhere in New Zealand has been that obtaining resource consents for irrigating new 

farm areas, or renewing existing consents, can be challenging if neighbours have 

concerns about potential for odour effects. This situation can be exacerbated through 

encroachment of ‘lifestyle block’ development, which is common throughout the 

Hautapu area (which creates reverse sensitivity effects on existing activities such as 

spray irrigation). This is a key issue to be addressed for any option that involves irrigation 

and wastewater treatment facilities. 

3.2.6 Effects on the Mangaone Stream 

The AEE describes the effects of Fonterra’s current activities on the Mangaone Stream.  

Removal of dairy farming activities from the farms and replacement with a cut and carry 

operation and limited dry stock will reduce the potential for nutrient migration to the 

surface waterways that pass through the wastewater irrigation farms. In addition, the 

relocation of spray irrigation activities from the western portion of the Bardowie Farm to 

the Buxton Extension will likely further improve the quality of the Mangaone Stream.   

Reduced nitrogen leaching and proposed riparian planting will also reduce effects on the 

Mangaone Stream caused by overland flow and groundwater migration. 

3.2.7 Diverted stormwater 

A cause of increased volumes of wastewater needing to be irrigated to land (resulting in 

increased hydraulic loadings) has been out-of-specification stormwater from the Hautapu 

site being diverted to the wastewater system.  The incidence of this occurring in the 

future will be significantly reduced, if not eliminated, as a result of a major stormwater 

 
5  While wastewater irrigation is regarded as beneficial by the current Satellite Farms owners, this situation 

could change, e.g. if the farms are sold or when current farmer owner/managers retire. 
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upgrade of the stormwater infrastructure on the Hautapu site which was completed in 

2019). 

 

4. NUTRIENT LOAD OBJECTIVES FOR WASTEWATER STRATEGY  

A set of objectives have been developed by Fonterra for the Water and Wastewater 

Strategy for nitrogen and phosphorus loads for the River and land discharges to address 

the nutrient issues discussed in Section 3, and as set out in Table 1. 

Table 1: Nutrient Load Objectives for River and Land Discharges for Water and 

Wastewater Strategy  

 

Discharge to Waikato River Discharge to Land 

Nitrogen Load A significant reduction in both 
the Oct - March and annual 
average daily nitrogen load. 

A reduction in ‘whole farm’1 
nitrogen leaching. 

Phosphorus Load A significant reduction in the 
Oct – March average daily 
phosphorus load.  

Phosphorus load, in conjunction 
with other land management 
methods, must reduce. 

Note 1: ‘Whole farm’ leaching refers to leaching averaged across the whole of an irrigation property, 
as assessed by Overseer modelling. 

 

5. WASTEWATER MANAGEMENT METHODS CONSIDERED  

The current wastewater management methods used at the site are described in the 

Activity Description, but in summary they include: 

 Reuse of RO permeates within the manufacturing site, which reduces the volumes 

of LSW for discharge; 

 Chlorination and then discharge of LSW to the Waikato River;  

 Primary treatment of MSW, i.e. dissolved air flotation (DAF) of the milk treatment and 

cheese plant wastewater for fat and protein removal and balancing; 

 Irrigation of MSW onto the third-party farms and Fonterra Farms; and  

 There is some flow-balancing storage available for both LSW and MSW, but this 

provides for only short-term storage, i.e. a matter of hours.  

The remainder of this section outlines the types of wastewater management methods 

that have been considered for the various future wastewater management options, 

beyond the methods that are currently used. 
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5.1.1 Increased LSW reuse  

LSW at Hautapu includes (in order of relative volumes): 

 Reverse Osmosis (RO) plant permeates 

 Evaporator condensate 

 Plant flushes  

 Pump seal water, cooling tower blowdown water and boiler blowdown water  

The site has an existing RO permeate water reuse system, which collects RO permeate 

from the production RO plants and reticulates it to various destinations for use as initial 

and intermediate rinse water.  

The main benefits of reuse are (i) reduced volume of fresh water required by the site 

(both town supply and Fonterra’s own groundwater supply); and (ii) reduced volume of 

wastewater to be managed and discharged.  

The site undertook a range of improvements to the RO permeate reuse system during 

the 2017/18 dairy season which are expected to result in a reduction in wastewater 

volumes of about 400 m3/day.  

Another project is tentatively planned for CIP optimisation work on the site’s membrane 

plants, which would achieve approximately a further 180 m3/day reduction in total 

wastewater volumes.  

Further to this, during 2017, Fonterra in conjunction with energy and water efficiency 

specialists DETA Ltd investigated options for increased RO permeate reuse, as part of 

the development of an overall Water and Wastewater Strategy for the site.  

The preliminary conclusions of the reuse study are that up to 1,270 m3/day of RO 

permeate can be ‘polished’ through an RO permeate polisher plant (known as the ‘ROPP’ 

project), increasing the reuse opportunities by approximately 860 m3/d, at an estimated 

capital cost of $5.9M. The project would have both operational costs and savings, and 

assists with offsetting the loss of part of the Bardowie Farm for spray irrigation activities.  

Polishing RO permeate and adding it directly back into the potable water system is 

currently not a feasible option, due to technical limitations, potential regulatory and 

perceived food safety risk considerations. This means reuse water requires dedicated 

reticulation systems and is limited to equipment rinses etc. 

While RO reuse does not reduce the contaminant loads in the wastewater (e.g. the overall 

kg/day of wastewater nutrients to be treated and/or discharged), it does reduce the 

wastewater volume needing to be managed.  

For the purposes of this BPO assessment, it has been assumed that increased RO 

permeate reuse would reduce wastewater volumes requiring management and disposal 
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by potentially up to 1,300 m3/day and would assist in offsetting the loss of irrigable land 

from the Bardowie Farm (and is a component of Option BPO). 

5.1.2 Wastewater Treatment  

The wastewater treatment options considered in this BPO assessment all involve LSW 

and MSW being combined and treated to a standard suitable for discharge to the Waikato 

River (and also reducing irrigation nutrient loads). The degree of treatment required 

depends on the volumes of wastewater to be discharged to the Waikato River via the 

riverline, and the season during which discharge is proposed. Wastewater treatment 

options that have been considered include: 

 Conventional biological extended aeration treatment;  

 Membrane bioreactor (MBR); 

 Chemical phosphorus removal, which can be added to either of the above treatment 

systems for phosphorus ‘polishing’; and  

 Use of wetlands for wastewater polishing. 

All the above options were taken into consideration in the options screening assessment 

discussed in Section 6, apart from wetlands. Wetlands were discounted as a treatment 

option as they do not offer any significant benefit beyond the benefits offered by the 

other treatment options listed above, and they have the disadvantage of potentially 

introducing high levels of pathogens into the treated wastewater by wildfowl.  

5.1.3 Short Term Wastewater Storage  

A 30,000 m3 (0.6 ha, 5 m deep) storage reservoir would provide about 4 days storage of 

peak combined LSW and MSW flow. This would enable avoidance of wastewater 

irrigation during extreme wet weather events.  

Wastewater would need to be treated before storage to avoid the risk of odour effects 

on neighbours.   

5.1.4 Longer Term Wastewater Storage 

A 150,000 m3 storage reservoir (4 ha, 5 m deep) would provide sufficient storage of peak 

wastewater flow during winter and early spring (August to October), including an 

allowance for rainfall on the reservoir, to avoid the need to irrigate poorer draining soils 

during that period, thus making winter irrigation more manageable. Irrigation would still 

need to be carried out on the well-drained Horotiu and Bruntwood soils during winter.  
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6. SCREENING ASSESSMENT  

The first stage in the BPO assessment comprised a screening assessment, involving a 

high-level assessment of a wide range of options narrowing these to a shortlist for more 

detailed assessment. The process followed and the options assessed (prior to the 

lodgement of Fonterra’s resource consent applications and the sale of part of the 

Bardowie Farm) are set out in Appendix A of this report. 

7. ASSESSMENT OF SHORTLISTED OPTIONS 

Subsequent to the screening assessment above, PDP was engaged to carry out a 

detailed assessment of the shortlisted options6. The outcomes of the PDP assessment 

are summarised in this section. Table 3 on Page 38 provides a summary of the 

components associated with each option and Table 4 on page 39 provides a 

comparative summary of the expected hydraulic and nutrient loads for each of the 

options. 

Table 5 in Section 8 provides an overview summary of the options assessment, in the 

form of a ‘traffic light’ table.  

7.1 TECHNICAL ANALYSIS METHODS  

The main technical analyses that were used in the assessment of the shortlisted options 

were a hydraulic loading assessment and Overseer nutrient modelling of the wastewater 

irrigation options. These methods are described in the AEE.  

In summary, the irrigation hydraulic loading assessment involved: 

 Defining a set of soil hydraulic conductivity for the irrigated soils and categorising 

the soils, based on site observations, as to the seasonal period for when irrigation 

was suitable in terms of good practice for a hydraulically sustainable wastewater 

irrigation operation, and 

 Use of a hydraulic model to assess the increase in hydraulic loading for each system 

and the expected return period for irrigation rotation, in comparison to the existing 

operation. 

Nutrient and hydraulic loading to the Waikato River were calculated using a simple mass 

balance approach.  

It should be noted that modelling of the proposed changes has been undertaken to 

indicate the relative improvements that can be achieved against the existing discharge 

 
6  ‘Fonterra Hautapu – Wastewater Management Options Assessment’ (October 2017, PDP Ltd). The PDP 

assessment relies in part on Overseer modelling undertaken by Dr Jeff Brown of Fonterra’s 

Environmental Technical Group. 
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quality and quantity. However, it should be noted that modelled values only represent 

predictions of long-term average conditions using a single typical wastewater volume for 

comparative purposes and cannot be used as a basis to quantify absolute limits due to 

variability that will occur from year-to-year.  

7.2 MANAGEMENT METHODS COMMON TO ALL SHORTLISTED OPTIONS  

Preliminary assessments undertaken identified a number of management methods that 

would clearly be required (or advantageous) to any of the shortlisted options. These 

management methods are therefore common to all the shortlisted options and are 

discussed in the following sections. 

7.2.1 Fonterra Farms Conversion from Dairying to Cut and Carry  

Preliminary investigations by Fonterra identified that irrespective of the wastewater 

management method adopted, there were numerous advantages to converting the 

Fonterra Farms from dairying to cut-and-carry cropping operations (and the export of 

nutrients from the farms), with some dry stock grazing. This is described in detail in the 

AEE. This conversion recognises that the primary purpose of the Fonterra Farms is 

wastewater management, not primary production. Conversion to cut-and-carry started in 

2016 and was completed in 2018. There are no lactating dairy cows on any of the 

Fonterra Farms. The main advantages of this conversion are: 

 Reduced nitrate leaching from avoidance of urine patches; 

 Avoidance of soil structure damage from pugging, which can result from having 

cows on wastewater irrigation land, and reduced nutrient leaching with cut-and-carry 

and the export of grass from the farms (limited numbers of drystock will be used to 

clean up areas missed by the mower); and 

 Improved nutrient harvesting through cut and carry – this will for example help 

stabilise Olsen P levels, and are considered to reduce the risk of P migration to 

surface water. 

7.2.2 Conversion of CIP from Triplex to Nitric Acid  

The site currently uses Triplex for Clean in Place (CIP) cleaning of dairy manufacturing 

equipment. At an early stage of the options assessment, it was recognised that the best 

way of reducing the high phosphorus concentrations in the site’s wastewater would be 

to convert the CIP from Triplex to nitric acid, which has no phosphorus. Nitric acid has a 

substantially higher nitrogen concentration than Triplex, but that nitrogen can be 

removed more easily through the WWTP that is required for any of the Wastewater 

Strategy options, as discussed subsequently in this report. 
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7.2.3 Reduction of stormwater inflows to wastewater system  

The previous stormwater management system at Hautapu involves out of specification 

stormwater being diverted to the wastewater system. At times, this results in increases 

in wastewater volumes of more than 1,000 m3/day for one or more days.  

Fonterra recently undertook a major upgrade to the site’s stormwater management 

system which was completed in 2018/2019. Among other benefits, the stormwater 

upgrade will largely avoid stormwater diversions to the wastewater system. Hautapu site 

management has agreed that at worst, stormwater diversions into the wastewater system 

should not exceed about 300 m3/day and will be infrequent. This will help reduce the 

wastewater irrigation hydraulic loading. 

7.2.4 Future Use of Fencourt Farm  

Due to the risk of the Fencourt Farm lease not being renewed when it expires in June 

2025, Fonterra decided that where possible the Wastewater Strategy options should not 

rely on long term access to Fencourt for wastewater irrigation. This does not mean 

Fencourt will definitely not be used for irrigation beyond 2025, but it avoids reliance on 

the lease renewal7.  With the exception of the short-listed Options 1, 1A, 1B, and 1C, (based 

on the current irrigation periods which can be marginal during wetter years) all remaining 

short listed options exclude the used of the Fencourt Farm. 

7.2.5 Wastewater Treatment Plant  

Extended aeration WWTP  

For all the shortlisted options except Option 3, a conventional biological WWTP or similar 

technology has been assumed for the treatment of the combined LSW and MSW, with 

the following performance objectives to be achieved by the plant. 

a. Median total nitrogen (TN) concentration of 10 g/m3. This will enable a substantial 

reduction in: 

 Nitrogen loads to the Waikato River, as summarised in Table 4. 

 Nitrogen applied to land through the irrigation system (refer to Section 7.2.6).  

b. Median total phosphorus (TP) concentration of 1 g/m3. This will: 

 avoid any increase to the already small annual and summer phosphorus loads 

discharged to the Waikato River; 

 enable a reduction of the phosphorus load onto irrigated land to less than 85 

kg/ha/year. 

 

7  A similar approach was also decided for the Satellite Farms, as discussed later in this section.  
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c. Median annual suspended solids and BOD5 concentration of 10 g/m3. 

d. 95 percentile E. coli concentration of 126 cfu per 100 mL for river discharge. 

The outcomes could be achieved by a WWTP that includes primary screening, dissolved 

air flotation (DAF) for fat and protein removal, anoxic tank, aerated lagoon, clarifier, media 

filter, ultraviolet (UV) disinfection, waste activated sludge tank, and sludge dewatering 

unit. An alum dosing or biological phosphorus removal system is included and would be 

operated as required to achieve the target phosphorus load. The existing LSW 

chlorination system will be decommissioned, however some residual disinfection made 

be required at the point of discharge.  

MBR for Option 3 

Option 3, which involves discharge of all treated wastewater to the Waikato River year-

round, requires a greater level of wastewater treatment to achieve similar nitrogen and 

phosphorus loads to the Waikato River as the other options, so use of an MBR plant has 

been assumed for Option 3. The performance objectives of the MBR would be the same 

as for the extended aeration option described above.  

The key process units of the MBR plant will be primary screening, DAF, reactor tanks 

(assumed 4-stage Bardenpho configuration incorporating EBPR (Enhanced Biological 

Phosphorus Removal) with a membrane tank comprising the final aerobic stage), WAS 

Tank, sludge dewatering unit, and chemical dosing system for final polishing.  

Sludge management  

Waste sludges from the WWTP will be managed as part of DairyFert’s dairy liquids 

management operations. DairyFert is a Fonterra subsidiary that manages all of the dairy 

liquids that are generated by Fonterra’s manufacturing sites in Waikato Region.  The 

spreading of waste sludges from the WWTP onto land as a nutrient substitute for 

conventional fertilisers is considered to be the best practicable option for these. The 

recycling of nutrients to maintain productive pasture growth is likely to be undertaken in 

accordance with Fonterra’s consent AUTH132172.  The latter includes a condition stating 

that no spreading of dairy liquids shall be undertaken on land receiving dairy farm 

effluent or any other sludge or waste. 

