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Executive Summary 

This report presents an updated flow design basis (from previous work by Beca in 2020) and irrigation 

modelling outputs for the Duvauchelle Wastewater Scheme. Previous flow estimations were made with 

limited flow data (2-3 years) and prior to the I&I improvement work being complete and therefore had 

estimations factored in for anticipated future I&I reduction. 

Long-term irrigation performance has been modelled using a synthetic long-time flow series. A relationship 

between the rainfall derived I&I portion of wastewater flow (RDII) and rainfall is determined and then 

extrapolated back against historical rainfall data from 1972 to present day. The RDII portion of the measured 

flows has been determined by subtracting dry weather flow (residential & commercial use) from the total flow. 

Review of water meter consumption data in the area has helped confirm the estimate of dry weather flow 

contributing to the daily wastewater flows. Climate change impacts based on Ministry for the Environment 

(MfE, 2018) guidance have been incorporated into the modelling as set out in the report.  

Recent flow meter data from the relatively wet 2022 and 2023 periods has shown a delayed flow response 

for periods following rain events, which was not captured in the previous flow modelling work for the scheme. 

A tailing off RDII response (observed days following rain events) has now been incorporated into the model 

to capture this behaviour. This response is based on rainfall depth and a decay rate that represents the soil 

store flow observed.  

Updated Irrigation Flows and Modelling 

A comparison has been made between the synthetic 50-year irrigation flows and PS608 and 609 flow meter 

measurements from 2018 to 2023 to better understand differences in the synthesized flows against 

measured flows. The synthetic 50-year flows are considered to model Winter and early Spring flow volumes 

reasonably tightly against measured data, with annually averaged differences within +/- 5% - except for 2020 

which was a particularly dry year. The average difference across all measured years is <3%. 

Tabled below is a summary of the overflow recurrence modelled across the 51-year simulation period for 

each fixed onsite storage scenario. Note that ‘overflow seasons’ are reported below which indicate the 

number of irrigation seasons (i.e. years) that overflows occur in the model. Discrete overflow events and 

whether or not repeat overflows occur within an irrigation season are subject to a number of operational and 

regulatory aspects which need to be explored and defined at later project stages.  

Irrigation Scenario Results - Storage Volumes and Overflow Seasons (PDP, 2023)  

Scenario 
Storage Volume 

(m3) 
Storage Overflow 

Seasons (51-years) 

Scenario 1 

8.2 ha tree dripper area + 6.36 ha course spray area 

5,300 0 

4,000 5 

2,000 25 

Scenario 2 

8.2 ha Tree dripper area (no course spraying) 

5,300 0 

4,000 5 

2,000 25 

Scenario 3 

6.4 ha tree dripper area + 6.36 ha course spray area 

6,500 0 

4,000 17 

2,000 32 

Scenario 4 

6.4 ha tree dripper irrigation (no course spraying) 

6,500 0 

4,000 17 

2,000 33 
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Utilising a smaller storage of 4,000m3 and the preferred tree irrigation area of 6.4ha results in 17 modelled 

overflow seasons across the 51-year period. A further reduction in storage to 2,000m3 (6.4ha) results in 32 

modelled overflow seasons. Note that for a 2,000m3 storage scenario the modelled overflow volumes are 

significant (often greater than the storage volume itself) and therefore draw-down and other operational 

approaches are unlikely to be able to avoid repeat overflow events within a season. Results for the 4,000m3 

storage scenarios suggest overflow volumes could likely be managed with operational approaches to avoid 

repeat overflows within a season. 

Negligible differences were found between overflow recurrence with or without golf course spray irrigation 

(noting a minor improvement of 3% occurring only at the 2,000m3 scenario and that this modelled event is 

over-estimated compared with measured data). This is due to the disposal of recycled water during winter 

months being the limiting factor that drives peak storage requirements. Also noting it is unlikely that the golf 

course would opt to irrigate their course during significant rainfall events in the summer. 

