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2 Existing Site Conditions 

The site is located between Lakes Hayes and Arrowtown, approximately 2km south of Arrowtown and is 

accessed via Ayr Avenue, coming off Arrowtown-Lake Hayes Road.   

The site is located on Lot 4 DP 540788, being land currently zoned Wakatipu Basin Rural Amenity Zone 

(WBRAZ) and subject to the Ayrburn Structure Plan. 

The site sits to the southwest of the Northbrook Waterfall Park development where the valley opens up 

into what is known as Ayrburn Farm.  The historic Ayrburn stone farm buildings are located immediately to 

the east of site in the area known as Ayrburn. 

To the west of the site are steep paddocks that extend above the site toward the Millbrook development. 

Currently, stormwater sheet flows from the paddocks towards the Site and is largely conveyed through an 

intermittent stream or cut off drains and discharges towards Mill Creek south of the site. The site itself 

gently sheet flows towards Mill Creek and down the bank adjacent to the creek. The site area, and 

condition, are shown above in Figure 1. 

With respect to the hydrological and hydraulic surface flow responses under the existing condition, a “rain-

on-grid” flood model has been conducted for the Screen Hub area and associated catchment upstream 

which extends to the southern boundary of the wider site. The extent of this rain on grid model is within 

the existing (wider) Mill Creek flood modelling undertaken for the wider site (including Ayrburn and 

Northbrook) to ensure a comprehensive assessment is undertaken. The existing scenario for the flood 

model includes all constructed and consented works within Northbrook Waterfall Park and Ayrburn to 

capture the fully developed scenario of the wider site.  
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4 Stormwater Management Strategy and Objectives 

For this site, it is proposed to adopt the stormwater management objectives outlined in the current QLDC 

COP to guide stormwater management.  Additionally, there is a specific Proposed District Plan (PDP) water 

quality policy (24.2.4.2) relevant to this part of the WBRAZ, which the site is located within, and this is 

discussed in the following section.  

4.1 Proposed District Plan Policy 24.2.4.2 

The Policy States: 

“Restrict the subdivision, development and use of land in the Lake Hayes catchment, unless it can 

contribute to the water quality improvement in the catchment commensurate with the nature, 

scale and location of the proposal” 

Policy 24.2.4.2 is clear that water quality leaving the site in the post-development scenario should be 

proven to be better than what exists currently.  

As has been used elsewhere on the wider site, it is proposed to provide a treatment train approach to this 

site to ensure that post-development runoff water quality is an improvement of the existing scenario 

(farmed). 

4.2 Proposed Stormwater Management Objective 

High level objectives for Stormwater Management within the development area are in line with current 

QLDC guidance and consenting works in the catchment area, they are summarised as follows: 

✓ Water Quality 

Treat stormwater runoff from site with a treatment train approach, improving on existing scenario. 

Devices sized based on Water Quality Flow (WQF) rate of 10mm/hr and Water Quality Volume (WQV) 

based on 1/3 2yr ARI event (16.2mm) from the NIWA HIRDS v4.1 

✓ Hydrological Mitigation 

Post-development peak flow should not exceed pre-development peak flow from the overall site boundary. 

✓ Conveyance  

Primary Conveyance of the 20yr ARI peak flow (including the effects of climate change).  

Secondary Conveyance of the 100yr ARI peak flow (including the effects of climate change).  

  

 
1Auckland Council GD01 specifies 90th percentile rainfall. QLDC confirmed, through Ayrburn Precinct and Northbrook 
consenting, this is 1/3 of the 2-year event (48.3mm)  
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5 Stormwater Management Plan 

This section presents the existing stormwater management system and the proposed options assessment 

which aligns with the stormwater management approach implemented and/or consented across the wider 

site (including Northbrook Waterfall Park and Ayrburn).  

5.1 Existing Stormwater Management System 

Stormwater runoff from the site discharges as surface runoff to Mill Creek which runs through the middle 

of the wider Northbrook and Ayrburn site from the north to south. CKL have conducted a flood model for 

Mill Creek for pre-development and post-development scenarios to assess the peak flow for multiple 

rainfall events at the wider site boundary just below the Screen Hub site. This model was used as a basis for 

flood modelling for the Screen Hub site as it incorporates all construction and consented work for the wider 

Ayrburn and Northbrook development area. This includes the approved Ayrburn Haybarn bund 

(RM230425.EA00) in the paddock across from the Screen Hub used as flood control for wider site. The flood 

model report can be found in Appendix 3. 

Currently there is no formal stormwater management on the Film Hub site as it is associated with rural and 

vineyard 2operations. There are natural streams and gullies that receive surface flow from the contributing 

catchment. The site also receives flow from the Millbrook development via a piped discharge to the head of 

the tributary within western portion of the site.  

There are several existing depression areas within the upstream tributaries which acts to retain some 

sediment from upstream catchment.  

5.2 Proposed Stormwater Management Options Assessment 

A treatment train approach was identified as the Best Practicable Option (BPO) for protecting Lake Hayes, 

as detailed in the following sections.  

This treatment train method builds on previous Northbrook and Ayrburn development consents and their 

outcomes. Single-stage devices or standard stormwater ponds alone were deemed inadequate for reducing 

sediment and nutrient loads. The Ayrburn Film Studio project will use primary raingardens and proprietary 

devices, secondary central pod wetlands, and tertiary planted infiltration ponds by Mill Creek. 

  

 
2 The vineyard area is not part of the Film Hub stormwater management extents 
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6 Best Practicable Stormwater Management Option 

Given the ultimate receiving environment is Lake Hayes, which is susceptible to nutrient loading, it was 

determined that a treatment train approach to treat potential contaminants within runoff generated from 

site is the preferred option to ensure robust treatment and reduce risk of contaminants entering Lake 

Hayes. This approach continues to be the best practicable option (BPO) associated with the overall Ayrburn 

and Northbrook development. 

6.1 Catchment Description and Treatment Train 

The stormwater management catchment area, unlike the overall site boundary, specifically includes only 

those parts of the land where use has changed, such as roads, roofs, and landscaped spaces. The rest of the 

site, which remains unchanged, continues to drain as it always has, with stormwater runoff flowing 

naturally across the surface. These unaltered areas are not included in the Film Hub’s managed stormwater 

catchments.  

With respect to the stormwater management area, there are several distinct sub-catchments (within the 

site) each managed using different treatment train methods, as shown in Figure 3 below.
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Figure 3: Treatment Sub-Catchment Drawing 
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At the downstream portion of site, adjacent to Mill Creek, it is proposed to include a planted infiltration 

pond that will capture all runoff from site as well as a portion of existing Ayr Avenue flow and the Flower 

Farm site. This pond will act as polishing treatment for the entire catchment (including the mentioned 

Flower Farm and Ayr Avenue) and will allow for some infiltration to ground for further treatment.  

6.1.1  Catchment A 

The internal road is proposed to be treated first by at-source raingardens between parking bays. Runoff will 

infiltration through the bioretention media in the raingarden to underdrains. The primary treated water 

quality flow that discharges to the underdrains will be conveyed to the wetlands in the centre of the Screen 

Hub development. These are referred to as pod wetlands. This catchment will get tertiary treatment in the 

infiltration ponds at the base of the wetland. More details of the raingarden design are included in Section 

7.1 below.  