7.2.6 Reduced Nitrogen Irrigation Loads 

The current resource consents for wastewater irrigation onto the Fonterra Farms allow 

for TN loading rates between 300 and 500 kg/ha/year, but on the Bardowie and 

Bruntwood Farms the loading rates can be increased where cut-and-carry operations are 

undertaken by the amount of nitrogen removed in the harvested pasture. For all the 

options that involve wastewater irrigation, the maximum TN load for the Fonterra Farms 

from all wastewater and fertiliser sources will be expected to be no more than 400 



 

Hautapu Wastewater BPO Assessment 23  

 
 

kgN/ha/year. The nitrogen loading however does not take into account the export of 

nitrogen from the harvested pasture which in some year may mean a net nitrogen 

balance approaching zero.  

Only a part of the proposed load may be sourced from the treated wastewater. The 

remainder may be sourced from excess biomass solids or WAS8 spreading and/or 

fertiliser application as similarly undertaken at Fonterra’s Lichfield (AUTH132861.03.02). 

It is noted that the treated wastewater alone may not provide sufficient nitrogen 

fertilisation to achieve the targeted dry matter production for the cut and carry operation 

of 9-10 t/DM/ha/year, as has been assumed for the Overseer modelling for this options 

assessment.  

7.2.7 Reduced Phosphorus Irrigation Loads  

The phosphorus loads for the historic wastewater irrigation for the Fonterra Farms has 

been relatively high (in the order of 400 kgP/ha/year in recent years).  For all the options 

that involve wastewater irrigation, the P loading rate for the Fonterra Farms from all 

wastewater and fertiliser sources will be less than 85 kgP/ha/year. With the proposed 

conversion from dairying to cut-and-carry land use, this reduction in phosphorus load can 

be expected to stabilise soil Olsen P levels for the Fonterra Farm soils.  

7.3 OPTIONS ASSESSMENT 

The assessment of the options detailed in the following sections was undertaken to 

support the initial BPO assessment that occurred prior to the sale of part of the Bardowie 

Farm, and the purchase of the BEF.  These figures have not been updated following the 

lodgement of the resource consent application as any update would necessitate 

additional modelling and updating the BPO report to explain the new assumptions and 

inputs, which provides little benefits as all options were assessed using the same criteria 

and therefore the relative benefits between the different options are the same. 

 

7.3.1 Option 1: Existing irrigation area; maximum 2,500 m3/day river discharge  

Option 1 involves utilising the existing discharge system, with up to 2,500 m3/d of the 

treated combined LSW and MSW discharged to the Waikato River, and the remaining 

wastewater irrigated to the existing irrigation land9, i.e. the Fonterra Farms and the 

Satellite Farms.   

Treated wastewater quality would be 10 g TN/m3 and 1 g TP/m3 (median levels). 

 
8  = waste activated sludge, a byproduct from the new WWTP. 

9  Fencourt Farm has been excluded, as discussed in Section 7.2.4 above. 
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Figure 2 provides a summary of the anticipated average daily flows discharged to the 

Waikato River and irrigated to land, on a monthly basis. 

 

Figure 2: Option 1 Average Daily Discharge Flows  

Because Option 1 is limited to currently utilised land areas and does not involve any 

wastewater storage or reduction in LSW volumes, it will encounter similar hydraulic 

limitations during winter and early spring as the existing wastewater management 

system.   

Hydraulic modelling identified 8 critical years during a 46-year modelling period where 

the current hydraulic loadings make irrigation very difficult to manage (such as 

experienced during winter/spring of 2017).  The critical years were identified based on 

the relative difference for three drainage parameters derived by analysing 2017 data: 

 annual drainage; 

 more than 14 consecutive days above field capacity on any of the well-drained soils 

during May, August and September; and 

 total drainage from the poorly-drained soils over May, August and September 

months. 

It is concluded that Option 1 is not feasible as it would suffer the same hydraulic loading 

issues as the existing wastewater irrigation system. This option is therefore not 

considered further. Three sub-options 1A, 1B and 1C assessed below represent 

refinements of Option 1 which address the hydraulic loading issues through increased 

irrigation area, long-term wastewater storage, and LSW volume minimisation, 

respectively.  
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7.3.2 Option 1A: Option 1 with 90 Ha increased irrigation land 

Option 1A is the same as Option 1 except that it incorporates the purchase of additional 

farm(s) with 90 ha of well-drained soil (Horotiu, Bruntwood or Tamahere soils), which we 

have assumed would require a gross farm area of 180 ha, allowing for 50% of non-

irrigable or poor soil type areas10. This new irrigation area would complement the existing 

irrigation areas (in this context of the updated BPO assessment, the existing irrigation 

area includes the BEF) during winter and spring. Irrigation during winter and spring would 

be to well-drained soil only, within the Fonterra owned farms (including the new farm). 

Poorly drained soils would not be used for substantial irrigation until November.  Once 

the third-party farms are available from mid-September the irrigation area increases and 

the monthly hydraulic load will decrease.  The average daily flow distribution between 

discharge to River and land for this Option would be the same as Option 1 (Figure 2).   

Hydraulically, this option is feasible (based on the soil hydraulic modelling discussed 

above) as it reduces the overall required hydraulic loading during winter and spring to 

approximately 70 mm/month on well drained soils only, requiring a 19-day rotation period 

(based on maintaining 45 mm per event on Bardowie and Bruntwood farms during 

winter/spring).  During summer months, the rotation period could be increased from 19 

to approximately 50 days based on a maximum of 75 mm/event. 

Overseer modelling indicates that with wastewater treatment and conversion of all 

Fonterra owned farms to cut-and-carry, this option can reduce nitrogen leaching to less 

than 30 kg TN/ha/yr for the Fonterra Farms. 

The difficulty with this option is finding sufficient area of well drained soils within a 

practical distance of the site.  Lifestyle blocks are expanding between Hamilton and 

Cambridge and severely limit the availability of new irrigation land in this area – both 

from a physical restriction perspective (i.e. less land available to the market) and from a 

perspective of managing future reverse sensitivity risks.  Furthermore, the soil types to 

the north east of the site are not well drained.  Therefore, procurement of suitable 

farmland with 90 ha of well-drained soils, additional to the Buxton Extension, is unlikely 

to be practicable.  

Even if a suitable farm(s) can be identified and procured, there can be significant 

challenges securing irrigation consents for new irrigation areas, particularly if ‘new’ 

neighbours have concerns with the potential for odour effects. This issue can be 

particularly pronounced where there is a high density of nearby neighbouring dwellings, 

as can be the case in areas with lifestyle blocks.  

 
10  This option does not involve the purchase of the Buxton Extension as this was required to help offset the 

loss of approximately 51 hectares from the Bardowie Farm that was sold to enable industrial development 

in an identified industrial growth cell.   
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While hydraulically feasible, the disadvantages with Option 1A are therefore:  

 It relies on long-term access to all the third-party farms. If any of these farms were to 

be come unavailable, the irrigation system would become challenging during 

periods of wet weather. This is considered to be a major risk by Fonterra. 

 It relies on securing an additional 180 ha of farmland within a practical distance of 

the site and securing resource consents for irrigation of this new farmland. 

Key capital cost requirements for Option 1A include: 

 WWTP as described in Section 5.1.2; 

 Purchase of an additional 180 ha of land; 

 Install 90 ha of solid set irrigation; 

 Short term (5 day) wet weather storage (30,000 m3 reservoir); 

 Assumed 5 km pipeline to the new farm with associated pump station and on-farm 

storage silo. 

7.3.3 Option 1B: Option 1 with long-term wastewater storage 

As an alternative to the purchase of additional irrigation land (as in Option 1A above), 

Option 1B avoids the need to irrigate poorly drained soils during August to September 

by storing some of the wastewater in a reservoir until it can be irrigated in summer – 

autumn (December to April).  It is estimated that 150,000 m3 of storage would be required 

for this purpose, including an allowance for rainfall that would accumulate in the reservoir 

between May and November (approximately 30,000 m3). 

The following irrigation regime would be implemented: 

 Up to 2,500 m3/d of treated wastewater discharged to Waikato River all year 

(comprises all wastewater from June to July). 

 August-Sept: Filling of storage reservoir, and irrigation of well-drained soils only 

(Horotiu/Bruntwood soils) of the Fonterra Farms. 

 October: Irrigation of the Fonterra Farms and third-party farms on well drained soils 

only, and further filling of reservoir. 

 November: Irrigation of all farms on all soil types (no contribution to storage but no 

irrigation of stored wastewater). 

 December to April: Irrigation of all farms on all soil types, including irrigation of stored 

wastewater to progressively empty the reservoir by the end of April. 

 May: Irrigation of the Fonterra owned farms and third-party farms on all soil types. 
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Figure 3 provides a summary of the average daily flows that would be expected to 

discharge per month to the Waikato River and to land, allowing for some storage during 

August to October.  Storage allows for a more gradual increase in irrigation requirements 

during the spring months. 

 

Figure 3: Option 1B Average Daily Discharge Flows 

 

Hydraulically, this option is feasible (based on soil moisture modelling) as it reduces the 

existing hydraulic load during winter and spring but increases the hydraulic load during 

summer when evapotranspiration is high.  Due to the reduced irrigation to poorly drained 

soils (15 mm/dose11 based on P Singletons Assessment 2016), it has been calculated that 

overall, this option will result in an increase in hydraulic loading to the well-drained soils, 

from around 550 mm/yr up to 680 mm/yr, with a peak irrigation rate occurring in 

November of approximately 85mm/month on the well-drained soils.  During spring 

(September and October) a 19-day rotation period could still be maintained, assuming a 

minimum of 45 mm/event, which could be extended to a 45-day rotation period during 

summer months, based on a maximum of 75mm/event. 

Overseer modelling demonstrates that nitrogen leaching from the Fonterra owned farms 

will be reduced to below 30 kg TN/ha/yr. 

 
11  Based on recommendations by soil scientist Dr P. Singleton in ‘Fonterra Farms Soil Infiltration Rates’, 

Natural Knowledge Ltd (September 2016). 
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The storage reservoir would require an area of approximately 4 ha, assuming 5 m depth.  

This could be located on existing Fonterra land, such as on poorly drained soil within the 

Bardowie farm.  This option is considered more feasible than Option 1A due to the limited 

need for additional land (only replacement of land used for the storage reservoir). 

While hydraulically feasible, the key disadvantage with Option 1B is:  

 As with Option 1A, it relies on long-term access to all the third-party farms.  

Key capital cost requirements for this option include: 

 WWTP as described in Section 5.1.2; 

 Construction of a 150,000 m3 reservoir, assumes utilisation of existing Fonterra land, 

with aerators to maintain aerobic conditions; 

 500 m pipeline to and from the storage reservoir. 

7.3.4 Option 1C: Option 1 with LSW reuse  

This option is the same as Option 1, except that it reduces wastewater volumes requiring 

irrigation by about 1,300 m3/day through increased reuse of LSW.  This will reduce the 

required irrigation volume to land by approximately 20%, which is similar to the volume 

of wastewater that is currently applied to the area of poorly drained soils within the 

Fonterra Farms during winter/early spring.  During winter and spring, existing hydraulic 

loading rates could be applied to the well-drained soils, with no requirement to irrigate 

the poorly drained soils, or to store wastewater.  

The key processes associated with Option 1A are as follows: 

 RO permeate within the manufacturing plant that would otherwise be discharged to 

the LSW stream will be treated via an RO polisher for reuse as rinse water (as 

described in Section 5.1.1); 

 Remaining LSW and MSW is combined and treated in the WWTP; 

 Discharge of treated wastewater to the Waikato River at a maximum of 2,500 m3/d; 

 All remaining wastewater irrigated to the Fonterra Farms and third-party farms; 

 A 25,000 m3 reservoir to provide 5 days wastewater storage, avoiding the need for 

irrigation during short term extreme wet weather events. 

Figure 4 provides a summary of the average daily wastewater flows to land, water and 

recycled per month for Option 1C. 
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Figure 4: Option 1C Average Daily Discharge Flows 

Hydraulically, this option is feasible.  The irrigation rates to well drained soils will be 

similar to current rates (peaking at approximately 70mm/month during September) with 

the volume of wastewater recycled being similar to the volume that would have been 

irrigated to poorly drained soils during winter and spring.  Overall however, it has been 

assessed that irrigation rates will decrease from 575 mm/yr to 515 mm/yr (based on the 

Bruntwood farm) and that during winter and spring the rotation period can be maintained 

at 19 days (based on 45 mm/event during this period) and 56 days during summer months 

(based on 75 mm/event during this period).  Based on Overseer modelling, a nitrogen 

leaching rate of 30 kg/ha/yr is achievable.   

While hydraulically feasible, the key disadvantage with Option 1C is that, as with Options 

1A and 1B, it relies on long-term access to all the third-party farms.  

Key capital cost requirements for this option include: 

 WWTP as described in Section 5.1.2;  

 Installation of a RO polishing system for increased RO permeate reuse; and 

 Wet weather storage (25,000 m3) reservoir12. 

 

 
12  A slightly smaller storage reservoir is possible than the 30,000 m3 reservoir described in Section 5.1.3 

due to the reduced LSW volumes. 
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7.3.5 Option 2: 100% river discharge in winter/spring 

Option 2 involves the discharge of all treated wastewater to the Waikato River during 

winter and spring (June to October), when the land is less suitable for irrigation. Irrigating 

treated wastewater would only occur from November to May.  Discharge of a maximum 

of 2,500 m3/d to the Waikato River would continue from November to May, with the 

provision of increased discharge during wet weather events.   

Figure 5 provides a summary of the average daily flows to river and land for Option 2. 

 

Figure 5:  Option 2 Average Daily Discharge Flows 

This option would remove the issues associated with irrigation hydraulic limitations 

during winter and spring and would allow for irrigation to the Fonterra Farms only, 

reducing the risk posed by a third-party farm withdrawing from the irrigation scheme.  

Hydraulically this option is feasible as there is no irrigation during winter and early spring. 

It is noted that if no irrigation to the Satellite Farms occurs during late spring, summer 

and autumn, this would place a higher hydraulic loading on the Fonterra Farms during 

this period, peaking at approximately 110 mm/month between November and January for 

the well-drained soils on the Bardowie and Bruntwood Farms.  During summer, the 

rotation period for irrigation will need to decrease from a potential 50 days (as 

determined for Option 1A) to approximately 22 days, based on 75mm/event (with 

allowance for contingency discharge to the River during extreme wet weather events).  If 

some of the Satellite Farms can be retained then the rotation period can be maintained 

at higher levels. 
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Based on Overseer modelling, the nitrogen leaching rate for Option 2 can be maintained 

below 30 kg/ha/yr. 

Key capital cost requirements for this sub-option include: 

 WWTP as described in Section 5.1.2; 

 Riverline pipe upgrade to manage increased river discharge. 

7.3.6 Option 2A: Option 2 with minor winter/spring irrigation 

Option 2A is a variation on Option 2, aimed at utilising some irrigation during 

winter/spring where it is feasible, without affecting pasture yield and the ability to achieve 

the proposed nitrogen leaching objective through cut-and-carry operations.  Limited 

irrigation assumed to be 25 mm/month (confirmation subject to further investigation) on 

the free draining soils of the Fonterra Farms would be carried out during August to 

October. 