Scheme Resilience and Overflows 

It should be noted that the flows determined from this modelling exercise are a “best-fit” representation of the 

expected future performance of the Duvauchelle wastewater network. Differences between modelled and 

measured flows should be expected for future events due to the dynamics of network response that the 

model cannot fully account for. It is recommended that a sensible margin is allowed for when sizing 

infrastructure based on these results to account for modelling inaccuracy.  

The design basis approach is based on the capacity and data from the current network and does not include 

conveyance of extreme events and/or overflows to the WWTP and irrigation to land system. An average 

recurrence Interval (ARI) resilience for the irrigation system cannot be determined without developing a 

network model and better understanding scheme and overflow performance during extreme events.  

The climate change adjustments factored into the modelling are based on an overall probabilistic 

assessment by the Ministry for the Environment (MfE). The probabilistic approach cannot forecast extreme 

individual “black swan” rainfall  events (i.e. extreme future rainfall events that are larger than those 

experienced over the time period of the modelling) or the associated network flow response. Such black 

swan events are expected to occur with increased frequency and can strike randomly in any location at any 

time. Council should expect that the design basis settings for the Duvauchelle Wastewater Scheme will be 

exceeded on occasions in the future.  Consideration should be given to what happens during ‘black swan’ 

events and whether wastewater system responses pose any risks to the assets, the community or the 

environment. 
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1 Introduction 

1.1 Background 

Christchurch City Council (Council) are planning an  upgrade to the Duvauchelle Wastewater Scheme to 

remove the existing harbour discharge and consent and commission a land disposal system, including 

wastewater treatment plant (WWTP) upgrades to meet irrigation water quality levels. The Duvauchelle 

Wastewater Scheme upgrade has been in development since 2018 and involves: 

• Infiltration and ingress (I&I) reduction works (network upgrades)  

• Upgrading of the existing Duvauchelle WWTP (tertiary treatment) 

• New land disposal irrigation system (including buffering storage) 

An optioneering exercise has been completed to assess the most suitable disposal system for the scheme 

with irrigation and storage on the Akaroa Golf Club (AGC) being the preferred disposal system largely due to 

moderate costs and the community stakeholder support for reuse benefits (Beca, Duvauchelle Wastewater 

Summary of Disposal and Reuse Options, 2022). The proposed land disposal system (at the time of this 

report) comprises of the following areas: 

• Golf course playing areas – 6.4 ha spray irrigation (beneficial re-use when required by AGC) 

• Woodland areas  – 8.2 ha dripper irrigation under trees (when spray irrigation not beneficial) 

• Discharge to covered tanks during wet weather conditions. 

Refer to Appendix A for the overview concept plan for the proposed scheme. 

The wastewater design flow from the catchment is an integral input for the scheme and is difficult to estimate 

due to the fluctuating population (the area is a holiday destination), significant  I&I and limited flow metering 

records. Previous flow estimations have been determined using an inferred relationship between rainfall and 

WWTP flow based on limited flow meter data and then extrapolating back across historic rainfall records 

(back to 1972). Previous flow estimations were made with limited flow data (2-3 years) and prior to the I&I 

Improvement work being complete and therefore had estimations factored in for anticipated future I&I 

reduction. 

The proposed I&I network improvement work began in 2020 and is now complete. Concept design for the 

WWTP upgrade has been completed and concept design for the spray and dripper irrigation system is still 

being progressed. In November 2023 Council has moved into the next stage of preparing the resource 

consent application (assessment of environmental effects) and aim to progress into detailed design in mid-

2024.   

1.2 Scope 

The scope of this work is to update the design flow basis and irrigation requirements for the scheme, which 

comprises of: 

• Updating, using the latest available data, the design flow basis for the Duvauchelle Wastewater 
Scheme.  