The raingardens are designed to handle the water quality flow. Flow in excess of this will discharge to 

downstream mudtanks once raingardens are saturated. The runoff in events larger than the water quality 

event will enter the mudtanks and into the proposed stormwater network sized for 20yr ARI event.  

6.1.2 Catchment B 

The large parking area adjacent to the film studio buildings (also referred to as backlot) is proposed to be 

treated by underground proprietary treatment devices designed to treat the entire hardstand area. 

Primary treated flow will discharge to the pod wetlands at the centre of the Screen Hub for secondary 

treatment. This catchment will receive tertiary treatment in the infiltration ponds at base of catchment. 

Hynds Up-Flo devices are currently proposed as they provide treatment with low driving head, include an 

internal bypass for flows above the WQF and relatively compact given site constraints. They are a good 

option for primary treatment, where this catchment will receive additional treatment from the pod 

wetlands and tertiary infiltration ponds.   

6.1.3 Catchment C 

The northern portion of the internal loop road is proposed to have primary treatment through in-road 

raingardens, as with the rest of the loop road. However, treated runoff discharging through the base of the 

raingarden cannot discharge to the pod wetlands given vertical (elevation) constraints. Therefore, this 

catchment is proposed to discharge primary treated water (via the in-road raingardens) to the swale along 

Ayr Avenue which will provide the secondary treatment. Ultimately this runoff discharges to the infiltration 

ponds to receive tertiary treatment prior to entering Mill Creek.  

6.1.4 Catchment D 

A portion of the internal loop road to the south is proposed to have primary treatment through in-road 

raingardens, as with the rest of the loop road. However, treated runoff discharging through the base of the 

raingarden cannot discharge to the pod wetlands given vertical constraints. Therefore, this catchment is 

proposed to discharge primary treated water (via the in-road raingardens) to the infiltration ponds to 

receive secondary treatment. This still provides a treatment train approach and high level of treatment for 

this road sub catchment.  
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upstream of the site and have proven to be efficient and effective at removing sediment from Mill Creek 

prior to entering Lake Hayes and improving the water quality of the lake. This is described in Section 8.2.1 

7 Proposed Stormwater Management Components 

The following sections describe the treatment devices that are the stormwater management system 

components proposed for the site.  

7.1 Raingardens 

Twenty-one (21) bioretention devices (raingardens) are proposed within the internal road to provide 

primary treatment and recharge groundwater where possible. There is also one larger raingarden proposed 

at the base of the southern access road, adjacent to tertiary infiltration ponds. The raingardens will have 

500mm of bioretention media which a saturated hydraulic connectivity (Ks) rate of 750mm/hr3. 

Soakage testing was undertaken near the proposed internal road which resulted in a relatively low soakage 

rate of 30mm/hr. Assuming 50% reduction factor, the design rate is 15mm/hr. Soakage calculations are 

supplied in Appendix 2.  

The raingardens are unlined and designed to have a retention layer to allow some runoff to infiltrate to 

ground, however an underdrain will be set above the retention layer to convey treated runoff to the 

downstream wetland system. 

Appendix 2 demonstrates the sizing for all raingardens.  

7.1.1 Sensitivity Analysis for Raingardens 

Following peer review4feedback, a sensitivity test was conducted on the biofiltration media infiltration 

rates in the raingardens to assess sizing and treatment efficiency. The design uses a K value of 750mm/hr, 

which was compared to the Christchurch City Council's (CCC) preferred rate of 300mm/hr for raingarden 

sizing. 

The raingarden design is based on the WQF associated with the contributing catchment and as such the 

raingarden size in the original design will provide for 40% of the WQF. Conversely if the WQF is used the 

raingarden with K = 0.3m/hr is 2.5 times larger than the design provided.  

To determine the likely contaminant removal efficiency of a raingarden designed with a K value of 

300mm/hr but sized according to the original K = 750mm/hr design, the proportion of the Water Quality 

Flow (WQF) treated by the raingarden was compared to estimated removal efficiencies, as shown in the 

table below. 

  

 
3 Ks=750mm/hr which aligns with GD01 water quality raingarden filter media Ks less than or equal to 1000mm/hr 
4 Peer review undertaken by Peter Christensen, Storm Environmental Ltd. 
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8 Catchment Sediment Management 

The changes in land use in the Lake Hayes catchment from bush to farmland and residential developments 

has meant over time the lake quality has degraded as sediment and nutrient loading has built up 

As per section 4.1 there is a there is a specific Proposed District Plan (PDP) water quality policy (24.2.4.2) 

relevant to this part of the WBRAZ, which the site is located within, that need to be adhered to. 

The Policy States: 

“Restrict the subdivision, development and use of land in the Lake Hayes catchment, unless it can 

contribute to the water quality improvement in the catchment commensurate with the nature, 

scale and location of the proposal” 

Sediment management forms an integral part of meeting this objective and thus sediment management 

devices are proposed to enhance and promote more sediment retention and will be monitored for 

sediment build up. 

The Ayrburn Film Studio application includes enhancement of sediment removal through introduction of 

sediment ponds, which is detailed in the following subsections. 

8.1 Existing Sediment Management  

In an effort to improve the water quality in Lake Hayes and reduce the amount of existing sediment 

reaching the lake, a few inline sediment retention ponds have been built in the upper reaches of the 

catchment which have proven to retain significant amounts of sediment.  

There are two major existing inline sediment retention ponds within the catchment, upstream of Ayrburn 

and Northbrook Waterfall. These two ponds are located near Wharehuanui, approximately 8km upstream 

of site. They are called Puku Nui and Puku Iti ponds. Locations of each pond are shown below in Figure 5.  

It is to be noted there are also existing inline ponds within the wider Ayrburn and Northbrook site, within 

Mill Creek, which have proven to be successful in removing sediment. 
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8.2 Proposed additional Sediment Management Ponds 

As outlined in Section 8.1, the current ponds are effective in removing sediment from Mill Creek To further 

improve sediment retention before water enters Lake Hayes, an additional inline pond is proposed for the 

lower catchment and two inline ponds in the upstream tributary stream are proposed as part of the Screen 

Hub development.    

The details of these ponds are also described in the sections below and Figure 6 presents locations of these 

ponds 
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Figure 6: Proposed Sediment Management Scheme Plan 
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8.2.1 Mill Creek In-line Sediment Retention Pond 

The purpose of this device is to capture sediment within Mill Creek which is generated from the entire Mill 

Creek catchment surface runoff. The pond will be cleared when sediment builds up, with the overall 

objective to enhance sediment management within the Mill Creek catchment. 

Unlike localised stormwater devices serving only the Screen Hub, this pond provides catchment-wide 

benefits by capturing sediment generated throughout the Mill Creek catchment that ultimately reach Lake 

Hayes. The selected location, near the lower reaches of Mill Creek, is strategically positioned where 

approximately 80% of the catchment contributes flow. The flat topography at this site promotes low stream 

velocities, encouraging sediment deposition and retention before flow continues toward Lake Hayes. 