Figure 6 provides a summary of the average daily discharge flows to river and land for 

this option. 

 

Figure 6:  Option 2A Average Daily Discharge Flows 

Soil moisture modelling suggests that hydraulically this option is feasible as there is only 

limited irrigation during winter and spring.  However, as with Option 2, if the Satellite 

Farms become unavailable there will be a higher hydraulic loading rate on the Fonterra 

Farms during late spring, summer and autumn.  The rotation period would need to 

decrease to 22 days during summer (with some allowance for wet weather contingency 

discharge to the River).  Irrigation to well drained soils would increase from around 
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575 mm/yr to 650 mm/yr (based on Bruntwood Farm rates), peaking at approximately 

100 mm/month between November and January.  Irrigation would be managed with less 

risk of saturation during wetter summers if some or all of the third-party farms remain 

available. 

Based on Overseer modelling, the nitrogen leaching rate can be maintained below 

30 kg/ha/yr. 

The main advantage of this option over Option 2 is it reduces the volumes and nutrient 

loads to the Waikato River during early spring (September/October) by about 20% (refer 

to Table 4 on page 39). Option 2A also has about 20% less annual N loads to the river 

than Option 2.  

Key capital cost requirements for this sub-option include: 

 WWTP as described in Section 5.1.2 above; 

  Upgrade the pipeline to the Waikato River to manage all wastewater flows. 

7.3.7 Option 2B: As Option 2A, with no summer river discharge  

This option is similar to Option 2A but eliminates the discharge to the Waikato River when 

the bathing season (defined as December to February) coincides with the main algal 

growth season. During December to February all treated wastewater is irrigated, except 

for a contingency river discharge during extreme wet weather events. 

Figure 7 provides a summary of the average daily flows discharged to river and land for 

each month. 

 

Figure 7:  Option 2B Average Daily Discharge Flows 
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Irrigating all wastewater to land during December to February places a much higher 

hydraulic loading on the Fonterra farms, particularly on the well-drained soils.  While this 

option may be technically feasible, with an increase in hydraulic loading from 575 mm/yr 

up to approximately 780 mm/yr (based on the Bruntwood Farm), this would potentially 

increase the risk of adverse effects such as groundwater mounding, which could at times 

reach the ground surface and result in ponding or runoff.  With a peak irrigation rate of 

150 mm/month to well drained soils on the Bardowie and Bruntwood farms, a rotation 

period of 15 days would be required based on an irrigation rate of 75 mm/event during 

summer months.  There would be little opportunity for the soils to ‘dry out’ during the 

irrigation year, which is required to maintain soil and pasture health. 

In conclusion this option would not be feasible in all years due to the high hydraulic 

irrigation loading during summer.  

Key capital cost requirements for this sub-option include: 

 WWTP as described in Section 5.1.2; 

 Upgrade the pipeline to the Waikato River to manage all wastewater flows. 

7.3.8 Option 2C: As Option 2B, with LSW reuse 

This option is the same as Option 2B, except that it reduces wastewater volumes 

requiring irrigation by about 1,300 m3/day (about a 20% reduction) through increased 

reuse of LSW, as described in Section 5.1.1.   

Figure 8 provides a summary of the daily discharge volumes to land, river and recycled 

for this option. 
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Figure 8:  Option 2C Average Daily Discharge Flows 

Soil moisture modelling suggests that this option is hydraulically feasible but challenging 

to manage, as irrigation rates per month are still high during December and March (up to 

120 mm/month on some soils during December) and the rotation period would need to 

19 days during the summer period.  The annual irrigation rate would increase from 575 

mm/yr to 635 mm/yr (based on the Bruntwood farm).  As with Option 2B, this would leave 

little opportunity for the soils to ‘dry out’ during the irrigation year.   

Overseer modelling shows that the nitrogen leaching rate can be maintained below 

30 kgTN/ha/yr. 

Although this option is less hydraulically challenging than Option 2B, it is still considered 

only marginally feasible. 

Key capital cost requirements for this sub-option include: 

 WWTP as described in Section 5.1.2;  

 Installation of a RO polishing system for increased RO permeate reuse; and 

 Upgrade the capacity of the Riverline pipe. 

7.3.9 Option 3: All wastewater discharged to Waikato River 

Option 3 involves increased reuse of approximately 1,300 m3/d of LSW via a RO polisher, 

with all remaining LSW and MSW being treated to a very high standard and discharged 

to the Waikato River, year-round.  A higher level of wastewater treatment is required for 

this option than the previous options to achieve similar nitrogen and phosphorus loads 
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to the river, which would require an MBR plant or similar, as described in Section 7.2.5 of 

this report. 

The key processes associated with Option 3 are as follows: 

 RO permeate within the manufacturing plant that would otherwise be discharged to 

the LSW stream will be treated via a RO polisher for reuse as rinse water (as 

described in Section 5.1.1); 

 Remaining LSW and MSW is combined and treated in an MBR plant or equivalent 

WWTP; 

 All treated wastewater will be discharged to the Waikato River all year round.  

Key capital cost requirements for this sub-option include: 

 Installation of an MBR or equivalent WWTP;  

 Installation of a RO polishing system for increased RO permeate reuse; and 

 Upgrade the capacity of the Riverline pipe. 

This option would free up the Fonterra Farms for sale. The funds gained from this land 

sale have been taken into account in the capital cost estimate for this option.  

The key advantage of this option is the significant saving in capital costs (when taking 

into account land sales, as shown in Table 2). It would also significantly simplify the 

operation of the Hautapu site, as the existing wastewater irrigation system would be 

decommissioned.  

However, this option would eliminate the land treatment component of the existing 

wastewater management system. Land treatment is strongly favoured by tangata 

whenua, who support the treatment of wastewater by Papatuanuku, where possible. It is 

considered that decommissioning the existing wastewater irrigation system would be 

inconsistent with the aspirations of tangata whenua, who would likely strongly oppose 

such a proposal. Fonterra therefore considers that this option is not feasible.  

7.3.10 Option BPO: Option 2A with LSW Re-use 

Option BPO is essentially a refinement of Option 2A with the inclusion of the re-use of 

permeate.  This option has been developed following the partial sale of the Bardowie 

Farm which has reduced the area that Fonterra can utilise for the spray irrigation of 

wastewater.   

Option BPO includes the following components: 

 Treating the combined LSW and MSW in an extended aeration biological 

wastewater treatment plant; 
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 Discharging approximately 80% of the treated wastewater to the Waikato River from 

July to October, with the remaining 20% being irrigated on the Fonterra Farms as 

practical;  

 Discharging approximately 2,500 m3/day of treated wastewater to the Waikato River 

during November to June, and spray irrigating the remaining wastewater on the 

Fonterra Farms.   

 Implementing changes within the Hautapu manufacturing plant to reduce the 

amount of water used through water minimisation and re-use of permeate via RO 

treatment. This reduction in water use will occur in two stages, by December 2018 

and by March 2021 respectively to achieve a total water usage reduction of 

approximately 1,050 m3/day.  The water minimisation is required as the purchase of 

the BEF only partially compensates for the loss of land at the Bardowie Farm.  

Figure 9 provides a summary of the daily discharge volumes to land and the river for 

this option. 

 

 

Figure 9:  Option BPO Average Daily Discharge Flows 
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7.4 COST ESTIMATES  

The cost estimates for each shortlisted option are presented in Table 2 below.   

Table 2: Cost Estimates for Shortlisted Wastewater Management 

Option Capex Opex NPV 

1 $43.0M $5.2M $75.6M 
1a $66.9M $5.3M $98.9M 
1b $46.0M $5.3M $78.6M 
1c4 $42.8M $5.3M $75.5M 
2, 2a, 2b $44.5M $3.0M $60.8M 
2c4 $43.4M $3.0M $59.8M 
34 $24.4M $2.6M $37.6M 
BPO $44.5M $3.0M $60.8M 
Notes:    

1. All costs are in $NZD and exclude GST. 

2. Project costs include consenting, design, MSQA, mechanical and electrical, and commissioning.  

3. Net Present Value based on a 15 year return period and a 10.5% discount rate and exclude 
contingency. 

4. Includes sale of any farms for Option 3, and cut-and-carry economics for all other options. 

 

 

7.5  SUMMARY OF ALL SHORTLISTED OPTIONS 

Table 3 provides a summary of the components associated with each shortlisted option. 

Table 4 provides a comparative summary of the expected hydraulic and nutrient loads 

for each of the options. Option 1 is excluded from Table 4 as it is not hydraulically feasible.  
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Table 3: Summary of Shortlisted Wastewater Management System Options 
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Table 4: Comparison of Hydraulic and Nutrient Loads for each Shortlisted Option  

Option Parameter Jul Aug Sep Oct Nov Dec Jan  Feb Mar Apr May Jun Annual total 

Irrigation Depth  

Existing 

(FY17) 

Discharge to River (m3/d) 70 1,320 1,840 1,760 1,560 1,850 1,910 1,720 1,520 1,490 590 10 - 

TN Quarterly Average (kg TN/d) 44 81 92 32  

TP Quarterly Average (kg TP/d) 1.7 3.1 2.6 1.1  

Wastewater Volume to Land (m3/d) 530 4,540 6,030 6,180 6,040 6,220 6,160 6,320 6,510 3,040 0 0 - 

Irrigation Locations[2] FF, AS FF, AS AF, AS AF, AS AF, AS AF, AS AF, AS AF, AS AF, AS AF, AS AF, AS FF, AS - 

Irrigation depth (mm/month)[3] 22 44 67 69 49 40 39 34 34 39 29 7 474mm/yr 

Notes: 

1. Option 1 is in not included in this table as it is not feasible hydraulically 

2. Irrigation location: FF=Fonterra Farms, AF = All Farms, WDS = Well drained soils, AS = All soils. 

3. Irrigation depth based on modelled irrigation rates for Bardowie Horotiu soils. 
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Option Parameter Jul Aug Sep Oct Nov Dec Jan  Feb Mar Apr May Jun Annual total Load  

1A Discharge to River (m3/d) 1,544 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 223 - 

TN Quarterly Average (kg TN/d) 22 25 25 17 - 

TP Quarterly Average (kg TP/d) 2.2 2.5 2.5 1.7 - 

Wastewater Volume to Land (m3/d) 0 2,608 5,574 5,900 5,869 5,699 5,619 5,080 4,994 4,071 391 0 - 

Irrigation Locations[2] - FF, WDS FF, WDS AF, WDS AF, AS AF, AS AF, AS AF, AS AF, AS AF, AS AF, AS - - 

Irrigation depth (mm/month) 0 45 68 60 38 36 35 30 30 28 15 0 385 mm/yr 

1B Discharge to River (m3/d) 1,544 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 223 - 

TN Quarterly Average (kg TN/d) 22 25 25 17 - 

TP Quarterly Average (kg TP/d) 2.2 2.5 2.5 1.7 - 

Wastewater Volume to Land (m3/d) 0 1,767 3,777 4,731 5,869 6,606 6,525 6,084 5,901 5,007 334 0 - 

Irrigation Locations[2] - FF, WDS FF, WDS AF, WDS AF, AS AF, AS AF, AS AF, AS AF, AS AF, AS AF, AS - - 

Irrigation depth (mm/month) 0 47 68 72 80 55 49 36 44 40 30 0 521 mm/yr 

1C Discharge to River (m3/d) 1,544 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 223 - 

TN Quarterly Average (kg TN/d) 22 25 25 17 - 

TP Quarterly Average (kg TP/d) 2.2 2.5 2.5 1.7 - 

Wastewater Volume to Land (m3/d) 0 1,878 4,274 4,600 4,569 4,399 4,319 3,780 3,694 3,173 285 0 - 

Irrigation Locations[2] - FF,WDS FF, WDS FF,WDS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS - - 

Irrigation depth (mm/month) 0 44 70 65 50 40 40 30 32 35 15 0 421 mm/yr 

2 Discharge to River (m3/d) 1,544 5,108 8,074 8,400 2,500 2,500 2,500 2,500 2,500 2,500 2,500 223 - 

TN Quarterly Average (kg TN/d) 49 45 25 17 - 

TP Quarterly Average (kg TP/d) 4.9 2.2 1.3 1.7 - 

Wastewater Volume to Land (m3/d) 0 0 0 0 5,869 5,699 5,619 5,080 4,994 4,071 391 0 - 

Irrigation Locations[2] - FF,WDS FF, WDS FF,WDS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS - - 

Irrigation depth (mm/month) 0 0 0 0 90 100 95 73 76 60 9 0 503mm/yr 

Notes: 

1. Option 1 is in not included in this table as it is not feasible hydraulically 

2. Irrigation location: FF=Fonterra Farms, AF = All Farms, WDS = Well drained soils, AS = All soils. 

3. Irrigation depth based on modelled irrigation rates for Bardowie Horotiu soils. 
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Option Parameter Jul Aug Sep Oct Nov Dec Jan  Feb Mar Apr May Jun Annual total Load  

2A Discharge to River (m3/d) 1,544 3583 6,498 6,875 2,500 2,500 2,500 2,500 2,500 2,500 2,500 223 - 

TN Quarterly Average (kg TN/d) 39 40 25 17 - 

TP Quarterly Average (kg TP/d) 3.9 2.0 1.3 1.7 - 

Wastewater Volume to Land (m3/d) 0 1,525 1,576 1,525 5,869 5,699 5,619 5,080 4,994 4,070 391 0 - 

Irrigation Locations[2] - FF,WDS FF, WDS FF,WDS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS - - 

Irrigation depth (mm/month) 0 22 23 23 90 100 95 73 76 60 9 0 571 mm/yr 

2B Discharge to River (m3/d) 1,544 3,583 6,498 6,876 2,500 0 0 0 2,500 2,500 2,500 223 - 

TN Quarterly Average (kg TN/d) 39 31 8 17 - 

TP Quarterly Average (kg TP/d) 3.9 1.6 0.4 1.7 - 

Wastewater Volume to Land (m3/d) 0 1,525 1,576 1,525 5,869 8,199 8,119 7,580 4,994 4,070 391 0 - 

Irrigation Locations[2] - FF,WDS FF, WDS FF,WDS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS - - 

Irrigation depth (mm/month) 0 25 25 25 105 150 150 120 80 85 15 0 780 mm/yr 

2C Discharge to River (m3/d) 1,544 2,853 5,198 5,576 2,500 0 0 0 2,500 2,500 2,500 223 - 

TN Quarterly Average (kg TN/d) 32 27 8 17 - 

TP Quarterly Average (kg TP/d) 3.2 1.3 0.4 1.7 - 

Wastewater Volume to Land (m3/d) 0 1,525 1,576 1,525 4,569 6,899 6,819 6,280 3,694 3,172 285 0 - 

Irrigation Locations[2] - - - - FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS - - 

Irrigation depth (mm/month) 0 25 25 25 80 125 122 100 60 55 15 0 632 mm/yr 

3 Discharge to River (m3/d) 1,544 4,378 6,774 7,100 7,069 6,899 6,819 6,280 6,194 5,673 2,785 223 - 

TN Quarterly Average (kg TN/d) 30 49 45 20 - 

TP Quarterly Average (kg TP/d) 4.2 2.5 2.3 2.9 - 

Wastewater Volume to Land (m3/d) 0 0 0 0 0 0 0 0 0 0 0 0 0 

W
a

st
e

w
a

te
r 

B
P

O
 S

tr
a

te
gy

[4
]  

Discharge to River (m3/d) 1,350 3,000 5,510 5,700 2,160 2,110 1,860 1,490 1,980 2,290 1,290 190 - 

TN Quarterly Average (kg TN/d) 33 33 18 13 - 

TP Quarterly Average (kg TP/d) 3.3 1.7 0.9 1.2 - 

Wastewater Volume to Land (m3/d) 0 1,470 1,510 1,650 5,160 5,040 5,200 5,110 4,550 3,440 1,240 0 - 

Irrigation Locations[2] - FF,WDS FF, WDS FF,WDS FF, AS FF, AS FF, AS FF, AS FF, AS FF, AS FF, WDS - - 

Irrigation depth[5] (mm/month) 0 34 34 39 87 88 91 81 78 56 29 0 620 mm/yr 

Notes: 

1. Option 1 is in not included in this table as it is not feasible hydraulically 

2. Irrigation location: FF=Fonterra Farms, AF = All Farms, WDS = Well drained soils, AS = All soils. 
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Option Parameter Jul Aug Sep Oct Nov Dec Jan  Feb Mar Apr May Jun Annual total Load  

3. Irrigation depth based on modelled irrigation rates for Bardowie Horotiu soils. 

4. Results based on long-term averages from a 46 year hydraulic modelling simulation 

5. Average for well-drained soils on the Bardowie, Bruntwood, Buxton and Buxton Extension farms. 
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8. SELECTION OF THE BPO 

Based on the information and analyses in the preceding sections of this report, the selection 

of the BPO as defined in the RMA 1991 for the Hautapu wastewater management system is 

assessed as follows. This assessment is summarised in tabular form in the ‘traffic light’ in 

Table 5.  