• Reproduce the irrigation long-time flow series  

• Rerun the irrigation models for this scheme to reassess irrigation area and storage volume 
requirements 

• Update flow data for the WWTP upgrades 
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1.3 Updated Data  

Additional and updated inputs provided by Council are: 

• Latest PS608, 609 and WWTP flow meter data (2021-2023) 

• Boundary water meter data (used to review assumed dry weather scheme flows) 

• Rainfall data from the recently installed Duvauchelle Golf Course rain gauge  

1.4 Irrigation Long-time Flow Series Approach 

Long-term irrigation performance has been modelled using a synthetic long-time flow series. A relationship 

between the rainfall derived I&I portion of wastewater flow (RDII) and rainfall is determined and then 

extrapolated back against historical rainfall data from 1972 to present day. The RDII portion of the measured 

flows has been determined by subtracting dry weather flow (residential & commercial use) from the total flow. 

A tailing off RDII response (observed days following rain events) has also been modelled based on rainfall 

depth and a decay rate that represents the soil store flow observed. Review of water meter consumption 

data in the area has helped approximate the portion of dry weather flow contributing to the daily wastewater 

flows. This analysis and synthetic flow series has been developed by PDP – for further details around this 

approach and the results see Appendix B. 

1.5 Rainfall and Evapotranspiration Data 

The modelling process uses long-term daily climate data to both estimate the components of wet weather 

flow in the synthetic time series and calculate the soil moisture balance (SMB) for the irrigation modelling. 

Due to data availability the rainfall data used for this modelling is as follow: 

• Onawe Duvauchelle Bay rainfall gauge (1972 – 2012) 

• NIWA Virtual Climate Station Network (VCSN) station 20116 (reduced by 14%) (2012-2020) 

• Duvauchelle CWS (Akaroa Golf Course) data from 2020 onwards 

Note some rainfall data has been adjusted to better reflect local conditions. For further details around climate 

data and modifications see Appendix B. 

VCSN Station 20116 has been used for the potential evapotranspiration (PET) data for the entire modelling 

period. 

1.6 Future Climate Change Approach 

As historic rainfall data is being used to model the future long-term performance of the irrigation system, it is 

important to consider potential changes to daily rainfall depths because of future climate change. Guidance 

from the Ministry for the Environment (MfE, 2018) suggests that while the Canterbury region is expected to 

experience no change in annual rainfall over the next 80 years, it is expecting seasonal increases and 

decreases in rainfall as shown below in Table 1. 

Table 1 - Canterbury Climate Change Seasonal Rainfall (MfE Guidelines 2018) 

Season Precipitation change to 2031-2050 Precipitation change to 2081-2100 

Summer 1% 8% 

Autumn 3% 8% 

Winter -4% -12% 

Spring 1% 1% 

Annual 0% 0% 
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A 3-8% increase in autumn rainfall depths may cause the irrigation cut-off trigger level to be reached more 

frequently and a greater volume of treated effluent needing to be stored (from additional I&I generated 

wastewater flow). Conversely, a 4-12% decrease in winter rainfall depths should reduce the likelihood of 

having to cease irrigation and store treated effluent. It is important to understand the impacts of this 

behaviour.  

The rainfall long time-series was adjusted to reflect the above climate change predictions. The adjustment 

was made using a linear factor, making sure that the ‘global’ requirement of annual change of 0% and the 

seasonal requirement (1%, -4% and 3% respectively) are fulfilled. The linear adjustment consists of a slope 

and intercept which are from an algorithm. the algorithm iteratively draws from the normal distribution (for the 

slope) and from the intercept range (uniform distribution) until it finds seasonal adjustment parameters for 

every year that fulfil the seasonal and global requirements. 

2 Updated Irrigation Design Flows 

This section presents a summary of the method and results from the updated 2023 Irrigation long time flow 

series work performed by PDP – see Appendix B for further details.  