This location also provides resilience to upstream ponds (e.g., Puku Iti and Puku Nui), acting as a final 

barrier to intercept sediment in the event of upstream ponds reaching capacity. 

Compared to existing upstream ponds, the proposed pond is larger and positioned to intercept greater flow 

volumes, offering a robust, sediment removal measure for the catchment.  

Further downstream, the steeper gradient towards Lake Hayes makes sediment retention less feasible; 

thus, the selected site represents the most effective opportunity for sediment capture.  

The pond’s design matches the existing stream profile and ensures minimal disturbance to flow dynamics 

while providing critical protection to Lake Hayes’ water quality and will have the following dimensions:   

• Top Length=67m 

• Top Width=17.5m 

• Depth=2m  

For maintenance purposes there is a diversion channel designed so stream flow can diverted from away 
from this in-line pond when the pond needs to be cleared of sediment.  This clearing of sediment will be 
conducted during a dry weather period.  

8.2.1.1 Estimated sediment removal 

The volume of the proposed pond is 900m3, larger than existing ponds upstream (which are 750m3 and 

540m3). Assuming the upstream ponds are cleaned when full and therefore operational, they will remove a 

large portion of sediment transported from upstream of them. Therefore, the sediment expected to be 

deposited in the proposed Ayrburn in-line sediment retention pond would largely be from runoff 

downstream of Puku Iti pond and upstream of this project’s pond.  

The catchment area upstream of Puku Iti is 19.93km2 compared to the catchment area downstream of 

Puku Iti but upstream of proposed pond which is 13.55km2. Both catchments consist of farmland, 

residential areas, and steep vegetated hills.  

To roughly estimate the volume of sediment removal a comparison of both the catchment and 

characteristics of such provide a quantitative basis for assessment.  

The Ayrburn catchment is 70% of the Puku Iti catchment and the proposed Ayrburn sediment retention 

pond is also 70% of the volume of the of Puku Iti and Puku Nui ponds combined volume. It can therefore be 

concluded that the proposed pond may fill up with sediment roughly every year and remove 900m3 of 

sediment annually based on the analytical data presented thus far from the upstream pond performances.  

It should be noted that this is a high-level estimate based on the two larger inline ponds upstream.  

However, there are smaller in-line sediment retention ponds within Northbrook Waterfall Park site, directly 

upstream of this proposed pond, that have proven to remove sediment and are being maintained and 
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9  Contaminant Load Modelling  

CKL assessed contaminant loading for the site in existing (farmed sheep and beef) and proposed conditions 

in order to determine if the proposed stormwater treatment approach would improve the water quality of 

the stormwater discharging from site. Given nutrient loading is an issue in Lake Hayes, the focus was on 

Phosphorus, Nitrogen and TSS, however heavy metals are also considered.  

Auckland Council Contaminant Load modelling methodology is used in the assessment.  Although this 

methodology is applicable to a different climate and geology it is currently the main methodology used 

across the country and also adopted by the Christchurch City Council (CCC).  

9.1 Total Phosphorus and Total Nitrogen Yields  

The Ministry for Environment conducted contaminant loading for different land uses in New Zealand for 

Total Nitrogen (TN) and Total Phosphorus (TS). Table 6 below demonstrates the contaminant yield for each 

type of land use.  

Table 6: Land use specific yields for Total Nitrogen and Total Phosphorus 

 

The existing grass areas within the Film Hub stormwater management area (within the overall site) are 

considered to be assessed as sheep & Beef in light of its current zoning and potential use. Farmed areas 

produce high nutrient loading given animal faeces. Additionally, they can be assumed to have occasional 

spraying of pesticides to manage weeds.  

The proposed land use is considered urban given this section of site is being converted to a commercial 

park area. This is considered a conservative assumption given the daily use of the proposed carparks and 

accessways will be significantly lower than an urban road. However, most nutrient loading in an urban 

environment comes from pet waste, fertilizer of garden, and atmospheric depositions. It is not expected 

that the Ayrburn Screen Hub will have much, if any pet waste and the use of fertilizers on site will be 

limited.  Atmospheric deposition cannot be controlled. Therefore, the actual nutrient loading in the post-

development scenario is expected to be lower than what is presented above. Given the use of fertilizer can 

be limited for this development proposal, it is assumed that post-development nutrient loading will be 

reduce by 30% compared to above table levels.  
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9.2 Total Suspended Solids and Heavy Metal Yields  

Total Suspended Solids (TSS) and heavy metals loading was assessed based on the contaminant yields 

applied within the Auckland Council’s contaminant load model (CLM). TPH below stands for Total 

Petroleum hydrocarbons, not considered here given the low vehicle traffic. Table 7 below demonstrates 

TSS yields for different and uses.  

Table 7: Auckland Council's Land Use Specific Contaminant Yields 

 

Based on the above contaminant yields, the existing farmed scenario has the following contaminant yields: 

TSS is 152 g/m2/yr, Zinc as 0.005 g/m2/yr and Copper as 0.0011 g/m2/yr, given it would be considered 

farmed pasture on flatter land. 

For the proposed scenario, different land uses were used for each surface type. The following were used: 

Zinc, aluminium surfaced steel for roofs, <1k vehicle per day for roads, urban grasslands and trees for 

pervious area, and Commercial paved for footpaths. However, the commercial paved area has significant 
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The removal rates are relatively low for Phosphorus and Nitrogen in some stormwater treatment devices 

and given these nutrients are of particular interest in the catchment, a treatment train approach is 

suggested as the best practical option to treat runoff from the site. 

Phosphorus and Nitrogen are removed from stormwater within raingardens as stormwater filters 

into/through the media and clings to the sediments and soil’s structure. The nutrients are then absorbed by 

the roots of the plants within the devices and removed from the stormwater. Treated (Stormwater) water 

then drains from the bottom of the device.  

Heavy metals partially cling to TSS which, when stormwater is slowed down through devices, this settles 

out. It is filtered through media in raingarden where it fills the void space in the topsoil and media overtime 

and devices usually need to be dug up and fresh soil replaced given the build-up of TSS and heavy metals in 

the soil. This typically happens every 25 years.  

Similar nutrients in wetlands are removed through sedimentation and through plant uptake. Given the 

proposed pod wetlands are not designed as a traditional wetland, many of the removal efficiency rates 

used in this assessment are on the lower end of the range provided in CCC reporting, and lower than the 

NZTA rates provided above. 

Ponds are less efficient at removing nutrients, however, given the water quality event can be infiltration 

through ground, the tertiary infiltration ponds are assumed to have similar removal rates to infiltration 

practices. The removal efficiency rate range for nitrogen in infiltration practices in CCC is higher than NZTA 

rates. Given the infiltration ponds are proposed to be planted which will provide/include nutrient uptake, a 

removal rate in middle of CCC value range, but higher than NZTA value was chosen. All other rates use the 

above NZTA value and relate to the CCC values. 

The removal efficiencies of the proposed Hynds Up-Flo are provided in Section 7.4 above. The final removal 

rates assumed for each device is provided below in Table 12. 