The table includes an assessment of the viability of each option against selected criteria.  

Green colour indicates Acceptable, amber indicates marginal and red indicates not 

acceptable.   
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Table 5: Summary Assessment of Wastewater Management Options 
 

 Options 1: 

Status Quo 

with WWTP 

1A: 

Option 1 with 

extra 90 ha 

1B: Option 1 

with WW 

storage 

1C: Option 1 

with WW 

Reuse 

2: 

Winter/ Spring 

discharge to 

River 

2A: 

Option 2 with 

limited spring 

irrigation 

2B: Option 2A 
with no river 
discharge Dec 

– Feb 

2C: 

Option 2B 
with WW 

Reuse 

3: 

Full River 
discharge with 

Reuse 

Wastewater 

BPO Strategy 

Option BPO 

Criteria           

Discharge to 

River 

Change in TN 

load1 

Oct–Mar (%) -71% -71% -71% -71% -60% -63% -77% -80% -46% -71% 

Annual (%) -65% -65% -65% -65% -46% -52% -62% -66% -43% -62% 

Change in TP 

load1 

Oct–Mar (%) -12% -12% -12% -12% -39% -43% --65% -69% -17% -55% 

Annual %) +2% +2% +2% +2% +16% 0% -13% -23% +35% -19% 

Change in Annual WW Volume 

to River (%)2 
+72% +72% +72% +72% +162% +132% +85% +64% +295% +86% 

Wastewater 

Irrigation 

Hydraulic load3 
Drainage 

Problems 
Acceptable Acceptable Acceptable Acceptable Acceptable 

Drainage 
Problems 

Marginal Acceptable Acceptable 

Reliance on 3rd party Farms Yes Yes Yes Yes No No No No No No 

Change in Annual WW Volume 

to Land (%)4 
-11% -11% -10% -32% -39% -30% -15% -30% -100% -33% 

Wastewater 

Irrigation 

Reliability/robustness of 

operation5 
Poor Average Average Average Good Good Poor Average Good Good 

CAPEX6 $43.0M $66.9M $46.0M $42.8M + RO $44.5M $44.5M $44.5M $43.4M + RO $24.4M + RO $44.5M9 

OPEX $5.2M $5.3M $5.3M $5.3M + RO $3.0M $3.0M $3.0M $3.0M + RO $2.6M + RO $3.0M9 

NPV Costs $75.6M8 $98.9M $78.6M $75.5M +RO $60.8M $60.8M $60.8M $59.8M + RO $37.6M + RO $60.8M9 

Addresses Stakeholder 

Concerns7 
Poor Average Good Good Good Good Average Good Poor Good 

Notes: 

1. Change in nutrient loads are shown as the percentage change from the load that was discharged to the Waikato River in 2016 -2017 processing season. 

2. Change in annual volume to river is shown as the percentage change from the volume discharged to the Waikato River in the 2016-2017 processing season. 

3. Hydraulic load indicates the likelihood of times during the year when the soils will experience drainage problems due to the irrigation of wastewater. 
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4. The change in annual volume going to land is shown as a percentage change from the volume that was irrigated in the 2016 – 2017 processing season.  This criterion also provides an indicator of how tangata whenua may 

view the options, due to their preference for land treatment of wastewater. 

5. Reliability/ Robustness of operation is an indication of how easy the wastewater treatment and discharge system will be to ma nage.  This ease of operation is threatened by soil drainage problems and reliance on 3rd 

party farms. 

6. Not allowed for in the NPV assessment are: economics of operating the Fonterra farms (or their sale), any changes in personnel costs and costs/ savi ngs of wastewater reuse (assessed separately by DETA Ltd). All costs are 

in $NZD and exclude GST and currency fluctuation. 

7. Addressing Stakeholder Concerns is a judgement across a range of parameters.  Option 4 (100% discharge to river) is likely to fail due to tangata whenua conc erns.  Other options that will be difficult to consent will be 

those that cause drainage problems (Options 1 and 2b) or seek to expand the irrigation area (Option 1a), due to opposition from neighbouring residences.  

8. Current system NPV cost based on Option 1b but includes short term storage only and not long -term storage. 

9. Wastewater BPO Strategy cost estimates based off Option 2, 2a and 2b (all priced in 2017) and do not include wastewater reduction costs.  
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Based on this assessment, Options 1, 1A, 2B, 2C and 4 were rejected for the following 
reasons: 
Option 1 (the status quo discharge method of maximum 2,500 m3/day river discharge and 

irrigation onto the current irrigation areas, and no wastewater storage) would not resolve 

the current challenges with hydraulic loading of the irrigation areas during winter and early 

spring.  

Option 1A (increasing the well-drained irrigation area by 90 ha) is technically feasible, but 

was rejected for the following reasons: 

 It relies on ongoing access to all of the Satellite Farms. Should any of the Satellite Farms 

withdraw from the irrigation scheme, irrigation would become hydraulically challenging 

during winter/early spring. Fonterra considers that having guaranteed long-term access 

to all irrigation areas is a key requirement for the selected wastewater management 

option.  

 It requires procuring a further 90 ha of well-drained soils, which would require 

purchasing about 180 ha of additional farmland13. There is considerable doubt about the 

feasibility of securing this amount of suitable farmland within a practical distance of the 

Hautapu site.  

 The capital cost of this option is estimated at $66.9M, which is at least 70% higher than 

any of the other technically feasible options. Option 1A does not offer any significant 

benefits beyond those offered by the other technically feasible options, so the 

significantly higher cost of Option 1A is not justifiable on a cost/benefit basis.  

Option 2B (100% river discharge from July to October, and 100% irrigation between 

December and February) was rejected because it would involve significant hydraulic loading 

challenges for the irrigation system during summer; e.g. it would result in surface ponding 

during some years. It might also result in deterioration in soil quality due to the soils not 

being allowed to dry out during the summer period.  

Option 2C (same as Option 2B, with increased RO reuse), while less hydraulically 

challenging than Option 2B due to the reduced wastewater volumes to be irrigated, would 

still be challenging during some years; 100% summer irrigation during all years is not 

considered feasible.  

Option 3 (100% river discharge year-round) would eliminate the land treatment component 

of the existing wastewater management system. As discussed in Section 7.3.9, it is 

considered that this would be inconsistent with the aspirations of tangata whenua, who 

would likely strongly oppose such a proposal. Fonterra therefore considers that this option 

is not feasible. 

 
13  This “additional land” is additional to the purchase of the Buxton Extension, which was required to compensate 

for the loss of irrigation area associated with the western part of the Bardowie Farm.  
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Of the remaining technically feasible shortlisted options (Options 1B, 1C, 2, 2A and BPO), 

Option BPO is considered the best practicable option for the following reasons.  

From the modelling assessments undertaken Option BPO has been estimated to result in 

the following reduction in nitrogen and phosphorus loads to the Waikato River (based on 

the assessments undertaken at the time to support the BPO analysis): 

 Average TN loads to the Waikato River during the critical algal-growing spring/summer 

months of October to March will be reduced from existing levels by approximately 60%.  

 Annual TN loads will reduce by approximately 50%.  

 Average TP loads to the river during the critical spring/summer months will reduce by 

about 40%. Annual TP loads (which are already relatively low) will remain about the 

same.  

While Options 1B, 1C,  2 and 2A would also result in significantly reduced N and P loads to 

the river, Option BPO has the following advantages over those options: 

 Unlike Options 1B and 1C, Option BPO does not rely on retaining access to third-party 

farms long term. As discussed throughout this report, Fonterra considers that having 

guaranteed long-term access to all irrigation areas is a key requirement for the selected 

wastewater management option. Furthermore, Options 1B and 1C do not offer any 

significantly better benefits than Option BPO. Option BPO is therefore considered 

superior to Options 1B and 1C.  

 Option 2A was the BPO prior to the partial sale of the Bardowie Farm (and relies on the 

full Bardowie Farm irrigable area).  This option was not considered feasible following 

the sale of part of the Bardowie Farm as the BEF only partially contributes to offsetting 

the loss of land. Further land would need to be purchased to make this option feasible. 

 Option BPO is considered an environmental refinement of Option 2, in that Option BPO 

will offer better reductions in nitrogen and phosphorus loads (the latter during the 

summer months) to the Waikato River than Option 2. Option 2 does not offer any 

environmental advantages over Option BPO. Option BPO is therefore superior to 

Option 2. 

While it is considered that Options 2B and 2C (i.e. zero river discharge between December 

and February) are not feasible, Fonterra will commit to making ‘best endeavours’ to 

maximise irrigation and minimise river discharge below 2,500 m3/day during December to 

February, i.e. it will strive to meet the objectives of Options 2B and 2C as much as is 

practicable. 
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9. CONCLUSION  

This report concludes that Option BPO is the best practicable option for the Hautapu 

Wastewater Strategy. Option BPO involves:  

 Treating the combined LSW and MSW in an extended aeration biological wastewater 

treatment plant; 

 Discharging approximately 80% of the treated wastewater to the Waikato River from 

July to October, with the remaining 20% being irrigated on the Fonterra Farms as 

practical;  

 Discharging approximately 2,500 m3/day of treated wastewater to the Waikato River 

during November to June, and spray irrigating the remaining wastewater on the 

Fonterra Farms.   

Implementing changes within the Hautapu manufacturing plant to reduce the amount of 

water used through water minimisation and re-use of permeate via RO treatment. This 

reduction in water use will occur in two stages, by December 2018 and by March 2021 

respectively to achieve a total water usage reduction of approximately 1,050 m3/day. 

Modelling assessments have been made to determine the feasibility of hydraulic loadings 

or wastewater application doses onto the soils, and these hydraulic modelling outputs have 

then been used in the Overseer model to estimate leaching losses. While every attempt has 

been made to ensure the integrity of data and to calibrate the model caution does need to 

be made in seeking to apply literally the model outputs. As such the estimated reductions 

in nitrogen and phosphorus both to the River and lost by leaching and overland losses to 

drains and surface water are a ‘best estimate’ of the best practicable option. It would 

however be inappropriate to suggest these reductions should be ‘locked in’ as performance 

standards in any consent conditions. 

Whilst acknowledging the above, Fonterra considers that Option BPO will provide the 

following key environmental benefits in comparison with the existing wastewater 

management system: 

 Option BPO will resolve the hydraulic loading challenges with the existing irrigation 

system during winter and early spring. It will also provide a hydraulically sustainable 

irrigation system during the remainder of the year.  

 While Option BPO involves an increase in the volume of wastewater discharged to the 

Waikato River during Spring (August to October), there will be a significant reduction in 

nutrients discharged to the River. 

 Average nitrogen loads to the Waikato River during the critical algal-growing 

spring/summer months of October to March will be reduced from existing levels by 

about 60%.  

 Annual nitrogen loads will reduce by about 50%.  
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 Average phosphorus loads to the river during the critical spring/summer months will 

reduce by about 40%. Annual phosphorus loads (which are already relatively low) will 

remain about the same.  

 Nitrogen leaching on the Fonterra Farms will be kept below 30 kg/ha/year. 

 Phosphorus loading rates to the Fonterra Farms will be significantly from current 

loadings typically greater than 300 kg/ha/yr to less than 85 kg/ha/year. In conjunction 

with the proposed conversion from dairying to cut-and-carry land use, it is considered 

this will stabilise soil Olsen P levels. 

When compared with the other shortlisted wastewater management options, Option BPO 

has the following advantages:  

 Option BPO is able to be achieved being totally reliant on the use of the Fonterra Farms 

without retaining access to third-party farms. Fonterra considers that having guaranteed 

long-term access to all irrigation areas is a key requirement for the selected wastewater 

management option.  

 Option BPO has been assessed based on the sale of part of the Bardowie Farm and 

the purchase and proposed wastewater irrigation onto the Buxton Extension Farm. Like 

the other farms this will be converted to extensive cut and carry of pasture with small 

numbers of dry stock. 

 Unlike the year-round 100% river discharge option considered (Option 3 – which is the 

cheapest shortlisted option), under Option BPO a minimum of approximately two-thirds 

of the wastewater will continue to be irrigated to land during late spring, summer and 

autumn, similar to the existing wastewater management system.  

 It is considered that Option BPO has superior benefit/cost compared with all other 

options.  

 As confirmed in the Planning Assessment, the activities that are the subject of the 

applications by Fonterra (to enable the implementation of Option BPO) are consistent 

with the objectives and policies in the relevant policy and planning documents. 

The other shortlisted options do not offer any significantly better environmental benefits 

than Option BPO.  

It is noted that although Option BPO is not reliant on retaining the third-party farms as part 

of the wastewater irrigation system, Fonterra has no intention of discontinuing irrigation of 

those farms, with the exception of the Fencourt Farm. It is in Fonterra’s interests to retain 

access to the Satellite Farms for wastewater irrigation if possible, as it will make wastewater 

irrigation of the Fonterra Farms during the months of October to June more manageable 

and provides an ability to minimise the volume of treated wastewater discharged to the 

Waikato River. The intention is to irrigate as much wastewater to land as possible but have 

the ability to treat wastewater to a high standard and discharge it to the Waikato River at 
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times when it is not practical to irrigate it to land (due to weather and soil conditions). Option 

BPO will also provide benefits to third-party farm irrigation management, as it will provide 

greater flexibility to the irrigation system.  

 



 

 

A 
APPENDIX A 

Option Screening Assessment 



 

 

Option Screening Assessment 

The first stage in the BPO assessment comprised a screening assessment, involving a high-

level assessment of a wide range of options and narrowing down these options to a shortlist 

for more detailed assessment. The following describes the process followed and the options 

assessed. 

Preliminary decisions  

Some preliminary Overseer modelling was undertaken by Fonterra prior to carrying out the 

screening assessment to identify what irrigation nitrogen load limits were required to keep 

nitrogen leaching below the adopted criteria of no more than 30 kg N/ha/year. This showed 

that any option, almost irrespective of the irrigation area available, would require some form 

of wastewater treatment to reduce nitrogen irrigation loads. Therefore, for most of the 

options considered for the screening assessment, a WWTP that could achieve nitrogen 

removal was assumed. 