2.1 Modelled I&I Relationship 

Determining the relationship between RDII and rainfall is fundamental to producing the synthetic irrigation 

long timeseries flows. Key points around the RDII and rainfall relationship compared with earlier work1:  

• 6 years of flow meter data available to infer relationship (previously only 3 years) 

• Updated flow meter data included relatively wet years (added data points to the upper end of the 

trend) 

• Previously work assumed a fixed winter groundwater component (GWII) that likely overestimated 

baseflow during drier winters. After reviewing the updated data set (with wetter years) a fixed winter 

GWII component is not considered appropriate and I&I (including both GWII and RDII) has been 

correlated with rainfall. This is considered to provide a better fit during winter months. 

• The relationship is now based on Duvauchelle CWS rainfall data (2020-2023)  

• Average Dry Weather Flow (ADWF) assumption from earlier work of 54m3/d (off-peak) and 119m3/d 

(peak summer) is still considered appropriate and has been retained. Water meter consumption data 

suggests winter residential and commercial usage is around the 40-50m3/d which aligns with this 

assumption. 

• Soil store flow component added which applies a decaying tail of wastewater flow beyond rainfall 

events to represent the soil store observed from the flow meter data. 

Figure 1 shows the relationship inferred between I&I and rainfall for the updated 2018-2023 data set. 

 

1 Duvauchelle WWTP Land Disposal Modelling – Updated WWTP Flow Series (PDP, 2020) 
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Figure 1 - I&I Portion of Measured Flows Against Rainfall (Event Based 2018-2023) 

Figure 2 shows the comparison between modelled vs measured flows using the relationship determined from 

Figure 1. 

 

Figure 2 - Comparison of Modelled and Measured Flows 

2.1.1 Comparison of Modelled Flows against Measured Flows 

A comparison has been made between the synthetic 50-year irrigation flows and PS608 and 609 flow meter 

measurements from 2018 to 2023 to better understand differences in the modelled flows against measured 

flows. The modelled flows for this comparison have had non-climate change adjusted rainfall used and 2053 

holiday growth removed – for fair comparison with measured data.  
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Time periods within the recent flowmeter data set are somewhat affected by the COVID pandemic. During 

the pandemic Akaroa visitors are known to have significantly reduced and therefore flowmeter readings are 

relatively low for certain periods. While Level 4 lockdown periods are considered to have had a severe 

impact on wastewater flow readings, baseflows through most of 2020 are significantly lower than the years 

preceding and following. It is however difficult to conclusively demonstrate population reductions outside of 

strict lockdown periods and it also understood that domestic tourism to the area may have even increased 

during some of these periods. Noting also that 2020 was a particularly dry year, it is difficult to exclude all of 

2020 for comparative purposes.  

Table 2 shows the modelled vs measured difference for the winter and early spring portions of the year that 

typically drive irrigation requirements. 

Table 2 – Averaged Difference on Synthetic 50-year Modelled Flows against Measured for June-September 

Year Measured Flows (m3) Model Flow (m3) Difference 

2018 9,723 9,221 -5% 

2019 10,529 10,664 1% 

2020 3,0591 3,7021 21%1 

2021 5,2221 5,0271 -4%1 

2022 11,312 11,417 1% 

2023 8,570 8,617 1% 

  Average 2.5% 

Note 1. Excludes periods considered worst effected by COVID lockdown Mar-July 2020 and Aug-Sept 2021. 

The synthetic 50-year flows are considered to model Winter and early Spring flow volumes reasonably tightly 

against measured data, with annually averaged differences within +/- 5% - except for 2020 which was a 

particularly dry year. The average difference across all measured years is <3%.   

Table 3 shows modelled vs measured annual differences from 2018 to 2023. 

Table 3 – Averaged Difference on Synthetic 50-year Modelled Flows against Measured Annually 

Year Measured Flows (m3) Model Flow (m3) Difference 

2018 30,941 34,160 10% 

2019 28,207 32,176 14% 

2020 22,3721 27,5811 19%1 

2021 14,5781 17,3331 9%1 

2022 24,961 27,100 -7% 

2023 22,996 20,183 -12% 

  Average 5.5% 

Note 1. Excludes periods considered worst effected by COVID lockdown Mar-July 2020 and Aug-Sept 2021. 