9.5 Treatment Train Approach  

A treatment train approach is suggested to treat the proposed carpark in order to achieve high removal 

rates of TP, TN, TSS and heavy metals.   

NZTA uses a simplified equation for the total removal of a given contaminant for two stormwater 

treatment devices in a series. The equation is as follows: 
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11  Summary 

A stormwater management assessment was completed for the proposed Ayrburn Screen Hub. The best 

practicable stormwater management plan for this site has been developed to mitigate the effects of 

development of the site on the receiving Mill Creek and the downstream Lake Hayes environment. 

This stormwater management includes discharging stormwater runoff from internal roading and parking 

to raingardens followed by series of pod wetlands. This treatment train approach will ensure higher 

removal rates of Nitrogen, Phosphorus, and TSS which are the main nutrients of concern for the receiving 

environment, Lake Hayes. Some of the road area cannot discharge to the pod wetlands given height 

constraints, these areas will be treated by raingardens followed by an infiltration pond prior to discharging 

to Mill Creek. The infiltration ponds will provide treatment through infiltration to the entire upstream 

catchment including the low contaminant generating surfaces (roofs, footpaths, pervious areas) and 

provide secondary and tertiary treatment to the road and parking areas.  

The upstream catchment runoff is diverted away from the contaminant generating areas via existing 

overland flow paths and streams and landscaping. This will ensure no mixing of upstream runoff with the 

untreated water from the road and the treatment devices function as designed.  

An inline sediment retention pond within Mill Creek downstream of the Screen Hub and just upstream of 

the wider Ayrburn Farm southern boundary is proposed for sediment removal. This pond is designed to 

settle out sediment from within the creek flow, which is generated from the entire upstream catchment, 

prior to entering Lake Hayes. The velocities within the pond were assessed to ensure they will settle out 

suspended solids in the stream without resuspension in the more frequent rainfall events. It is estimated 

that this in-line pond will remove about 900m3 per annum of sediment that would otherwise deposit into 

Lake Hayes.  

A flood model was developed building on the existing Mill Creek (1-D) peak flow flood model with 

additional rain-on-grid model for Screen Hub and surrounding catchment. The results from the model show 

there is no increased flood risk within the proposed Screen Hub site or downstream of the subject site. 

Furthermore, the post-development flow at the wider Ayrburn Farm southern boundary is less than the 

pre-development flow, thus meeting the overarching flow mitigation strategy for the site. 
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Appendix 1 Drawings 

(Refer to Paterson and Winton Ayrburn Screen Hub Consent Drawings, July 2025) 
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Appendix 2 Calculation Summary 



Client : Waterfall Park

Site address : Ayr Ave, Arrowtown

Job name : Screen Hub

Job number : A20254

Date 5/06/2025 File Name A20254-EV- -Studio SMP.xlsx

By FDP Sheet Name Tertiary Ponds Soakage E1

Checked KW

Design Parameters

Design Storm Event WQV (1/3 2yr, RCP6.0)

1 hr duration of rainfall intensity +CC 3.367 mm/hr

Soakage Rate 400 mm/hour

Soakage Rate Reduction 50%

Design Soakage Rate 200 mm/hour

Post-Development Flow

Soakage Flow: (NZBC E1/VM1)

Contributing Catchment C A (m2) CA (m²) Rc (m3)
Roof 0.95 0 0 0.0

Driveway 0.90 52639 47375 159.5

Pervious Area 0.30 0 0 0.0

Total 52639 47375.1 159.5

Soakage Trench Design

(NZBC E1/VM1)

Run-off into soak pit in one hour 159.50 m3

Soakage released in one hour 117.00 m3

Storage Required 42.50 m3

Number of soakage ponds 1

Trench Base Area 585.00 m2

Soakage Pond Depth 0.50 m 292.5

Drainage Metal Void Ratio 100% (NZBC E1/VM1)

Total Available Trench Volume 292.50 m3

Soakage Pit Empties in 0.4 Hrs

AIM: To determine soakage trench design and corresponding storage requirements 

Design based on Hamilton Infrastructure Technical Specifications Section 4.2.15 and New Zealand Building Code E1/VM1

(𝑆𝑟)

𝑅𝐶 =
𝐶𝑖𝐴

1000

𝑉𝑠𝑡𝑜𝑟 = 𝑅𝑐 − 𝑉𝑠𝑜𝑎𝑘
where   𝑉𝑠𝑜𝑎𝑘 = Τ𝐴𝑠𝑝 × 𝑆𝑟 1000

(𝑉𝑠𝑜𝑎𝑘)

(𝑅𝑐)

(𝐴𝑠𝑝)

(𝑉𝑠𝑡𝑜𝑟)





Job Name Waterfall Park File Name A20254-EV- -Studio SMP.xlsx

Job No. A20254 Sheet Name Raingarden

Date

By FDP Checked KW

Screen Hub Raingarden Sizing

RG 1 RG2 RG 3 RG 4 RG 5 RG 6 RG 7 RG 8 RG 9 RG 10 RG 11 RG 12 RG 13 RG 14 RG 15 RG 16

Carpark Area (m2) 277 461 263 1106 516 480 594 538 1072 631 589 869 703 623 612 827

 Carpark FLow - WQF (10mm)
Area (ha) 0.02770 0.04610 0.02630 0.11060 0.05160 0.04800 0.05940 0.05380 0.10720 0.06310 0.05890 0.08690 0.07030 0.06230 0.06120 0.08270

C No. (Imp) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Int (mm/hr) 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Q = 2.78CiA 0.7 1.2 0.7 2.8 1.3 1.2 1.5 1.3 2.7 1.6 1.5 2.2 1.8 1.6 1.5 2.1

Raingarden Sizing

WQF (m3/hr) 2.5 4.2 2.4 10.0 4.6 4.3 5.4 4.8 9.7 5.7 5.3 7.8 6.3 5.6 5.5 7.4

K m/hr 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

Area of RG (m2) 6.65 11.07 6.32 26.57 12.39 11.53 14.27 12.92 25.75 15.16 14.15 20.87 16.89 14.96 14.70 19.86

Carpark Area (m2) 1357

Flower Farm Carpark FLow - WQF (10mm)
Area (ha) 0.13570

C No. (Imp) 0.90
Int (mm/hr) 10
Q = 2.78CiA 3.4

Raingarden Sizing

WQF (m3/hr) 12.2

K m/hr 0.75

7/07/2025

Kakapo Catchment (Access Track to south)
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Appendix 3 Flood Model Report 
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1 Introduction 

CKL has been engaged by Waterfall Park Developments Ltd (WPDL) to develop a Stormwater Management 

Plan (SMP) for the proposed Ayrburn Screen Hub which includes filming studios with associated 

accommodation and facilities. The site is located at Ayr Avenue, off Arrowtown-Lake Hayes Road. The site is 

approximately 2km south of Arrowtown. 