Nineteen preliminary options were addressed by the technical experts prior to and at a 

workshop held on 1 August 2017. The screening assessment of these options is summarised 

in Table A below. Some of the options were variations on a common theme. The assessment 

process is described in more detail below. 

 

 



 

 

Table A: Summary of Screening Assessment  

No. Seasonal discharge to river vs 
land 

Maximum 
river 
discharge 
(m3/d) 

Increased 
LSW reuse?  

Wastewater treatment for: Wastewater storage: Changes in 
irrigation area 

Reason for 
rejection, or 
shortlisted  

    River 
discharge 

Land 
discharge 

Short term 
30,000 m3 

Long term 
150,0000 m3 

  

Notes: If a cell is blank, read as ‘nil’ or ‘N/A’ 

“River winter/spring; Irrigate summer + contingency” means 100% discharge to river winter/spring, irrigate in summer except discharge to river during wet weather (‘contingency’) 

“Treat and reuse” for LSW refers to treatment of LSW such that it can be reused in the manufacturing plant, either for non-product contact or product-contact purposes. 

(i) Status quo 2,500 m3/d  Yes Yes Yes   SHORTLISTED AS 
OPTION 1 

(ii) Status quo 2,500 m3/d  Yes Yes Yes  Additional 90 ha 
well drained soils 

SHORTLISTED AS 
OPTION 1A 

(iii) Status quo 2,500 m3/d  Yes Yes  Yes  SHORTLISTED AS 
OPTION 1B 

(iv) Status quo 2,500 m3/d 1,300 m3/d Yes Yes Yes   SHORTLISTED AS 
OPTION 1C 

(v) Winter/spring: 100% River 

Summer: 2,500 m3/d river + 
irrigate (wet weather 
contingency 100% river) 

All LSW & 
MSW 
winter 

2,500 m3/d 
summer 

 

Yes Yes   Fonterra land 
only 

SHORTLISTED AS 
OPTION 2 

(vi) As per No. (v) + minor 
winter/spring irrigation  

All LSW & 
MSW 
winter 

2,500 m3/d 
summer 

 Yes Yes   Fonterra land 
only 

SHORTLISTED AS 
OPTION 2A 



 

 

No. Seasonal discharge to river vs 
land 

Maximum 
river 
discharge 
(m3/d) 

Increased 
LSW reuse?  

Wastewater treatment for: Wastewater storage: Changes in 
irrigation area 

Reason for 
rejection, or 
shortlisted  

    River 
discharge 

Land 
discharge 

Short term 
30,000 m3 

Long term 
150,0000 m3 

  

(vii) As per No. (vi) + 100% 
irrigation summer 

All LSW & 
MSW 
winter 

Nil summer 

 Yes Yes   Fonterra land 
only 

SHORTLISTED AS 
OPTION 2B 

(viii) As per No. (vii) + LSW reuse All LSW & 
MSW 
winter 

Nil summer 

1,300 m3/d Yes Yes   Fonterra land 
only 

SHORTLISTED AS 
OPTION 2C 

(ix) 100% River winter/spring;  

Irrigate summer + 
contingency1 

All LSW + 
MSW 

Reuse Yes Yes   Status quo Risk of loss of 
Satellite Farms; no 
advantages over (v) 
or (vi)   

(x) Managed aquifer recharge + 
part irrigation 

Nil  Yes Yes   Existing + MAR Hydraulic 
limitations, risks to 
aquifer 

(xi) 100% Managed aquifer 
recharge  

Nil   Yes Yes   MAR only Hydraulic 
limitations, risks to 
aquifer 

(xii) 100% river discharge year-
round 

9,500 m3/d 1,300 m3/d Yes    No irrigation SHORTLISTED AS 
OPTION 3 

(xiii) 100% wastewater reuse as 
potable water (closed loop) 

Nil Treatment & 
100% reuse 
9,500 m3/d 

    No irrigation Regulatory & food 
safety barriers. 
Prohibitively 
expensive. 



 

 

No. Seasonal discharge to river vs 
land 

Maximum 
river 
discharge 
(m3/d) 

Increased 
LSW reuse?  

Wastewater treatment for: Wastewater storage: Changes in 
irrigation area 

Reason for 
rejection, or 
shortlisted  

    River 
discharge 

Land 
discharge 

Short term 
30,000 m3 

Long term 
150,0000 m3 

  

(xiv) 100% wastewater reuse as 
potable & rinse water (closed 
loop) 

Nil Treatment & 
100% reuse 
9,500 m3/d 

    No irrigation Limited use for 
recycled non-
potable water 

Regulatory & food 
safety barriers for 
potable water 

(xv)  100% irrigation, existing 
system  

Nil 1,300 m3/d  Yes Yes  Status quo Not hydraulically 
feasible 

(xvi) 100% irrigation  Nil 1,300 m3/d  Yes  Yes Extra ~200 ha Challenges with wet 
weather irrigation 

(xvii) 100% irrigation  Nil 1,300 m3/d  No WWTP  Yes Extra ~200 ha Costs very high; 
excessive N leaching 

(xviii) 100% irrigation  Nil 1,300 m3/d  Yes   Extra ~85 ha Challenges with wet 
weather irrigation 

(xix) 100% irrigation  Nil 1,300 m3/d  Yes  Yes Extra ~200 ha Hydraulically 
feasible but costs 
very high; no 
significant benefits 
over partial river 
discharge options (ii) 
and (iv) 



 

 

 (i): WWTP, status quo flows to river and irrigation – Shortlisted as Option 1  

This option involves treating the combined LSW and MSW, and discharging up to 2,500 m3/d 

of the treated wastewater to the Waikato River and irrigating the remaining to land. This was 

shortlisted as Option 1. Three sub-options (Options 1A, 1B and 1C) were also considered and 

shortlisted as follows: 

(ii): Shortlisted as Option 1A is the same as shortlisted Option 1, with increased irrigation 

area of 90 ha of well-drained soils; and with a short-term wastewater storage reservoir 

(30,000 m3). This option would provide 4 days’ storage to avoid irrigation during extreme 

wet weather events. It also provides increased irrigation area to reduce hydraulic and 

nutrient loads.  

(iii): Shortlisted as Option 1B is the same as shortlisted Option 1, with a long-term 

wastewater storage reservoir (150,000 m3); to avoid the need to irrigate poorly drained soils 

during winter months. This option has no increase in irrigation area.  

(iv): Shortlisted Option 1C is the same as shortlisted Option 1, with increased LSW reuse to 

reduce wastewater flows by about 1,300 m3/day (as described in Section 5.1.1, which reduces 

irrigation hydraulic loads. This option has no increase in irrigation area, but includes a 

25,000 m3 short-term wastewater storage reservoir. 

(v): 100% winter/spring river discharge – Shortlisted as Option 2 

This option involves treating the combined LSW and MSW to a standard suitable for 100% 

discharge (about 8,500 m3/day) to the Waikato River during August to October. During the 

remainder of the year, 2,500 m3/day would be discharged to the river, with the remainder 

irrigated, with the contingency of 100% river discharge during wet weather events, if 

irrigation is not feasible. This option was shortlisted as Option 2. Three sub-options (Options 

2A, 2B and 2C) were also considered and shortlisted as follows. None of these options 

involve an increase to the irrigation area.  

(vi): Shortlisted Option 2A is the same as shortlisted Option 2, with minor irrigation carried 

out as practical during August to October.  

(vii): Shortlisted Option 2B is the same as shortlisted Option 2A, but with 100% irrigation 

during the summer months of December to February.  

(viii): Shortlisted Option 2C is the same as shortlisted Option 2B, but with increased LSW 

reuse to reduce wastewater flows by about 1,300 m3/day, which reduces irrigation hydraulic 

loads. 

 

 

 



 

 

(ix): 100% winter/spring river discharge, status quo irrigation areas – Rejected 

This is the same as shortlisted Option 2 but includes all the existing irrigation farms. This 

option was rejected, as it has the uncertainty of third-party farm operations that are outside 

of Fonterra’s control. 

(x) and (xi): Managed Aquifer Recharge – Rejected  

This option involves use of Managed Aquifer Recharge (MAR) either as the sole discharge 

method, or in combination with irrigation, to avoid a river discharge.  

MAR involves discharging the wastewater into: 

 the shallow Hinuera Aquifer (depth 0 – 20 m) via infiltration basins, or  

 into the deeper Hautapu Aquifer (depth > 60 m) via reinjection bores.  

Golder Associates undertook preliminary investigations into this option for Fonterra 14.  

The option was rejected by Fonterra for the following reasons: 

 MAR has not been used as a wastewater discharge method in New Zealand before, 

and thus presents risks due to it being an untested method in New Zealand.  

Infiltration basins for Hinuera Aquifer 

 The groundwater table in the Hinuera Aquifer is only 2 to 4 m below the ground surface, 

which would result in hydraulic loading challenges for MAR infiltration basins.  

 The Hinuera Aquifer is used by some neighbours for their domestic groundwater 

supply. Even with a highly treated wastewater, these neighbours may have concerns 

with wastewater being discharged directly into the aquifer. 

 The presence of lower permeability zones in the shallow sub-surface could limit 

infiltration rates, making the hydraulic loading challenging, and introducing uncertainty 

around the shallow groundwater flow directions. 

Injection into Hautapu Aquifer 

 The deeper Hautapu Aquifer is used by the site for its water supply. Injection into the 

Hautapu Aquifer could present a risk to the site’s existing secure water supply. 

 There is a risk of chemical clogging of the injection bore screen, either due to source 

water or receiving water (local groundwater) conditions. 

 

 
14  ‘Potential of Managed Aquifer Recharge for Wastewater Disposal – Fonterra Hautapu – High Level Feasibility 

(Golder Associates, August 2017) presented in Appendix B.  



 

 

(xii): 100% river discharge year-round – Shortlisted as Option 3 

This option involves treating the combined LSW and MSW to a standard suitable for 100% 

discharge to the Waikato River, year-round. It also includes increased LSW reuse (as 

described in Section 5.1.1 above) to minimise the wastewater volumes. 

(xiii), (xiv): Full wastewater treatment and reuse – Rejected  

This option involves treating the LSW and MSW to a degree that all or most of the 

wastewater could be recycled for reuse at the site either as potable water or a mixture of 

potable and non-potable water – i.e. a ‘closed loop’ system. The discharge to the river and 

onto land would be largely discontinued.  

Treating to a potable standard would require a range of treatment methods such as 

ultrafiltration combined with reverse osmosis and UV disinfection of the wastewater. As 

discussed in Section 5.1.1 above, there are potential regulatory and perceived food safety 

risk considerations that mean recycled water cannot be used as potable water. This limits 

reuse to non-potable uses such as rinse water, and there is no requirement for non-potable 

water at the site beyond an additional approximately 1,300 m3/day. This option therefore 

does not offer any benefits beyond those that would be achieved by Options 1C, 2C and 3 

above. This option was therefore rejected. 

(xv) to (xix): 100 % irrigation – Rejected  

These options all involve irrigating all the wastewater year-round and abandoning the 

existing riverline discharge. A number of sub-options were considered, which involved a mix 

and match of the following management methods in addition to the existing wastewater 

irrigation system: 

 Establishment of a WWTP for the combined LSW and MSW streams as discussed in 

Section 5.1.2 above 

 LSW reuse to reduce wastewater volumes by a further c. 1,300 m3/day.  

 Short term or long term treated wastewater storage to avoid irrigation during wet 

weather (as discussed for Options 1A and 1B above). 

 Procurement of new irrigation land providing between 85 and 200 ha of well-drained 

soils that would be highly suitable for year-round irrigation. It was estimated that for 

every 1 ha of well drained soils the procurement of at least 2 ha of farmland would be 

required (e.g. 400 ha of farmland would be required to provide 200 ha of well drained 

soils).  

As discussed above, the key challenge with wastewater irrigation during winter and early 

spring is management of the hydraulic loading. The 100% irrigation sub-options were 

therefore assessed by PDP using a hydraulic model. This resulted in the following 

conclusions: 



 

 

 PDP’s modelling showed that a combination of LSW reuse, long term wastewater 

storage (i.e. a 150,000 m3 reservoir) and the securing of an additional approximately 

200 ha of well drained soils (i.e. procuring approximately 400 ha of new farmland) 

would be required to provide a hydraulically manageable system for 100% irrigation 

year-round. This new irrigation land would need to be purchased rather than owned by 

third parties to provide long-term security of access to the land for irrigation. Preliminary 

costs estimates for this option were well in excess of $100 million. Given that this option 

would not provide environmental benefits significantly better than those offered by 

Options 1A or 2A above, the 100% irrigation option was rejected and not assessed 

further.  
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1.0 BACKGROUND 

Fonterra Limited (Fonterra) has requested Golder Associates (NZ) Limited (Golder) to support a high level 

assessment of the potential for adopting Managed Aquifer Recharge (MAR) techniques as alternatives for 

the disposal of treated wastewater, or other relatively clean wastewater streams, that are generated by 

Fonterra Hautapu. 

Fonterra has requested a technical memorandum be prepared to assist them in considering the potential for 

MAR of the Hautapu dairy factory wastewater.  The application of MAR techniques is seen by Fonterra as 

offering possible opportunities to: 

1) Offset wet weather treated wastewater storage requirements 

2) Offset the need to increase the land area available for irrigation of wastewater 

3) Provide alternatives to wastewater discharge to the Waikato River. 

As part of the process for Fonterra to replace consents for the discharge of wastewater onto land or for the 

discharge of process wastewater to the Waikato River, there are requirements under the Resource 

Management Act for Fonterra to consider alternatives to both the discharge method and also the receiving 

environment.  Therefore, the requested report is to assist Fonterra in evaluating, at a high level, the 

strengths, weaknesses, opportunities and threats for adopting MAR as a wastewater disposal option.  

Fonterra Hautapu is seeking to understand where MAR stands in terms of the potential constraints and costs 

invested to achieve the required environmental outcomes, including the effects on nutrient (nitrogen and 

phosphorus) levels, sediment loads and bacterial contaminant concentrations. 

Fonterra is seeking a greater technical understanding of the water quality that would be required to be 

achieved, to enable the sustainable injection (or infiltration) of wastewater to the groundwater, the technical 

aspects and process controls necessary and / or the costs associated with such a treatment / disposal 

alternative.  The objective of the technical memorandum is to enable Fonterra to consider if a MAR disposal 

option should be discounted or if the strengths and opportunities offered by available techniques outweigh 

the weaknesses, therefore justifying the completion of a more detailed assessment of MAR feasibility for the 

site, including a detailed cost analysis. 
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2.0 SCOPE OF WORK 

The key elements of the scope of work are: 

 A high level evaluation of the strengths, weaknesses, opportunities, and threats for wastewater MAR 

disposal at the Hautapu Dairy Factory site (Section 3.0).   

 An initial review and assessment of the hydrogeological characteristics of the Hautapu site and 

surrounds, to determine the groundwater conditions, potential target aquifers and feasibility for injection 

or infiltration using treated wastewater (Section 4.0). 

 A high level assessment of the general water quality (including nutrients) that would be required to be 

achieved to enable the sustainable injection (or infiltration) of wastewater to the groundwater 

environment (Section 5.0). 

 Identify where MAR is undertaken in NZ and Australia and determine if it would be feasible for industrial 

processed wastewater to be disposed of to the Hautapu groundwater environment using MAR 

techniques.  Indicative costs for the required treatment scenarios are difficult to determine given the 

high level nature of this initial work, however comment are made on relative costs associated with 

similar MAR schemes in NZ and overseas (Section 6.0). 