Annual volume comparison shows a wider range of difference generally sitting between +20% and -10%, 

however summer periods have unpredictable population fluctuations and summer periods are not critical to 

the irrigation performance and requirements.   

While summer flows are acknowledged to over-estimate against measured, the wetter months average 

differences are considered to lie within a reasonable tolerance given the uncertainties and anomalies with 

measured readings.  
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2.2 Future 2052 Flow Series 

Future 2052 design flows have been projected using future parameters however the only adjustment from 

present day is a predicted 33% increase in summer holiday period occupancy. Table 4 shows modelled 

future parameters with the previous 2020 work future parameters also shown for reference. 

Table 4 - Future Flow Series Factors 

Parameter Previous Factor Used Updated Factor 

I&I 
20% RDI Reduction 

0% I&I Reduction 
20% GWI Reduction 

Water Treatment Plant Backwash 10 m3/d inclusion 0 m3/d inclusion 

Holiday Flow 33% increase 33% increase 

Non-Holiday Flow 0% increase 0% increase 

Table 5 summarises the measured and modelled flow statistics.  

Table 5 - Measured and Modelled LTS Flow Results (PDP, 2023) 

 Measured (2017-2023) Modelled (2017-2023) Modelled (Future) 

Average (m3/d) 76 80 82 

Median (m3/d) 64 57 57 

Max (m3/d) 1,001 1,040 1,147 

Min (m3/d) 12 54 54 
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3 Irrigation Modelling 

The updated irrigation long time series flows have been used to re-run the Soil Moisture Balance (SMB) 

Irrigation model for the Duvauchelle scheme. Rainfall and modelled treated effluent flows are applied to the 

proposed irrigation areas from which the SMB model determines application capacity to land and 

alternatively, how much water needs to be stored. For further details around the SMB modelling refer to 

Appendix C (PDP, 2023).  

3.1 Irrigation Parameters 

Key modelling parameters for the scheme are summarised in Table 6. 

Table 6 - Irrigation Modelling Parameters 

Parameter Spray Irrigation (Golf Course 
Playing Area) 

Tree Dripper Irrigation 

Area 6.36 ha (tees, fairways, greens)*1 8.2 ha (max available) 

6.4 ha (sensitivity)*2 

Irrigation Season Summer only*3 All year round 

Application rate 5 mm/d Summer – 2.8 mm/d 

Autumn – 1.5 mm/d 

Winter – 1.0 mm/d 

Spring – 1.5 mm/d 

Irrigation efficiency 85% 100% 

Irrigation cut-off rainfall trigger 30 mm / day 

Note 1 – Spray irrigation area based on information provided by Akaroa Golf Club (AGC) on preferred course irrigation area 

Note 2 – 6.4 ha sensitivity area based on more easily accessible tree zones (i.e. excludes the tree areas within the course) 

Note 3 – Additional sensitivity runs used for no spray irrigation at all to understand storage size reliance on spray areas 

One of the key parameters for the modelling is the tree dripper irrigation area, which has been determined 

using guidance from the USEPA around land treatment of municipal wastewater2 – key recommendations 

being: 

• Exclude land with slope of greater than 19 degrees unless a site-specific geotechnical assessment 

confirms land as suitable 

• Exclude land with slope of greater than 15 degrees for land downslope to coastline  

• Exclude land with identified instability within or downhill of area 

• Exclude land that, if it became unstable, could pose risk to downslope residences and infrastructure 

A site walkover assessment has been carried out by a Beca Geotechnical Engineer and Irrigation Specialist 

(Andrew Brough) to assess the suitable tree irrigation area with consideration of the above guidance and site 

investigations – a total of 8.2 hectares of suitable irrigable area was determined (as shown in Appendix A). 