To support the SMP development a flood model was built. This flood model included a “rain-on-grid” 

approach, to support the SMP outcomes and the proposed development. The extent of this rain on grid 

model reflects the proposed Ayrburn Screen Hub project extents, which lies within the wider site including 

Ayrburn and Waterfall Park /Northbrook which previous Mill Creek flood modelling reflected. This flood 

model update to include Ayrburn Screen Hub provides a comprehensive flood assessment. The existing 

scenario for the flood model includes all consented works within Northbrook/Waterfall Park and Ayrburn to 

capture the fully developed scenario of the wider site.  

This report serves to document the flood modelling process and parameters underpinning the model 

outcomes. 

 
Figure 1: Site Location (Winton Provided, December 2024) 

1.1 Reference Documents 

The development of this flood model report is guided by the following key documents, which are referenced 

throughout this report. 

• QLDC Land Development and Subdivision Code of Practice (QLDC COP) 

• Ayrburn Screen Hub Resource Consent Drawings by Patersons dated December 2024 – July 2025 
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2 Existing Site Conditions 

The site is located between Lakes Hayes and Arrowtown, on Lot 4 DP 540788, being land currently zoned 

Wakatipu Basin Rural Amenity Zone (WBRAZ) and subject to the Ayrburn Structure Plan. 

The site sits below Northbrook Waterfall Park development where the valley opens up into what is known 

as Ayrburn Farm.  The historic Ayrburn stone farm buildings are located immediately to the east of the site, 

in the northern extent of Ayrburn Farm in the area known as Ayrburn Domain. 

To the west of the site is steep paddocks that extend above the site toward the Millbrook development. 

Currently, stormwater sheet flows from the paddocks towards the Site and is largely conveyed through an 

intermittent stream or cut off drains and discharges towards Mill Creek south of the site. The site itself 

gently sheet flows towards Mill Creek and down the bank adjacent to the creek. Existing site area, and 

condition, are shown above in Figure 1. 

3 Proposed Development 

The proposal for the Ayrburn Screen Hub includes the filming studios, offices and workrooms, and 

accommodation, conference rooms, wellness and reception area for film staff and crew. Figure 2 below 

shows the proposed site plan.  

 

Figure 2: Proposed Site Plan 
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4 Existing Northbrook Waterfall Park Flood model  

The Northbrook Waterfall Park Flood Model (NWP Flood Model), developed by Fluent Infrastructure 

Solutions, assessed flood risks and informed mitigation strategies for the wider Ayrburn and Northbrook 

Waterfall Park site and its surrounding Mill Creek catchment. Using InfoWorks ICM (v2021.9), the model 

incorporated LiDAR, survey, and design surface data to simulate pre- and post-development scenarios.  

Peer reviews from CKL, Stantec, and AWA supported the final flood model and adopted 100-year ARI peak 

flow of 33 m³/s at the upstream/northern boundary of the wider site (at the location of the waterfall).  

The model concluded that climate change significantly increases flood risk, particularly through overflow of 

upstream floodplain storages, and that the adopted parameters provide a conservative yet robust basis for 

development planning. The full report, noted as the Fluent Report, is attached in Appendix 2, for reference. 

This model (NWP Flood Model) has been developed and updated through design and consenting process of 

both Northbrook Waterfall Park Retirement Village and Ayrburn Precinct. As part of the development of 

these sites, flood mitigation is proposed to limit the peak flow from the wider site to pre-development 

levels along the southern boundary of site. This flood mitigation relies on the construction of the Haybarn 

Bund, which is adjacent to the proposed Screen Hub development, and thus this flood bund is included in 

the updated flood model to enable any effects of future works to be assessed holistically.  The Northbrook 

Retirement Village latest flooding report along with the engineering plan approval (EA) reporting for the 

Haybarn Bund are included in Appendix 3 for context and reference. The Haybarn Bund EA application is 

under RM230425.EA00 and at the time of writing this report the construction of this flood bund is 

anticipated to occur within the next 2-6 months. 

Additionally, through updated flood modelling of Northbrook Retirement Village, the southern boundary 

condition was update in the ICM model as the original flood model by Fluent had incorrect Lidar at the 

boundary. The memo summarising this boundary change in the model is also included in Appendix 3.  

5 Ayrburn Screen Hub - NWP Flood Model Updates 

The existing ICM model for Northbrook Waterfall Park (NWP Flood Model) and Ayrburn Domain (Mill Creek 

1-D model) has been developed further to support the Ayrburn Screen Hub project and includes a rain-on-

grid (2-D) flood model for the Screen Hub site area and surrounding catchment. Figure 3 below shows the 

existing Mill Creek Peak flow input and the rain-on-gird catchment area assessed. 
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Figure 5: Manning’s n Roughness Areas – Post-development- Screen Hub Model 

5.2.1 Site development characteristics - hydraulic modelling 

Much of the Screen Hub site sits well above the Mill Creek catchment and therefore is not at risk from Mill 

Creek flooding events. However, the rain-on-grid model allows us to assess the overland flow as it passes 

through the site and the interaction with the upstream flow behind the Screen Hub to assess any flooding 

risk.  

It is proposed to include an in-line sediment retention pond within Mill Creek, to capture and remove 

sediment that is generated from the upstream catchment prior to discharging into Lake Hayes. This in-line 

pond effects the flow regime of Mill Creek, at this location, which results in reduced peak flow along 

southern boundary during smaller storm events. Particular attention is paid to this in-line pond and 

surrounding environs to ensure velocities are low to encourage sediment deposition into the ponds in 

smaller storm events.  

Adjacent to the in-line pond are proposed treatment infiltration ponds as part of the treatment train 

approach for the Screen Hub development and to retain runoff from the Screen Hub sub catchment prior to 

discharging to Mill Creek. These ponds are only inundated from Mill Creek flow in 100yr ARI rainfall event.  

Flow velocities around these ponds remain low to avoid re-suspending sediment, erosion or affect planting. 

These ponds are addressed further in the Stormwater Management Plan for Screen Hub2.  

The results from the Screen Hub flood model are included in the following sections.   

 
2 Stormwater Management Plan, Ayrburn Screen Hub, Waterfall Park Development Ltd, CKL, June 2025 
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7.2 Upstream Flow diversions 

Upstream catchments located above the film studios present a potential flooding risk if not properly 

managed, refer to Figure 8. In the current flood modelling, there is no indication of water pooling behind 

the proposed building, as the model does not block the buildings and allows overland flow across the 

platforms. While this approach may overlook minor localised flood pockets, these are expected to be 

minimal and will be addressed in greater detail during the detailed design phase. 

 

Figure 8: Upstream slope catchments  

Details of the surface flow diversion system includes cut-off bunds/swales, ground shaping and utilisation 

of retaining walls. These diversion systems are presented  Figure 9 and Figure 10.  
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Figure 9: Upstream slope surface flow diversion -Cross section Locations 

 

 

Figure 10: Cross section B and Cross section D 

The cut off channels and swales, designed for the 100-year flow, form a key part of the upstream flow 

management strategy to mitigate flood risk to the development platform and will reduce the risk of surface 

flooding.  

As shown in Section B, the upslope cut-off channel is integrated with a soldier pile wall and concrete-

capped conveyance channel, to intercept and redirect overland runoff. The transition to a 2.5 m wide swale 

located adjacent to a retaining wall, as presented in Section D, will provide runoff conveyance to the other 

retaining wall structures.  