 

3.0 OVERVIEW 

3.1 Introduction 

This section briefly outlines the strengths, weaknesses, opportunities and threats associated with infiltration 

of wastewater at the Hautapu site.  Potential technical issues with applying MAR techniques at the Hautapu 

site are briefly outlined here.  Further information giving a background to this summary is provided in 

Sections 4.0, 5.0 and 6.0. 

Golder considers that MAR has potential as a disposal option for wastewater at the site.  The potential 

infiltration / injection options have some challenges and potential issues that would require consideration and 

investigation in a more detailed feasibility study.  MAR techniques could potentially be applied for 

supplementary wastewater disposal during periods of peak wastewater production and for the storage of 

water for peak demand use.  The amount of additional wastewater treatment required will depend on which 

local aquifer is to be the receiving aquifer and whether Fonterra or other users would subsequently seek to 

recover the water for later use. 

The deeper aquifers could potentially be useful for the storage of highly treated wastewater that could be 

subsequently recovered and utilised during periods of high water demand.  The risk to water supply security 

for the existing bore field would need to be addressed through the design, placement and treatment levels 

for the MAR system.  There may be potential for utilising the deepest aquifer accessed by bores at the site 

(tapped by Bore 8) for the specific MAR concept of Aquifer Storage and Recovery (ASR), provided a bubble 

of treated water can be introduced and maintained in the aquifer. 

The shallow Hinuera Aquifer offers potential for the use of infiltration basins.  Detailed hydrological 

assessments and modelling would be required to ensure contamination of local water supplies and streams 

would be avoided, or would occur at an acceptably low level.  A small pilot trial could be used to investigate 

the viability of infiltration to the Hinuera Aquifer as a disposal option. 

 

3.2 Strengths 

Shallow infiltration (Hinuera Aquifer) 
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 The shallow sands/gravels of the Hinuera Aquifer offer potential for accepting treated wastewater 

infiltrated through basins, with challenges as outlined in Section 4.0.  Due to the potential area that 

basins can offer for infiltration, the recharge rates can be relatively large compared to deep injection 

bores, all other factors being equal. 

 The control of biological growth clogging the floor of a basin is more easily managed than biological 

clogging in bores. 

 Infiltration basins offer water storage and therefore flow buffering capacity, which means operational 

management of the MAR system is easier than for an injection bore. 

Deep injection (Hautapu Aquifer and deeper) 

 Deep injection has the benefit in that it avoids environmental effects on local stream water quality as the 

injected water moves through the deeper groundwater system.  There is potential attenuation of 

nutrients (denitrification) through long flow paths to final surface water discharge locations.  In the case 

of Hautapu, these final discharge locations are many kilometres down-gradient from the site. 

 Recharge of previously abstracted water back into the local groundwater system can be used to 

achieve an improved water balance for the catchment / groundwater system.  The additional recharge 

can reduce any local long-term drawdown effects of groundwater abstraction. 

 The deeper aquifers beneath the site can potentially be used for the storage of highly treated 

wastewater.  Excess water generated during times of high production and wet weather (spring) can 

potentially be stored in the local aquifers for abstraction during periods of high demand (summer).  This 

process could be achieved through the implementation of an ASR scheme.  The deepest bore on site 

(Bore 8) is screened in an aquifer with natural water quality that is not ideal for site use.  The availability 

of an existing unused water supply bore for a trial, together with the potential to inject and recover better 

quality water than is currently available from this aquifer, suggests an ASR opportunity is available 

targeting this deep aquifer. 

 

3.3 Weaknesses 

Shallow infiltration (Hinuera Aquifer) 

 The Hinuera Aquifer has relatively shallow groundwater levels (between 2 m – 4 m below ground level) 

so there is limited unsaturated zone (freeboard) for use of infiltration basins.  The limiting factor will be 

the hydraulic properties of the shallow aquifer and unsaturated zone, which are linked to mounding of 

the groundwater table during infiltration.  The presence of lower permeability zones in the shallow sub-

surface and slow local groundwater velocities could limit infiltration rates and introduce uncertainty 

around the shallow groundwater flow directions.  More detailed on-site testing and investigations would 

be required to evaluate the local infiltration capacity. 

Deep injection (Hautapu Aquifer and deeper) 

 Injecting to the Hautapu Aquifer could present a risk to the existing secure water supply for the site.  

Analysis of water from the Hautapu bore field has indicated that the water is approximately 175 years 

old.  Introducing younger injected water to this aquifer could potentially introduce microbiological and 

other contaminants to the water supply. 

 By injecting wastewater through a bore, Fonterra would not be utilising the natural capacity of soils for 

further wastewater treatment.  In terms of reducing nitrogen loads in the groundwater system, an 

injection system would be relying on de-nitrification processes within the aquifer. 

 Monitoring the nutrient plume distribution in the deeper aquifers is more costly (deep piezometers) than 

monitoring the effects of wastewater irrigation on shallow groundwater. 
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 Chemical clogging of the injection bore screen, either due to source water or receiving water (local 

groundwater) conditions is an issue that is very likely to need management. 

 High dissolved iron and manganese concentrations in the water from Bore 8 indicates reducing 

conditions in the aquifer tapped by this bore.  Introduction of wastewater to this aquifer may lead to iron 

precipitation, clogging the bore screen and possibly the aquifer immediately surrounding the screen. 

 

3.4 Opportunities 

 MAR has potential to be used in conjunction with some of the current land treatment systems in place at 

Hautapu and could be utilised selectively to manage water during periods of high wastewater 

production. 

 A shallow infiltration pilot trial could be developed on a cost-effective basis to investigate the local 

shallow aquifer hydraulic properties, presence of any low permeability layers and potential infiltration 

rates. 

 There is potential to integrate wetland treatment systems with shallow infiltration basins to develop a 

combined wastewater polishing and disposal system. 

 Bore 8 may offer the opportunity for testing of an ASR system, initially without the need to inject 

wastewater to the receiving aquifer and therefore without compromising the security of the existing bore 

field and site water supply system. 

 Infiltrated or injected water can potentially be counted as a contribution in the local water balance to 

offset possible future increases in Fonterra’s water supply requirements from the groundwater system, 

especially if groundwater resources in the catchment become fully allocated.  Local interferences 

between bores would still need to be considered (Golder 2016b). 

 

3.5 Threats 

 There are concerns about MAR trials leading to the potential introduction of microbiological 

contaminants to the groundwater system.  These concerns are greater where the disposal of 

wastewater to an aquifer is being considered. 

 If additional treatment of the wastewater through a chlorination process is required to address the risk of 

microbiological contaminants, issues may arise from the formation of disinfection by-products. 

These are issues that can be dealt with through appropriate technical assessments from the early design 

stage through to the consent application stage, to ensure that bore water supplies are not significantly 

affected/degraded. 

 

3.6 Summary 

There is potential for the use of recharge basin(s) to infiltrate treated wastewater to the shallow Hinuera 

Aquifer.  The available freeboard is however not large and further work is required to evaluate the amount of 

water that could potentially be infiltrated.  Recharge basins would require management for biofouling and 

wetlands could potentially be used for additional treatment. 

The Hautapu Aquifer is not recommended as target for wastewater injection given the potential risk to the 

security of the existing plant water supply.  For an ASR system the “deeper” aquifer accessed by Bore 8 

could be potentially be used to store treated water during periods of high production (spring) for later 

abstraction. 

Table 1 compares the available aquifers in terms of risks, treatment levels and relative costs. 
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Table 1: Comparison of risks between potential aquifers 

Factor\Aquifer Hinuera Aquifer Hautapu Aquifer “Deeper” Aquifer 

Risks 
Water quality changes in 
local bores and streams. 

Loss of security of bore 
field water supply. 

Potential for iron 
clogging - but can be 
managed. 

Biofouling – if water not 
treated sufficiently 

Treatment levels 

Manage nutrient and 
sodium concentrations. 
Focus on better than 
existing groundwater 
quality, distance to 
streams and local bores. 

To existing water supply 
level; risk to security 

High level treatment for 
ASR system. 

Or lower level and show 
WRC that no short term 
impact (security risk) 
would arise 

Relative construction 
and operational costs 

Construction costs 
moderate.  Ongoing 
maintenance required, 
including cleaning of 
biofilms from infiltration 
basins. 

High operational costs 
linked to need for high 
level of treatment and 
intensive monitoring. 

Injection bore 
installation and 
associated water 
delivery pipeline 
construction costs may 
also be high 

If ASR system under 
consideration, high 
operational costs linked 
to need for high level of 
treatment and intensive 
monitoring. 

If water recovery from 
aquifer not desired, 
correspondingly lower 
treatment and 
monitoring costs. 

Relative pre-treatment 
costs 

Potential use of wetlands, 
less treatment required. 

High – treatment to a 
level for supply 

High – treatment to a 
level for supply 

 

 

4.0 HYDROGEOLOGY REVIEW 

4.1 Local Aquifer Characteristics 

The Hautapu Dairy Plant lies within the Hamilton Basin, a large tectonic basin centred on Hamilton City with 

an area of approximately 2,000 km2 traversed by the Waikato River.  The basin is infilled with Tauranga 

Group alluvial sediments.  The Tauranga Group sediments include gravels, sands, silt, muds and peats of 

fluvial, lacustrine and ignimbritic origin (GNS 2005). 

The two local aquifers are referred to as (Appendix A): 

 The Hinuera Aquifer (up to 20 m deep) 

 The Hautapu Aquifer (deeper than 60 m deep) 

There is also a deeper aquifer, which is tapped by Bore 8 (Appendix A).  This bore did not respond to 

pumping tests carried out on the other Hautapu water supply bores, and the water from this bore has a 

different chemical signature to water from the other bores.  The aquifer tapped by Bore 8 is therefore 

considered to be potentially separated from the Hautapu Aquifer, which is used for the main plant water 

supply. 

Issues with iron flocculation leading to bore clogging have been reported from the Hamilton Basin, in both 

the shallow and deep aquifers.  Water quality issues, including turbidity have led to a reduction in the amount 

of water taken from individual bores screened in the Hautapu Aquifer at the dairy plant.  Elevated 
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concentrations of dissolved manganese and iron in the water from Bore 8 have restricted the use of water 

from this bore at the dairy plant. 

 

4.2 Hinuera Aquifer 

Most neighbouring bores close to the Hautapu Dairy Plant are drilled to depths of less than 50 m and target 

the upper sand layer (Hinuera Aquifer) for domestic water use.  The form of the shallow aquifer water table is 

closely related to overlying surface topography.  Low groundwater gradients occur under the flat Hinuera 

surface but steepen near incised stream gullies, causing upward groundwater flow directions under local 

streams.  Groundwater is recharged from rainfall, predominantly during the winter when soil moisture deficits 

are satisfied, and discharged to local incised streams.  Shallow groundwater contributes up to 85 % of the 

base flow of local streams draining the basin (Petch & Marshall 1985).  

Groundwater levels in the Hinuera Aquifer are stable and generally within a few meters of the ground surface 

(Figure 1).  The limited freeboard (unsaturated zone above the water table), distance to local water supply 

bores, and distance to local connected streams would all need to be taken into consideration when 

assessing the suitability of a site for a potential infiltration basin installed above the Hinuera Aquifer. 

Pumping test results from bores screened in the Hinuera Aquifer indicate approximate aquifer transmissivity 

values of between 10 m2/day and 150 m2/day.  The hydraulic properties of the shallow aquifer and 

unsaturated zone will be a limiting factor on infiltration rates.  The presence of lower permeability zones and 

local slow groundwater velocities as determined by tracer tests (Brown 2001) could cause variable 

groundwater flow directions, exacerbate mounding of the groundwater table and reduce potential infiltration 

rates.  More detailed on-site testing and investigations would be required to evaluate the local infiltration 

capacity. 

 

 

Figure 1: Long term groundwater level monitoring of shallow aquifer. 
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4.3 Hautapu Aquifer 

The production bores at the Hautapu Dairy Plant are generally between 85 m and 100 m deep, tapping a 

sandy gravel layer referred to as the Hautapu Aquifer.  Bore 8 is deeper than the other production bores, 

with a stainless steel screen installed in weathered pumice within the Hautapu Aquifer at a depth of between 

117 m and 139 m.   

Aquifer transmissivities tend to be lower in the deeper systems as they are older, more intensely weathered 

and have a larger proportion of clays and silts (Marshall & Petch 1985).  Pumping test analyses indicate the 

Hautapu Aquifer transmissivity ranges between 20 m2/day and 70 m2/day and storativity is between 1 x 10-5 

and 9 x 10-4 (TAC 1998, Golder 2016a).   

Based on the recent pumping test results (Golder 2016a) and long term monitoring outcomes, Golder 

considers that the Hautapu Aquifer is hydraulically anisotropic, with the aquifer hydraulic conductivity 

(transmissivity) being greater in one direction compared to another.  This anisotropy can occur in alluvial 

deposits due to alignment of the sediment clasts during deposition.  Modelling and pumping test analyses 

indicate the hydraulic conductivity of the Hautapu Aquifer is much lower in the southwest-northeast direction 

than in northwest-southeast direction. 

Groundwater in the Hautapu Aquifer has been age dated using chlorofluorocarbons, tritium and sulphur 

hexafluoride to give an estimated age of more than 175 years (GNS 2017).  This age indicates a security of 

water supply from the bore field in terms of potential for pathogenic organism contamination. 

 

 

5.0 GROUNDWATER QUALITY REVIEW 

5.1 Introduction 

With any MAR project a significant consideration is the susceptibility of the recharge system to clogging.  The 

type and extent of clogging is determined by the hydrogeological setting and the quality of the source water 

(Martin 2013).  Clogging causes impaired injection rates and restricts the volumes of water able to be 

injected.  Clogging types can be divided into chemical, physical, mechanical and biological.  The potential 

water quality issues with MAR for Hautapu wastewater disposal are outlined below. 

 

5.2 Iron Oxidation (chemical) 

Iron typically remains soluble in anaerobic groundwater but during injection operations can be oxidized by 

the presence of oxygenated wastewater, and consequently precipitate as iron oxide or oxy-hydroxide 

minerals such as ferrihydrite.  This process is commonly encountered in aquifer injection operations with a 

range of impacts to injection performance.  At low concentrations, iron precipitates can cause orange 

staining on injection infrastructure, but at high concentrations it can cause clogging to occur around the well 

screen or in the pore spaces in the aquifer where source water and groundwater mix. 

The deep aquifer (below Hautapu Aquifer) contains elevated concentrations of dissolved iron (2.8 g/m3 in 

groundwater at Bore 8 in October 2016).  Based on this concentration, injection of oxygenated water to this 

aquifer has the potential to cause aquifer clogging due to the precipitation of iron oxides near the recharge 

point.  The Australian managed aquifer recharge guidelines (NRMMC–EPHC–NHMRC 2009) decision tree 

identifies dissolved iron in the aquifer water exceeding a guidance value of 0.3 mg/L as being indicative of a 

risk of clogging, which therefore requires management. 

An additional source of iron, which is sometimes present in water treated for solids removal, are chemicals 

such as ferric chloride that are used to enhance the coagulation of particulate material in wastewater.  If 

ferric chloride is used at the Hautapu plant to assist in the dissolved air flotation (DAF) water treatment, this 
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process would provide an additional source of iron to the wastewater stream that should be factored into any 

assessment of the iron oxidation potential. 