Based on site conditions (soil type, slope and hill facing direction) a minimum winter application rate of 

1mm/day has been set (1.5mm/day in the shoulder seasons) as appropriate to not heighten the risk of land 

instability.  

An irrigation cut-off trigger has been set that if 30 mm of rainfall falls during a day the irrigation system turns 

off and all treated effluent is stored onsite (the system will operate again after the next day with zero rainfall). 

 
2 Process Design Manual for Land Treatment of Municipal Wastewater, USEPA (2011) 
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This trigger level has been set based on the same factors as the application rates (soil type, slope and hill 

facing direction). 

Other considerations for irrigable area are stream and coastline setback and landscape effects – for further 

details refer to the Disposal and Reuse Options Assessment work by Beca (2020)3. 

3.2 Irrigation Scenarios 

Irrigation scenarios have been run to primarily understand the likely overflow recurrence with given on-site 

(covered) storage volumes. Note that a set of models has been run without course playing area spray 

irrigation to understand the schemes dependence on irrigating these areas (noting that course playing areas 

are only intended to be irrigated in the drier summer months). While 8.2 hectares of area has been identified 

as suitable for tree dripper irrigation, sensitivity has also been assessed on a reduced 6.4 hectares which 

represents the “more easily” irrigated areas around the top of the course without needing to irrigate tree 

areas within the central areas of the course. 

Table 7 summarises the modelled overflow recurrence reported across the 51-year simulation period for 

each fixed onsite storage scenario. Note that ‘overflow seasons’ are reported below which indicate the 

number of irrigation seasons (i.e. years) that overflows occur in the model. Discrete overflow events and 

whether or not repeat overflows occur within an irrigation season are subject to a number of operational and 

regulatory aspects such as;  

• how overflows will be managed (whether storage will be further drawn-down to provide capacity 

following an overflow) – how much and at what rate? etc. 

• What will define an overflow ‘event’ – i.e. how many days between storage spilling defines a new 

event? 

The irrigation modelling undertaken does not capture the above resolution and therefore ‘overflow seasons’ 

have been reported and are discussed further below. 

Table 7 - Irrigation Scenario Results - Storage Volumes and Overflow Seasons (PDP, 2023)4 

Scenario Storage 
Volume (m3) 

Storage Overflow 
Seasons (51-years) 

Scenario 1 

8.2 ha tree dripper area + 6.36 ha course spray area 

5,300 0 

4,000 5 

2,000 25 

Scenario 2 

8.2 ha Tree dripper area (no course spraying) 

5,300 0 

4,000 5 

2,000 25 

Scenario 3 

6.4 ha tree dripper area + 6.36 ha course spray area  

6,500 0 

4,000 17 

2,000 32 

Scenario 4 

6.4 ha tree dripper irrigation (no course spraying) 

6,500 0 

4,000 17 

2,000 33 

 
3 Duvauchelle Wastewater Summary of Disposal and Reuse Options, Beca (2020) 

4 Irrigation Model Results for Land Disposal of Recycled Water at Duvauchelle – Comparison of Areas, PDP 

(2023) 
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Irrigation model runs using the updated flow series and climate change adjusted rainfall data have suggested 

that to prevent any overflows from occurring during the 51-year modelled period, with the maximum available 

(and suitable) tree irrigation area (8.2ha), a covered storage volume of 5,300m3 would be needed. Likewise, 

but utilising a smaller irrigation area of 6.4ha would require 6,500m3 of storage to prevent overflows.  

Utilising a smaller storage of 4,000m3 and the preferred tree irrigation area of 6.4ha results in 17 modelled 

overflow seasons across the 51-year period. A further reduction in storage to 2,000m3 (6.4ha) results in 32 

modelled overflow seasons. Note that for the 2,000m3 storage scenario the modelled overflow volumes are 

significant (often greater than the storage volume itself) and therefore draw-down and other operational 

approaches are unlikely to be able to avoid repeat overflow events within a season. For example, assuming 

no initial draw-down, and that a new overflow event is defined as an overflow occurring at least two days 

following the preceding overflow, the modelled 6.4ha tree irrigation scenario with 2,000m3 storage suggests 

that up to 96 individual overflow events could occur (32 overflow seasons/years). Results for the 4,000m3 

scenarios suggest overflow volumes could likely be managed with operational approaches to avoid repeat 

overflows within a season. 