 

  





   

Auckland  |  A20254  Page 15  

- That the ponding shown is at a low point in the road and is only present because 100% 
blockage of the SW network has been assumed. 

- To mitigate potential effects for this non-habitable building a slot drain is proposed at the edge 
of the modelled 100yr top water level. 

- The flow calculated during the 100yr ARI demonstrate that thus would be adequately conveyed 
in a slot drain 

8 Summary and Conclusion 

This Ayrburn Screen Hub flood report documents the development of a flood model, which includes 

previous peer reviewed flood models for the Mill Creek catchment and a rain-on-grid flood model to assess 

the flood risk associated with the proposed Ayrburn Screen Hub development. The modelling builds upon 

the existing Northbrook Waterfall Park flood model and incorporates updated design data, proposed site 

layouts, and updated hydraulic parameters relevant to the site. 

The results confirm that the proposed Screen Hub development is largely unaffected by overland flow from 

Mill Creek due to its elevated location. The rain-on-grid (flood model) approach provides a detailed 

assessment of localised surface runoff, demonstrating that any post-development increases in peak flows 

from the Screen Hub catchment are minor and will not result insignificant downstream impacts within Mill 

Creek. 

All buildings have been designed to meet QLDC freeboard requirements, with one minor exception 

identified and mitigation has been documented. 
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Appendix 1  High Resolution Maps 
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Appendix 2 Fluent Report 
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Appendix 3 Latest Mill Creek Flood Assessments 

• Northbrook Waterfall Park Latest Flood Report

• Haybarn Bund EA Model Report

• Boundary change memo
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1.1 Reference Documents 

The development of this flood model update is guided by the following key documents, which are 

referenced throughout this report. 

• QLDC Land Development and Subdivision Code of Practice (QLDC COP) 

• Northbrook Arrowtown Resource Consent Variation Drawings by Paterson Pitts Group dated July 2024 

• Northbrook Landscape Plans by Winton dated July 2024 

• Stormwater Management Plan – Northbrook Arrowtown Variation by CKL July 2024 

• Northbrook Arrowtown – Flood Assessment – Resource Consent by Fluent Solutions dated March 

2023. 

2 Site Existing Features 

Please refer to Northbrook Arrowtown – Flood Assessment – Resource Consent by Fluent Solutions dated 

March 2023 and lodged under RM220926 for detailed background information and existing site 

characteristics. 

3 Proposed Development 

As per RM220926 and variation RM240252, the proposed development is accessed by vehicle, via 

Arrowtown-Lake Hayes Road, along the Ayr Avenue access road and proposed Ayr Avenue extension from 

Ayrburn Domain to the waterfall at the head of the valley.  

The changes proposed under this variation are detailed in Table 1 below, some of which do not affect the 

flood modelling, and are presented as “consented under RM220926” and “proposed variation July 2024”. 
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Table 1: Variation between Consented Development and Proposed Development 
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4 Flood Flow Assessment 

The flood modelling has been updated to include the proposed variation changes, outlined in Section 3, 

and outcomes are presented in the following sections. 

4.1 Pre- and Post-Development Flood Flow Results Summary 

An assessment of the pre-development (prior to the RM220926 resource consent application), the 

consented flows and post-development (this variation application) has been undertaken.  

Refer to Figure 3 for the assessment locations where the pre- and post-development flows have been 

reviewed. 

The flood flow assessment has been taken at the following locations: 

• Northbrook Arrowtown boundary line (which is the boundary used in RM220926) 

• Southern boundary of Ayrburn, which is the boundary of the wider development site 

(known as Ayrburn Farm and Waterfall Park). This assessment line is known as the “Wider 

site boundary”. 
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Figure 4: Upper section Velocity Comparison Maps- Pre-Development (LHS), Consented Development (Middle), Variation to Consent (RHS) 
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Figure 5: Lower section Velocity Comparison Maps- Pre-Development (LHS), Consented Development (Middle) , Variation to Consent(RHS) 
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4.4 Secondary Overland Flow Path and Blockage Assessment 

The below sections highlight the secondary overland flow path commentary and blockage assessments 

undertaken for the Site. 

4.4.1 Existing Ayr Avenue Culvert 01 Crossing 

As per the results in section 5.2, the flood levels at the Culvert 01 crossing are similar for the consented 

and this Variation to consent levels. Refer to Table 7. 

There are three culvert openings at the existing Ayr Avenue Culvert 01 Crossing: One 3.0m by 1.5m high 

central culvert and two auxiliary culverts on each side measuring 3.0m by 0.75m high. The soffits of each 

culvert are at the same elevation with the two auxiliary culverts having inverts 0.75m higher than the 

centre culvert. The culvert has entry and exit wingwalls. 

Under normal flow conditions the culvert conveys the 20-year and 50-year ARI flow events with 

sufficient freeboard. During the 100-year event, flood flows overtop the road and flow around the sides 

of the road crossing. Flood water depths at the centreline of the road are above 100mm for 

approximately 2 hours at the Ayr Avenue Culvert 01 Crossing. The flows return to the stream channel 

and continue to flow downstream. The road is shaped with a sag point to the west of the road culvert 

crossing to ensure overland flows are directed downstream, away from developed areas. The road is 

constructed on engineered fill with vegetated banks on either side of the road. If a full blockage were to 

occur at this culvert, flood flows from any predicted ARI event would overtop Ayr Avenue at the sag 

point near the culvert, flow over the road and then flow back into the stream channel and continue 

downstream. 

4.4.2 Waterfall Buggy Bridge 

At the upstream extent of the Site is the Waterfall Buggy Bridge. The deck level of this bridge has been 

lowered compared to previous approved consent. This proposed pedestrian bridge is designed to have 

an approximate 10m span across Mill Creek and a bridge deck beam 2.1m above the stream invert 

elevation. The bridge deck is 0.675m thick and equipped with pedestrian barriers spanning the length of 

the bridge. 

In the unlikely event of the opening being fully blocked, flow will overtop the bridge deck and over the 

pedestrian pathway, returning to the stream channel downstream. The Boutique Hotel and Function 

Venue is proposed to be built sufficiently above the bridge elevation and the pedestrian path and bridge 

will be closed to pedestrians during a major flood event. 

5 Safety and Operations 

The sections below outline the safety and operational considerations for the Site with updated flood 

levels from this variation. 

Considerations are presented in more detail below, but include: 

• Flood protection for underground carparks. 

• Pedestrian access throughout the Site 

• Ayr Avenue access road serviceability for vehicle access 



   

Auckland  |  A20254  Page 11  

 

 

5.1 Basement Carpark Flood Protection 

The carpark entrance elevations are above the 100-year ARI flood levels as per RM220926 to prevent 

flood waters from entering the basement car park. 

5.2 Ayr Avenue Road Extension Pedestrian Access 

During the 100-year ARI storm event, the modelling for both the consented and variation scenarios 

predicts flooding on the Ayr Avenue extension road at two localised locations within Northbrook 

Arrowtown. 