Precipitation of iron oxides and hydroxides is often identified as a potential clogging mechanism, but it may 

not represent the primary mechanism because it often coincides with other forms of clogging and can take 

long periods of time to develop.  Like many geochemical reactions, especially redox reactions, the oxidation 

and precipitation of iron is catalysed by bacteria.  It can be difficult to separate chemical and biological 

processes in many MAR situations.  Therefore, most evaluations of iron oxide clogging are conducted based 

on a conservative ‘worst case’ scenario in which iron is assumed to oxidise and precipitate readily. 

In many projects, the risk of chemical clogging is best managed through appropriate operational 

management of the recharged water bubble around the injection bore. 

 

5.3 Biofouling 

Nutrients present in wastewater proposed for injection, including residual organic matter, nitrate, and 

phosphate, could stimulate microbial activity in the subsurface during injection or storage.  Microbial clogging 

of aquifers occurs through the multiplication of bacterial cells, and the production of extracellular 

polysaccharides (biofilms).  The development of a biofilm near the point of entry (i.e. the injection well 

screen) generates a zone that can have distinct chemistry from the surrounding water.  This effect can cause 

changes to the redox chemistry of the groundwater, alter the concentrations of inorganic and organic 

chemicals in the groundwater and locally influence aquifer permeability. 

Wastewater at the Hautapu Dairy Plant is nutrient-rich.  Wastewater samples analysed between 2011 and 

2016 were characterised by: 

 Nitrate-N concentrations ranging from 2.9 g/m3 to 7.3 g/m3. 

 Total phosphorous (38 g/m3 to 63 g/m3). 

 Carbonaceous biochemical oxygen demand (cBOD of 801 g/m3 to 1,610 g/m3). 

On the basis of the above analytical results, the potential for biofouling is high and needs to be taken into 

consideration when evaluating wastewater disposal options.  

Anecdotal information from Fonterra suggests that the Hautapu Plant wastewater has already caused 

biofouling in wastewater disposal lines.  Bacteria have been known to grow in a wastewater disposal line that 

runs due west from the site to an outlet in the Waikato River, creating a pathogen problem in the discharge.  

While it is difficult to predict biological effects based on the concentrations of nutrients, the Australian MAR 

guidelines (NRMMC–EPHC–NHMRC 2009) indicate that for injection projects in alluvial aquifers, source 

waters with total suspended solids and total organic carbon of less than 10 g/m3 have lower rates of clogging 

than more turbid or nutrient-rich waters. 

Biofouling risk is most appropriately addressed through operationally managing nutrient levels in the 

recharge water for injection and through physical removal from infiltration basins. 

 

5.4 Physical Clogging 

Injecting or infiltrating wastewater that contains suspended particulate materials will cause the interface 

between the influent water and the aquifer material (i.e., the injection well screen and filter pack or the bed of 

an infiltration basin) to become clogged over time.  The suspended particles become trapped in aquifer pore 

spaces within a short distance of the interface, locally reducing aquifer permeability, recharge efficiency and 

infiltration rates. 

The likelihood or risk of physical clogging is assessed by monitoring the total suspended solids content of 

individual waste streams that would be combined to form an injection source stream.  If suspended solids 
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are present at concentrations that would be considered a risk to aquifer properties (e.g., more than 10 g/m3 

per NRMMC–EPHC–NHMRC [2009]), the use of settling tanks or water treatment for solids removal could be 

evaluated for individual waste streams or the combined wastewater stream prior to injection. 

Physical clogging can also be managed through operational processes including regularly cleaning the base 

of infiltration basins or back-washing injection bores. 

 

5.5 Aquifer Dissolution 

Certain source waters, or combinations of source water and groundwater, have the potential to react with 

aquifer matrix materials and cause the aquifer to lose strength due to dissolution or dispersion of minerals 

that were stable under natural conditions.  Examples of dissolution reactions include: injection of acidic 

source water that dissolves carbonate minerals (e.g., calcite in a limestone aquifer), or the production of 

acidic conditions in the aquifer by the oxidation of organic carbon or oxidation of sulfide minerals 

(e.g., pyrite). 

Differences in the salinity of the source water and groundwater can also cause physical changes to occur, 

particularly in aquifers where clay minerals are present.  Cation exchange reactions can occur as the result 

of the injection of sodic recharge water.  These reactions lead to the disaggregation of clay minerals 

(i.e., cause swelling, degradation, separation, and transport of fine particles), which results in a loss of 

internal strength and changing physical structure of the porous media.  Dispersed clay minerals may also be 

transported through pore spaces in the aquifer and aggregate elsewhere, potentially causing clogging 

concerns. 

From this initial high level assessment it appears that groundwater in the Hinuera and Hautapu aquifers and 

wastewater from the Hautapu Plant are circumneutral in pH and acidic degradation of aquifer materials 

would be unlikely to occur.  It is possible that some groundwater acidification could occur due to the 

degradation of organic carbon, however the effects on aquifer performance would require an evaluation of 

both the carbon content and the mineralogy of the aquifer.  

The Hautapu wastewater (irrigated to Bardowie Farm) typically contains a high concentration of sodium 

(irrigation water to the Bardowie farm contained 268 g/m3 to 397 g/m3 sodium between 2011 and 2016).  

These concentrations are an order of magnitude higher than in the local groundwater: 

 Hinuera Aquifer water (13.7 g/m3 in nearby bore # 70_50 on Racecourse Road). 

 Hautapu Aquifer (groundwater at Bores 2, 3 and 5 contained approximately 20 g/m3 to 30 g/m3 sodium 

in April and October 2016). 

 “Deeper” aquifer (groundwater at Bore 8 contained 43 g/m3 sodium in October 2016). 

Injection of high-sodium wastewater may have the potential to cause disaggregation and dispersion of clay 

minerals present in the aquifer.  Additional evaluation of aquifer materials, including current effects of sodium 

already present in the Hinuera Aquifer from the irrigation of wastewater, would be recommended. 

 

5.6 Wider Water Quality Impacts 

Recharge of wastewater from the Hautapu Plant would influence local groundwater quality.  As previously 

noted the Hinuera Aquifer is used locally by neighbouring landowners, is highly connected to local streams 

and is monitored as part of the dairy factory’s irrigation of wastewater to land consent.  

A tracer test carried out in 2001 on Bardowie Farm indicated shallow groundwater flow directions in the 

Hinuera Aquifer to the north-west.  Results at two locations indicated local groundwater flow velocities were 

low to very low, approximately 30 m/year (Brown 2001).  This slow local seepage rate and therefore 

contaminant transport rate means that changes to the current surface wastewater disposal method of 

irrigation would take many years to substantially affect groundwater nutrient concentrations in the wide 
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aquifer.  Further assessment on the local shallow groundwater conditions and hydraulic conditions could be 

achieved through undertaking a recharge trial using water from the Hautapu Aquifer. 

If highly treated wastewater (i.e., wastewater that has had sodium, phosphorus and nitrate removed) was 

infiltrated into the Hinuera Aquifer, then it is possible that an improvement in groundwater quality could be 

accelerated as nutrients accumulated from the surface irrigation of wastewater become diluted.  However, if 

untreated wastewater is infiltrated directly into the Hinuera Aquifer then water quality in the aquifer would 

become degraded. 

 

5.7 Disinfection By-Products 

The total organic carbon concentrations detected in water samples obtained from Bore 8 are potentially high 

enough to result in the formation of halogenated disinfection by-products (DBPs).  Halogenated DBPs, which 

include trihalomethanes (THM), halogenated acetic acids (HAA) and halogenated acetonitriles (HAN), are 

formed from the reaction of disinfectants, such as chlorine, with DBP precursors.  Natural organic matter 

serves as the organic DBP precursor, while bromide can serve as an inorganic precursor (WHO 2000).  In 

addition to the oxidant used, DBP formation is influenced by source water and groundwater quality (e.g., 

TOC, ammoniacal nitrogen, bromide, alkalinity, pH and temperature) and any treatment added to the source 

water (e.g., disinfectant dose) and contact time in the aquifer.  The mechanisms involved in the formation of 

DBP, which are varied and complex, are described in detail in a report by the WHO (2000).  By using an 

oxidant that is less likely to form DPB, it is possible to reduce the likelihood of DBP formation. 

 

 

6.0 EXAMPLES OF MAR AND RELATIVE COSTS 

6.1 A brief history of MAR in Australia and New Zealand 

The longest running MAR operation in Australia was established in the mid-1960s and uses infiltration basins 

to recharge up to 125,000 m3/day on the Burdekin Delta, Queensland.   

Stormwater ASR for non-potable urban use was first trialled at Andrews Farm, South Australia in the 1990’s.  

Following the success of this trial, the uptake of stormwater ASR has progressively expanded in Adelaide to 

currently supply approximately 20 million m3 per year.  

Wastewater ASR for irrigation supply was initially trialled at Bolivar, South Australia in the late 1990’s.  The 

Bolivar concept has not yet progressed to an operational scheme but it continues to be considered as a 

water supply option to increase agricultural productivity whilst concurrently reducing nitrogen loads 

discharging to the marine environment. 

Since 2010, potable use of wastewater via groundwater replenishment (Aquifer Storage Transfer and 

Recovery) has been trialled extensively at Beenyup, Western Australia.  Following the success of the initial 

trials, groundwater replenishment with treated wastewater was selected as a new climate resilient water 

source of the city of Perth and a full scale (14 million m3 per year) scheme has been developed to 

commence operation this year.  

MAR has also been applied in mining to manage water from dewatering and to ameliorate the environmental 

impacts of mine dewatering.  The Cloudbreak MAR scheme in the Pilbara of WA has been aquifer 

re-injecting to manage approximately 80 million m3 per year of brackish and saline water since 2009. 

In New Zealand the first year of a five year infiltration basin pilot trial at Hinds in Canterbury has just been 

successfully completed, with approximately 2.4 million m3 of diverted river water recharged to the unconfined 

aquifer with notable positive impacts in groundwater levels and quality. 

At Gisborne an injection trial has been running since June 2017.  The trial is injecting water from a river 

infiltration gallery to a confined aquifer at approximately 15 L/s.  The trial will recharge up to 110,000 m3 in 
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2017.  This injection trial is targeting an aquifer under water use stress and declining pressures due to 

irrigation demand. 

 

6.2 Managed Aquifer Recharge and Water Recycling 

Despite the successes identified above and the numerous known benefits that MAR offers for water 

recycling, the uptake of this water resources management tool has generally been slower than expected.  

The slow uptake has been partly due to uncertainty regarding the impact of clogging, water quality impacts 

and the overall economic feasibility, and partly due to questions on who “owns” the recharged water. 

It is generally agreed that there is significant potential for increasing the proportion of water that is recycled in 

water stressed areas using MAR to: 

 Increase the resilience and security of water supplies. 

 Provide water in seasons and years of high demand. 

 Replenish over-exploited aquifers. 

 Reduce evaporative losses. 

 Lessen the need for new dams and storage facilities. 

 Provide further treatment of water. 

 Help meet the needs of groundwater dependent ecosystems. 

Infiltration techniques for water recycling can be particularly attractive as they generally have lower costs 

than well injection techniques, especially in rural areas with lower cost of land.  Infiltration techniques also 

take advantage of the potential for natural treatment during infiltration through the unsaturated zone (soil 

aquifer treatment). 

A review of six hypothetical to operational recycled water MAR case studies is summarised in Table 2. 

 

Table 2: Summary of six recycled water managed aquifer recharge case studies. 

Case Study 
MAR 
technique 

Aquifer 

Target 
injection 
volume 

(m3/day) 

Source water 
treatment 

Proposed end use 
for water 

Infiltration 
basins, WA 

Infiltration 
Basins 

Unconfined 
alluvial 

Between 
1,300  

to  

9,500 

Scheme infiltrates 
wastewater treated by 
oxidation ditches/ponds 
and clarifiers  

Non-potable- Irrigation, 
public open space, 
playing fields, suburban 
parks 

Infiltration 
galleries, WA 

Infiltration 
Gallery 

Unconsolidated 
dune sands and 
coastal 
limestone 

4,930 
Activated sludge with 
biological nutrient 
removal 

Groundwater 
replenishment to 
sustain groundwater 
dependent ecosystems 

Soil aquifer 
treatment, 
Alice Springs, 
NT 

Soil Aquifer 
Treatment 

Unconfined 
alluvial 

3,290 

Facultative and 
maturation lagoons 
followed initially by DAF 
but since 2013 by 
DAFF and ultraviolet 
disinfection  

Irrigation horticulture 

ASR, Bolivar, 
SA 

ASR 
Confined 
limestone 

24,640 
Activated sludge or 
trickling filters, 

Irrigation horticulture 
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Case Study 
MAR 
technique 

Aquifer 

Target 
injection 
volume 

(m3/day) 

Source water 
treatment 

Proposed end use 
for water 

stabilisation lagoons, 
DAFF and chlorination 

Aquifer 
storage 
transfer and 
recovery, 
Anglesea, Vic 

ASTR 

Confined / 
unconfined 
interbedded 
sand, gravel, 
clay and coal 

24,400 

Blend of 75 % 
ultrafiltration, reverse 
osmosis and ultraviolet 
and chlorine 
disinfection and 25 % 
ultra-disinfection 

Drinking water supply 

Groundwater 
replenishment 
Beenyup, WA 

ASTR 

Confined 
interbedded 
sandstone and 
siltstone 

38,360 
Ultrafiltration, reverse 
osmosis and ultraviolet 
disinfection 

Drinking water supply 

Source: Australian Water Recycling (2015b). 

 

In the examples presented in Table 2 the target injection rates range from 78 m3/day to 38,360 m3/day.  

Given the Hautapu wastewater irrigation volumes are up to approximately 6,600 m3/day and the river 

discharge is approximately 1,800 m3/day, all the schemes described above except the WA infiltration basins 

have some relevance to the Hautapu situation. 

A detailed cost benefit analysis of each of the schemes described in Table 2 using the Recycled Water 

Economic Assessment Tool is presented in AWR (2015b).  The derived costs for the six schemes described 

ranged from $0.88 to $3.56 per m3 with a volume weighted mean of $2.00 per m3.  Benefits were quantified 

at $0.20 to $8.50 per m3.  Amongst other assumptions, these derived costs assumed a 50 year evaluation 

period, construction of all infrastructure is completed within the first year, and the implementation of the MAR 

project avoids the need for surface water storage. 

It is difficult to make a direct comparison between the costs and benefits of the various schemes due to the 

wide range of differences between the case specific costs and/or benefits assessed.  Often the true benefits 

were not quantified including aquifer replenishment, the social and economic benefits of maintaining 

groundwater dependent ecosystems and long term augmentation of water supply.   

Importantly, even without a thorough assessment of all the potential benefits, MAR was found to be 

economic in all but one of the case studies (the anomaly being the Alice Springs soil aquifer treatment 

scheme). 

For the Gisborne Makauri Aquifer MAR injection project the economics of the full scale MAR scheme were 

assessed by Dr Graeme Doole (University of Waikato).  His conclusions were that the economic value was 

high.  However, this was based on the potential use of the recharged water.  The assumption was based on 

the cost of each bore (approximately 70 m deep) and headworks/monitoring set up to be $400,000.  Annual 

running costs were assumed to be $615,000 for five bores. 

 

6.3 Lessons Learnt in Developing MAR Schemes 

It is essential that a good understanding of local hydrogeology is derived to minimise risks, minimise costs 

and ensure the successful development of a scheme.  Site selection for pilot investigations is important and 

trials should be chosen to represent the actual conditions of the intended scheme location.  Aquifer 

conditions have a very significant impact on the costs of MAR operations.  Clogging is a prevalent issue that 

impacts infiltration rates and injection operation. 