There appears to be negligible difference between overflow recurrence with or without golf course spray 

irrigation (noting a minor improvement of 3% occurring only at the 2,000m3 scenario and that this modelled 

event is over-estimated compared with measured data). This is due to the disposal of recycled water during 

winter months being the limiting factor that drives peak storage requirements. Also noting it is unlikely that 

the golf course would opt to irrigate their course during significant rainfall events in the summer. 

The 1.8ha reduction sensitivity run (scenarios 3 and 4) require an additional 1,200m3 of storage to avoid 

overflows. It should be noted that this is not a linear relationship. Any alternative area reduction scenarios 

should be modelled to confirm outcomes. 

Note that consideration should be given to short-term water demands during establishment of the tree 

dripper plantations (assuming a large portion of the tree areas are replanted). It is expected that during the 

establishment years there will be a demand to preferentially irrigate the young trees during the summer 

which will likely significantly reduce the amount of treated effluent able to be utilised by the golf club for spray 

irrigation of the playing areas.   

4 WWTP Flows  

Modelled current and future flows relevant to the WWTP design and capacity are summarised in Table 8.  

Table 8: Modelled Duvauchelle WWTP Daily Flow  

WWTP Flows Flow Parameter Unit Typical Domestic Peak Summer 

  Period Feb - December 31st Dec – 6th Jan 

2023 

 

Average Dry Weather Flow (ADWF) m3/d 54 119 

Average Daily Flow (ADF) m3/d 80 136 

Maximum Daily Flow (MDF) m3/d 1,040 

2053 

 

Average Dry Weather Flow (ADWF) m3/d 54 158 

Average Daily Flow (ADF) m3/d 82*1 175*2 

Maximum Daily Flow (MDF) m3/d 1,147 

Note 1. Assumed no domestic population growth through to 2053 (CCC) 

Note 2. 2053 flows have been modelled by applying a future 33% visitor growth factor (CCC). 
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5 Scheme Resilience 

The Duvauchelle Wastewater Scheme is significantly smaller than the Akaroa scheme and there is no 

existing wastewater network model to derive design flows from. Flows for the scheme have been estimated 

using flow meter data from the WWTP and the two pump stations (PS608 and 609) that discharge into the 

WWTP.  Overflow records (provided by Council) for the Duvauchelle Wastewater Scheme suggest overflows 

have occurred at least six times over the last two years: 

• Three overflows at PS609 (July ’22, March ’23 and July ’23)  

• Two overflows at the WWTP (May ’21 and Dec 21) 

• One overflow at 35 Seafield Road, Duvauchelle (July ’21) 

The flow basis for the scheme is derived from network conveyance data and does not include network 

overflows (extreme events). An average recurrence Interval (ARI) resilience for the irrigation system cannot 

be accurately determined without developing a network model and better understanding scheme and 

overflow performance during extreme events.  

As with any critical Council infrastructure, consideration will be needed as to what happens during extreme 

‘black swan’ events and whether wastewater system responses pose any risks to the assets, the community 

or the environment. 

6 Data Accuracy and Flow Uncertainties 

It should be noted that the flows determined from this modelling exercise are a simplistic “best-fit” prediction 

of the expected future performance of the Duvauchelle wastewater network. Differences between modelled 

and measured flows should be expected for future events due to the dynamics of network response that the 

model cannot fully account for. It is recommended that a sensible margin is allowed for when sizing 

infrastructure based on these results to account for modelling inaccuracy.  