In the event of an emergency during a flood event, pedestrian accessibility within the Ayr Avenue extension 

was assessed based on requirements in the COP as discussed in Section 7.2 of the Consented report (Fluent 

report March 2023). 

Figure 7 below shows the potential pedestrian passability based on maximum depth X maximum velocity 

(not average) (DxV) for the 100-year ARI Mill Creek flow event as a conservative approach for the 

consented and variation to consent scenarios. 

Note the purple circles in Figure 5 below indicate the areas identified as a potential pedestrian crossing 

hazard along the road within the site as consented under RM220926 and as proposed by this variation. 

There is no change as a result of this variation to the consented development under RM220926. 
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5.3 Ayr Avenue Road Vehicle Hazard 

Section 4.3.4.2 of the COP (refer to Figure 7.1 in consented report) specifies flooding in secondary flow 

paths, such as roads, should be limited to 100mm at the centreline for the 100-year ARI event. 

Consented Development 

For the 100-year ARI flow event and greater, areas along Ayr Avenue are inundated with flood water 

greater than 100mm depth for a period estimated between 2-4 hours. Flood water depths at the 

centreline of the road are above 100mm for approximately 2 hours at the Ayr Avenue Culvert 01 

crossing and approximately 3-4hours downstream on Ayr Avenue (constructed under RM171280). 

Proposed Variation 

For the 100-year ARI flow event and greater, areas along Ayr Avenue are inundated with flood water 

greater than 100mm depth for a period estimated between 1-3 hours. Flood water depths at the 

centreline of the road are above 100mm for approximately 2 hours at the Ayr Avenue Culvert 01 

crossing and approximately 1-3hours downstream on Ayr Avenue (constructed under RM171280). This 

is a decrease in time compared to consented application (RM220926). 

5.3.1 Road Serviceability 

Figure 9 shows the road vehicle hazard based on the 100-year ARI peak Mill Creek flood flow event 

(consented under RM220926 and proposed under this variation) for Ayr Avenue. Note that white areas 

indicate that there is minimal to no road flooding. 

During the peak of the 100-year ARI flow event, a small car would be able to drive along Ayr Avenue 

extension over the Culvert 01 crossing and Large 4WD vehicles are still able to access Northbrook 

Arrowtown as per consented under RM220926. 

Refer to the Flood Management Plan lodged under RM220926. As the depth of water has not changed 

and the duration has reduced, there are no changes proposed to this plan. 
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6 Summary 

The flood modelling has been updated to support the proposed variation to resource consent 

RM240252, which is a variation to the original resource consent RM220926, as of July 2024 with 

respect to the Northbrook Arrowtown development. 

In summary, as per RM220926, the minimum freeboards have been met for the proposed Buildings (A 

to F) for this variation to the consent. The freeboards have been detailed in Section 5.3. 

Post-development flood flows modelled in this proposed variation are equal to or lower than pre- 

development flows for the 2-year through the 100-year ARI events at the Northbrook boundary and 

the new proposed downstream Wider Site boundary location (Ayrburn Farm and Waterfall boundary).  

The maximum velocities though the development in the updated model demonstrates that there is no 

significant change to the velocities through the development, thus the proposed mitigation measures 

in the consented development still apply for this variation to consent. These mitigation measures will 

be progressed in detail at the next stage of design. 

Road flooding still occurs on Ayr Avenue Road, as per consented, at two localised areas along the road. 

Flood mitigation measures are incorporated into the design of Culvert 01 and the Ayr Avenue Road 

extension to reduce flood hazards to both pedestrians and vehicles access, as per the consented 

proposal. 

The overall outcomes from the flood modelling demonstrate that this proposed variation (July 2024) to 

the consented development (March 2023), have not changed the flood hazards on site (from the 

consented proposal.) Therefore, the original flood mitigation measures for the consented 

development remain the same.  

7 Limitations 

This report has been prepared solely for the benefit of our client with respect to the particular brief 

and it may not be relied upon in other contexts for any other purpose without the express approval by 

CKL. Neither CKL nor any employee or sub-consultant accepts any responsibility with respect to its use, 

either in full or in part, by any other person or entity. This disclaimer shall apply notwithstanding that 

the memo/report may be made available to other persons including Council for an application for 

consent, approval or to fulfil a legal requirement. 
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Appendix 1 CKL Memorandum- Boundary Flow 

Assessment 
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Figure 1: Original (old) LiDAR Fluent 2022 (LHS)S vs Current (new) LiDAR (RHS) CKL 2024 

The stream outline seems to end just before downstream boundary with pools after the site (i.e. no 

defined stream channel).  

The published result from the initial Fluent model runs (See Figure 2) and the initial CKL runs indicate 

the LHS Ground model (figure 1 LHS image) were used as the external (to the subject site) LiDAR. 

This was identified through critical evaluation of the downstream boundary conditions. 

 

 

Figure 2: Results showing the anomaly in downstream of the boundary (old) LiDAR 

The comparison however between the pre- and post-development for the project, to date, provides 

an appropriate comparison, as the same boundary LiDAR (ground surface) was used for both runs 

(previously). 
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Table 1: Flood Level and Duration Behind Bund for Variation Storm Events 

Scenario DS cross section Bund 

100yrCC 50yrCC 20yrCC 10yrCC 2yrCC 

Elevation 

behind bund 

344.13 343.481 343.439 343.398 343.18 

Duration of 

inundation 

3-5hrs of inundation greater than 0.5m depth within the bund walls. (See graphs 

below) 

   

   

 

Figure 2: Flood level and duration graphs behind bund for 100yr, 50yr, 20yr, 10yr, and 2yr rainfall events 
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Appendix 1 Drawings 
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Appendix 4 Soakage Testing 

   



1

Bronwyn Rhynd

From: Mike Plunket 

Sent: Friday, 25 October 2024 4:51 pm

To: Frances Deamer-Phillips

Cc: George Watts; Shaun Niven; Andrew Hughson; Bronwyn Rhynd

Subject: RE: [#CKL A20254] [150098.11] Soakage testing

Hi Frances, 
 
I have provided an initial summary related to the soakage testing completed at the Ayrburn Studio development below to allow you to continue with your 
design. 
 
The site is typically underlain by interbedded layers of alluvial silt, sand and gravel. Existing test pit data was reviewed and additional test pits completed 
adjacent to soakage testing at SP1 and 2 due to the variable of surrounding test pit observations. The soil profile observed in each test location and 
associated recorded infiltration rate based on the falling head testing completed is provided below. Each hole was pre-soaked for a minimum of 4 hours prior 
to recording test values as per the recommendations of the QLDC LDSCoP. 
 