The Australian guidelines (NRMMC–EPHC–NHMRC, 2009) generally describe MAR assessment as a four 

stage process: 
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 Stage I – Conceptual model and desktop assessment 

 Stage II – Viability and risk assessment with field testing 

 Stage III – Further trials, validating conceptual models and viability of long term operations 

 Stage IV – Groundwater replenishment scheme development and verification, including development of 

further site(s), revenue and consenting structures, long term sustainable management goals 

The process described can be prolonged with preliminary investigations and trials potentially spanning 

several years, particularly when the scheme is breaking new ground or addressing new challenges.  For 

example, the Bolivar ASR scheme was conceived in 1995, with preliminary laboratory investigations taking 

place between 1997 and 1999 and a field scale trial from 1999 to 2010 with no decision to progress to full 

scale operation as yet.   

Despite the delay in the Australian examples, the two trials currently underway in New Zealand have moved 

through at a similar pace over approximately three years from initial investigations to operating infiltration / 

injection trials.  Infiltration or injection trial(s) using fresh water may be an option Fonterra could consider to 

help expedite the use of MAR as an option for wastewater disposal or storage. 

Australian Water Recycling (2015b) describes soil clogging leading to a reduction in infiltration rate as the 

most significant impediment for the WA infiltration basins in used for wastewater disposal.  To manage the 

weed growth, the ponds are rested following signs of lowered infiltration rates.  Each pond is dried, followed 

by removal of weed growth and deposited solids by scraping.  The waste is then disposed off-site to waste. 

 

7.0 CONCLUSIONS 

There are two potential aquifers at Hautapu for use of MAR for wastewater disposal.  There is potential for 

use of the shallow Hinuera Aquifer for infiltration basins based on a treatment level better than currently 

observed in the shallow groundwater.  These basins would require management for biofouling and wetlands 

could potentially be used for additional treatment.  Investigations into the local hydraulic conditions of the 

Hinuera Aquifer are required to assess the potential recharge rates. 

The Hautapu Aquifer is not recommended as a target aquifer for wastewater disposal given the risk to the 

security of the plant water supply. 

For an aquifer storage and recovery system the “deeper” aquifer accessed by Bore 8 could be used to store 

highly treated water from times of high production (spring) until summer.  The “deeper” aquifer could 

potentially also be used to dispose of lower quality water if clogging issues are managed and if the regulatory 

authority can be convinced that the impact of the nutrient input on any surface water body is less than minor. 
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Table A1: Geological log of Bore 2. 

Depth (m) 
Description 

Hydrogeological 
Characteristics 

Stratigraphic Unit 

From To 

0 6.30 Sand 
Hinuera Aquifer 

Tauranga Group 

6.3 18.20 Sand gravel pumice 

18.2 19.00 Peat 

Various aquifers and 
confining layers 

19 22.50 Grey brown clay 

22.5 32.50 Grey silty sand 

32.5 45.90 Gold white coarse sand pumice 

45.9 51.80 Light brown silt 

51.8 60.20 Grey gravel pumice 

60.2 64.50 Gold gravel pumice 

64.5 64.80 Silt 

64.8 82.30 Gold white pumice 

Hautapu Aquifer 
82.3 92.40 White green pumice sand 

92.4 95.80 Green pumice 

95.8 97.02 Peat 

 

 

 

Table A2: Geological log of Bore 3. 

Depth (m) 
Description 

Hydrogeological 
Characteristics 

Stratigraphic Unit 
From To 

0 17.6 Silty gravels 
Hinuera Aquifer 

Tauranga Group 

17.6 24.3 Grey sand 

24.3 32.5 Silt sand 

Various aquifers and 
confining layers 

32.5 38.1 Gold pumice 

38.1 43.2 White silt 

43.2 53.2 Grey green chunky pumice 

53.2 57.8 Grey green silty sand 

57.8 59.6 Grey green gravel silt 

59.6 65.8 Dark green gravel 

65.8 67.5 Grey green silt 

67.5 70 White pumice 

70 71 White silt pumice 

71 91.6 Gold gravel pumice Hautapu Aquifer 
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Table A3: Geological log of Bore 5. 

Depth (m) 
Description 

Hydrogeological 
Characteristics 

Stratigraphic Unit 
From To 

0 6.6 Black silty sand 

Hinuera Aquifer 

Tauranga Group 

6.6 7.9 Grey green silt 

7.9 12.1 Coarse brown pumice 

12.1 16.52 White coarse pumice 

16.52 31.2 Grey green sand and pumice 

31.2 33.8 Grey green silt 

Various aquifers and 
confining layers 

33.8 35.4 Firm white pumice 

35.4 47.1 Grey silt 

47.1 52.6 White grey pumice 

52.6 54.4 Gold coarse pumice 

54.4 56.2 White grey sandy pumice 

56.2 60.1 Gold grey sandy pumice 

60.1 61.8 Firm grey silt 

61.8 70.3 Gold grey sand and pumice 
Hautapu Aquifer 

70.3 84.5 Gold white coarse pumice 

 

 

Table 4: Geological log of Bore 8. 

Depth (m) 
Description 

Hydrogeological 
Characteristics 

Stratigraphic Unit 
From  To  

0 19.00 Grey sand silt – some gravel Hinuera Aquifer 

Tauranga group 

19.00 36.40 Silt 

Various aquifers and 
confining layers 

36.40 41.80 Gold white sand pumice 

41.80 42.70 Silt 

42.70 51.10 Gold ignimbrite  

51.10 52.20 Grey silt 

52.20 54.50 Gold gravel pumice 

54.50 59.80 Grey gold gravel ignimbrite 

59.80 64.21 Brown gold gravel ignimbrite  

64.21 67.50 Gold white pumice 

67.50 67.80 Light grey silt  

67.80 70.30 Gravel 

Hautapu Aquifer 

70.30 72.50 Fine sand silt 

72.50 73.10 Coarse white pumice 

73.10 80.50 Very fine sandy silt 

80.50 85.40 Gold white pumice 

85.40 87.11 Very fine sandy silt 

87.11 88.60 Silty sand and pumice 
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88.60 92.70 Light brown pumice gravel 

92.700 96.70 Green silt 

96.70 97.20 White grey pumice 

Various aquifers and 
confining layers 

 

97.20 100.80 Peat and silts 

100.80 102.10 Grey white sand and pumice 

102.10 105.60 Green silt 

105.60 112.10 Grey pumice 

112.10 134.00 Grey white sandy pumice 

134.00 134.10 Grey silt 

134.10 137.00 Light grey pumice gravel 

‘Deeper” Aquifer  
137.00 137.20 Grey silt  

137.20 139.65 Round grey pumice gravel 

139.65 146.65 Light green silt 

 

 

 

j:\projects-dynamics\2017\7410\1784368_font_high level marfeasibility_hautapu\deliverables\1784368-002-appa geological logs.docx 
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Table B1: Average wastewater composition Bardowie farm Hautapu. 

Parameter 2015/2016 2014/15 2013/14 2012/13 2011/12 

pH 8.3 6.9 6.1 6.2 6.25 

Conductivity (μS/cm) 1,678 1,501 1,288 1,411 1,331 

Sodium (g/m3) 397 397 294 378 268 

Calcium (g/m3) 37 37 31 31.6 26.7 

Potassium (g/m3) 70 70 50 51.6 57 

Magnesium (g/m3) 7.3 7.3 6.4 6.1 12 

Chloride  (g/m3) 82 82 81.2 80.5 79 

Total Kjeldahl – N (g/m3) 62 69 51 55 55 

Nitrate – N (g/m3) 5.5 5.5 2.9 7.3 4.4 

Total Phosphorus (g/m3) 63 63 54.6 51 38 

cBOD5  (g/m3) 1,243 1,610 1,052 1,133 801 

SAR 16.6 16.6 13.1 16.9 13 

Ash (%) 0.12 0.12 0.1 0.11 0.11 

Nitrogen loading (kg/ha/yr) 360 360 289 324 335 
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Table B2: Groundwater Quality Hautapu  

Parameter Unit 
NZ 
guideline 
values 

Bore 2 Bore 3 Bore 5 Bore 8 Bore 2 Bore 3 Bore 5 Bore 8 Bore 2 Bore 3 Bore 5 
Bore 50_70  
(nearby shallow bore  
7.3 m deep)  

21-Apr-2016 11-May-16 14-Oct-16 7-Dec-16 21-Dec-16 29-Mar-17 

Sample Temperature ºC           20.00 20 20 20    15.5 16.4 

Turbidity NTU 2.5* 5.7 1.45 0.74 0.71 3.17 0.431 0.364 2.16 5.77 1.98 1.55     

pH pH units           7.1 7.1 7.1 7.6 6.9 7 6.8 6.6   

Sum of Anions meq/L   2.1 2 2.6              

Total Alkalinity 
g/m3 as 
CACO3 

  90 86 115   89.5 84.9 113.8 132.1    39   

Total Hardness 
g/m3 as 
CACO3 

  44 44 61       45.7 42.8 60.3 75   

Free Carbon Dioxide g/m3 as CO2                      

Un-ionised Hydrogen 
Sulphide 

g/m3           <0.002 < 0.002 < 0.002 < 0.002        

Total Sulphide g/m3           <0.003 < 0.002  < 0.002  < 0.002         

Electrical Conductivity (EC) mS/m           19.4 19.4 25 28.2 20.7 19.9 25.4 28.2 172 

Total Suspended Solids g/m3   <3 <3 <3   <4 < 4  < 5  < 4  < 3  < 3  < 3      

Total Dissolved Solids (TDS) g/m3 1000* 210 192 220 250     201 196 223 189   

Dissolved Aluminium g/m3           <0.003 < 0.003  < 0.003  < 0.003         

Total Aluminium g/m3   
<0.003
2 

<0.003
2 

<0.003
2 

  <0.0032 
< 
0.0032  

< 
0.0032  

< 
0.0032  

< 0.0032  < 0.0032  < 0.0032      

Dissolved Arsenic g/m3           <0.001 
< 
0.0010  

< 
0.0010  

0.004 < 0.0010  < 0.0010  < 0.0010      

Total Arsenic g/m3                  <0.0011   

Acid Soluble Arsenic g/m3   <0.001 <0.001 <0.001       < 0.0010  < 0.0010  < 0.0010      

Acid Soluble Boron g/m3   0.025 0.018 0.018       0.0252 0.0194 0.0168     

Total Boron g/m3                  0.046   

Acid Soluble Cadmium g/m3   
<0.000
5 

<0.000
05 

<0.000
05 

      < 0.00005  < 0.00005  < 0.00005      
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Parameter Unit 
NZ 
guideline 
values 

Bore 2 Bore 3 Bore 5 Bore 8 Bore 2 Bore 3 Bore 5 Bore 8 Bore 2 Bore 3 Bore 5 
Bore 50_70  
(nearby shallow bore  
7.3 m deep)  

21-Apr-2016 11-May-16 14-Oct-16 7-Dec-16 21-Dec-16 29-Mar-17 

Total Cadmium g/m3   
<0.000
053 

<0.000
053 

<0.000
053 

      
< 
0.000053  

< 
0.000053  

< 
0.000053  

<0.00053   

Dissolved Calcium g/m3   6.6 6.7 11.1       6.63 6.5 10.66     

Total Calcium g/m3           6.41 6.41 10.99 7.77    20   

Acid Soluble Copper g/m3   
<0.000
5 

<0.000
5 

<0.000
5 

      < 0.0005  < 0.0005  < 0.0005      

Total Copper g/m3                  0.00175   

Dissolved Iron g/m3           0.764 0.764 0.095 2.93    <0.02   

Total Iron g/m3 0.2* 1.05 0.64 0.21 2.8 0.78 0.78 0.106 2.71 0.97 0.651 0.159 0.089   

Acid Soluble Lead g/m3   
0.0002
5 

<0.000
1 

<0.000
1 

      < 0.00010  < 0.00010  < 0.00010      

Total Lead g/m3 0.01 
0.0002
6 

<0.000
11 

<0.000
11 

<0.00011     < 0.00011  < 0.00011  < 0.00011      

Total Chromium g/m3 0.05       <0.00053            

Total Magnesium g/m3           6.7 6.7 8.45 6.33    5.9   

Dissolved Magnesium g/m3   6.7 6.6 8.2       7.08 6.46 8.17     

Dissolved Manganese g/m3           0.149 0.149 0.152 0.498    <0.0005   

Total Manganese g/m3 0.4 0.29 0.135 0.178 0.49 0.15 0.15 0.155 0.475 0.308 0.134 0.133 0.00115   

Total Mercury g/m3   
<0.000
08 

<0.000
08 

<0.000
08 

      < 0.00008  < 0.00008  < 0.00008      

Total Nickel g/m3 0.02       0.00179            

Dissolved Potassium g/m3   4.9 4.7 6.9       4.94 5.06 7.82     

Total Potassium g/m3                  13.9   

Dissolved Sodium g/m3   23 21 25       23 21.9 25.7     

Total Sodium g/m3           21.8 21.8 26.1 43.3    13.7   

Total Zinc g/m3 1.5* 0.033 0.0082 0.0041 0.61     0.00393 0.0038 0.0042 0.0053   
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Parameter Unit 
NZ 
guideline 
values 

Bore 2 Bore 3 Bore 5 Bore 8 Bore 2 Bore 3 Bore 5 Bore 8 Bore 2 Bore 3 Bore 5 
Bore 50_70  
(nearby shallow bore  
7.3 m deep)  

21-Apr-2016 11-May-16 14-Oct-16 7-Dec-16 21-Dec-16 29-Mar-17 

Dissolved Chlorine g/m3                  13.6   

Chloride g/m3   10.7 10.1 10.9   9.97 9.97 10.61 11.85 10.53 10.22 11.1     

Flouride g/m3           0.137 0.137 0.135 0.185        

Total Annoniacal-N g/m3 0.3* <0.01 <0.01 <0.01 0.45 0.011 0.0168 < 0.010  0.435 < 0.010  0.0114 < 0.010  <0.01   

Nitrite-N g/m3   <0.1 <0.1 <0.1   <0.10 < 0.10  < 0.10  < 0.10  < 0.10  < 0.10  < 0.10      

Nitrite g/m3           <0.4 < 0.4 < 0.4 < 0.4        

Nitrate-N g/m3 11.3 <0.01 <0.01 <0.01 <0.01 <0.1 < 0.10  < 0.10  < 0.10  < 0.10  < 0.10  < 0.10    14.1   

Nitrate-N + Nitrite-N g/m3   <0.01 <0.01 <0.01   <0.2 < 0.10  < 0.10  < 0.10  < 0.10  < 0.10  < 0.10     

Dissolved Sulphate g/m3                  15.2   

Sulphate g/m3   <0.5 <0.5 <0.5   <0.5 < 0.5  < 0.5  < 0.5         

Reactive Silica g/m3 as SiO2   86 80 80       92.1 96.1 92.8     

Dissolved Oxygen (DO) g/m3                  8.3 8.8 

Dissolved Organic Carbon 
(DOC) 

g/m3           1.4 1.4 < 0.5  1.9        

Total Organic Carbon (TOC) g/m3   1.4 0.6 <0.5 2.5     0.9 1.4 < 0.5      

Absorbance at 254 nm Au cm-1           0.049 0.0489 0.019 0.257        

Absorbance at 254 nm 
(unfiltered sample) 

Au cm-1           0.053 0.053 0.02 0.259        

E. coli 
MPN/100 
mL 

          <1 < 1  < 1  < 1        4 9 
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