The climate change adjustments factored into the modelling are based on an overall probabilistic 

assessment by the MfE. The probabilistic approach cannot forecast extreme individual “black swan” rainfall  

events (i.e. extreme future rainfall events that are larger than those experienced over the time period of the 

modelling) or the associated network flow response. Recent black swan events include Cyclone Gabrielle 

and the extreme rainfall event that occurred at Akaroa on 24th of July 2023.  Such black swan events are 

expected to occur with increased frequency and can strike randomly in any location at any time. As the 

modelling cannot anticipate them, Council should expect that the design basis flow settings for the 

Duvauchelle Wastewater Scheme will be exceeded on occasions in future.   
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7 Summary 

The Duvauchelle Wastewater Scheme design flow basis has been updated using the latest flow meter data 

through to July 2023. The inferred relationship between RDII and rainfall has been adjusted based on the 

additional data and has had the fixed GWI component (from previous 2020 work) removed as considered a 

more appropriate fit with measured and modelled flows. Further modifications to the flow basis include 

removal of the fixed 10m3/d Duvauchelle Water Treatment Plant backwash (as no longer proposed) and 

removal of the 20% future I&I reduction factor as updated data now largely reflects physical I&I improvement 

works to the network. An allowance has also been made for soil store slow response following rainfall 

events. 

A comparison has been made between the synthetic 50-year irrigation flows and PS608 and 609 flow meter 

measurements from 2018 to 2023 to better understand differences in the synthesized flows against 

measured flows. The synthetic 50-year flows are considered to model Winter and early Spring flow volumes 

reasonably tightly against measured data, with annually averaged differences within +/- 5% - except for 2020 

which was a particularly dry year. The average difference across all measured years is <3% 

Utilising a smaller storage of 4,000m3 and the preferred tree irrigation area of 6.4ha results in 17 modelled 

overflow seasons across the 51-year period. A further reduction in storage to 2,000m3 (6.4ha) results in 32 

modelled overflow seasons. Note that at the 2,000m3 storage scenario the modelled overflow volumes are 

significant (often greater than the storage volume itself) and therefore draw-down and other operational 

approaches are unlikely to be able to avoid repeat overflow events within a season. Results for the 4,000m3 

scenarios suggest overflow volumes could likely be managed with operational approaches to avoid repeat 

overflows within a season. 

Negligible difference was found between overflow recurrence with or without golf course spray irrigation 

(noting a minor improvement of 3% occurring only at the 2,000m3 scenario and that this modelled event is 

over-estimated compared with measured data). This is due to the disposal of recycled water during winter 

months being the limiting factor that drives peak storage requirements. Also noting it is unlikely that the golf 

course would opt to irrigate their course during significant rainfall events in the summer. 

The design basis approach for this scheme upgrade work is based on the capacity of the current network 

and does not include conveyance of extreme events and/or overflows to the WWTP and irrigation to land 

system. An average recurrence Interval (ARI) resilience for the irrigation system cannot be accurately 

determined without developing a network model and better understanding scheme and overflow 

performance during extreme events. As with any critical Council infrastructure, consideration will be needed 

as to what happens during extreme ‘black swan’ events and whether wastewater system responses pose 

any risks to the assets, the community or the environment. 

It should be noted that the flows determined from this modelling exercise are a simplistic “best-fit” prediction 

of  future performance of the Duvauchelle wastewater network. Differences between modelled and 

measured flows should be expected for future events due to the dynamics of network response that the 

model cannot fully account for. It is recommended that a sensible margin is allowed for when sizing 

infrastructure based on these results to account for modelling inaccuracy.  
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Appendix A – Duvauchelle Wastewater Scheme - Overview Concept  
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Sensitivity: General 

Attachment 1 – Option 1 Overview Plan 
 

 

Reduced Tree
Irrigation Area
6.4ha
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Appendix B – Duvauchelle WWTP Land Disposal Modelling – Updated 

WWTP Flow Series (2023) 
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Appendix C – Irrigation Model Results for Land Disposal of Recycled 

Water at Duvauchelle – Comparison of Areas (2023) 
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