2

 



3

SP1 – test completed at 1.1 m begl – unfactored infiltration rate of 800 mm/hr/m2 recorded 
0-0.2 – Topsoil 
0.2-0.4 – sandy GRAVEL 
0.4-2.2 – gravelly SAND 
 
SP2 – test completed at 2.9 m begl – unfactored infiltration rate of 30 mm/hr/m2 recorded. Testing was proposed at 2.5 m begl however no more favourable 
infiltration layer was observed within the adjacent completed test pit (extending to 3.8 m bgl) therefore testing was completed within the sandy SILT layer. 
0-0.1 – topsoil 
0.1-0.4 – sandy GRAVEL with minor silt 
0.4-0.7 – sandy SILT 
0.7-1.2 – sandy GRAVEL and gravelly SAND 
1.2-2.7 – SILT with minor to trace sand 
2.7-3.8 – sandy SILT 
 
SP3 – test completed at 1.2 m begl – unfactored infiltration rate of 400 mm/hr/m2 recorded 
0-0.1 topsoil 
0.1-0.6 sandy SILT 
0.6-1.2 sandy GRAVEL with trace cobbles and interbedded sand lenses – previous test pits surrounding SP3 observed the alluvial gravel layer extending to 3 
m and at least 3.6 m. 
 
Let me know if you have any questions in the meantime regarding the above otherwise we will incorporate a more detailed summary of testing and 
investigation data within our reporting. 
 
Thanks, 
 
Mike Plunket I Geotechnical Engineer, CPEng 

GeoSolve Ltd - Engineering Consultants |   |  

25D Gordon Road, Wanaka 9305 
This email is only intended to be read by the named recipient. It may contain information that is confidential, proprietary or the subject of legal privilege. If you are not the intended recipient please notify the sender immediately and delete this email. You may not use any information 
contained in it. Legal privilege is not waived because you have read this email. The advice contained in the email above has been prepared for the sole use of our client with respect to the particular brief and on the terms and conditions agreed with our client. It may not be used or relied on 
(in whole or part) by anyone else, or for any other purpose or in any other contexts, without our prior review and written agreement. 

 

From: Mike Plunket  

Sent: Tuesday, 22 October 2024 4:07 pm 

To: Frances Deamer-Phillips ; Bronwyn Rhynd ; Andrew Hughson  

Cc: George Watts ; Shaun Niven  

Subject: RE: [#CKL A20254] [150098.11] Soakage testing 

 

Hi Frances, 
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Appendix 5 Film Hub SMP Sensitivity Analysis Report 
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1 Introduction 

This report outlines the sensitivity analysis undertaken which responds to the peer review outcomes of the 

following aspects: 

 Raingarden design utilising infiltration rates of 750mm/day in comparison to 300mm/day 

 Contaminant load modelling utilising the existing conditions as lifestyle farming 

 Tertiary Infiltration Ponds efficacy  

2 Raingarden design 

An updated design of the raingardens has been undertaken to utilise an Infiltration rate of the bioretention 

media (K rate) of 0.3m/day, as per peer review comments, in comparison to the design K rate of 

0.75m/day. This updated design will establish the changes to the original design outcomes with respect to 

the reduction in contaminants post development when compared to the pre‐development state. 

The raingarden design is based on the WQF associated with the contributing catchment as such the 

raingarden size in the original design will provide for 40% of the WQF. Conversely if the WQF is used the 

raingarden with K = 0.3m/hr is 2.5 times larger than the design provided.  

To determine the likely contaminant removal efficiency of a raingarden designed with a K value of 0.3 m/hr 

but sized according to the original K = 0.75 m/hr design, the proportion of the Water Quality Flow (WQF) 

treated by the raingarden is compared to estimated removal efficiencies, as shown in the table below. 

Table 1: Relative levels of treatment efficiency for removal of TSS1 

 

It is to be noted that the Contaminant Load Model (CLM) applied standard raingarden designs typically 

achieve TSS contaminant removal rates of 90%. In contrast, the table referenced above indicates a 75% 

removal rate when treating 100% of the WQF. For this comparison we are assessing the removal rate as per 

the above table, as such in reality the smaller raingarden design is likely to achieve higher removal rates. 

The TSS treatment efficiency of raingardens designed to handle 40% of the Water Quality Flow (WQF) is 

estimated at 56%. 

 
1 Auckland Regional Council TP10 2003, Table 3‐1 
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development scenario is expected to be lower than what is presented above. Given the use of fertilizer can 

be limited for this development proposal, it is assumed that post‐development nutrient loading will be 

reduced by 30% compared to above table levels.  

3.2 Total Suspended Solids and Heavy Metal Yields  

Total Suspended Solids (TSS) and heavy metals loading was assessed based on the contaminant yields 

applied within the Auckland Council’s contaminant load model (CLM). TPH below stands for Total 

Petroleum hydrocarbons, not considered here given the low vehicle traffic. Table 4 below demonstrates 

TSS yields for different and uses.  

Table 4: Auckland Council's Land Use Specific Contaminant Yields 

 

Based on the above contaminant yields, the existing lifestyle scenario has the following contaminant yields, 

these have been assumed to be an average of the Rural Farmed Pasture and Retired Pasture: TSS is 
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86.5g/m2/yr, Zinc as 0.0025g/m2/yr and Copper as 0.0006g/m2/yr, given it would be considered lifestyle 

type pasture on flatter land. 

For the proposed scenario, different land uses were used for each surface type. The following were used: 

Zinc, aluminium surfaced steel for roofs, <1k vehicle per day for roads, urban grasslands and trees for 

pervious area, and Commercial paved for footpaths. However, the commercial paved area has significant 

levels for copper which is not expected in foot paths for this site development. The Auckland CLM yield 

levels for paved areas considers carparks and footpaths2. Carparks are expected to have high heavy metals 

due to car brakes, but footpaths should have next to no levels (very low levels). Additionally, heavy metals 

in paved areas in the studies supporting the Auckland CLM were found to come from adjacent building 

facades that had copper cladding or downpipes. The buildings proposed for this development will use low 

contaminant generating facades and downpipes. TSS on footpaths are from adjacent grassed areas. The 

concrete footpaths themselves produce little to no contaminants. Therefore, the paved commercial copper 

yields in the Auckland CLM are assumed to be much higher than what is generated from footpaths within 

this proposed development and the copper yield is assumed to be zero here. 

The filming studios ‘backlot’ parking area is assumed to be the same as road contaminant given the paved 

commercial levels are skewed for areas with copper cladding or signs or large landscape areas adjacent to 

these areas, which this specific area would not have. The roads yield with vpd<1000 seems to be a more 

appropriate estimate.  

   

 
2 Urban Sources of Copper, Lead, and Zinc, Auckland Regional Council, Oct 2009 
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The removal rates are relatively low for Phosphorus and Nitrogen in some stormwater treatment devices 

and given these nutrients are of particular interest in the catchment, a treatment train approach is 

suggested as the best practical option to treat runoff from the site. 

Phosphorus and Nitrogen are removed from stormwater within raingardens as stormwater filters 

into/through the media and clings to the sediments and soil’s structure. The nutrients are then absorbed by 

the roots of the plants within the devices and removed from the stormwater. Treated (Stormwater) water 

then drains from the bottom of the device.  

Heavy metals partially cling to TSS which, when stormwater is slowed down through devices, this settles 

out. It is filtered through media in the raingarden where it fills the void space in the topsoil and media 

overtime. The devices usually need to be dug up and fresh soil media replaced given the build‐up of TSS 

and heavy metals in the soil. This typically happens every 25 years.  

Similar nutrients in wetlands are removed through sedimentation and through plant uptake. Given the 

proposed pod wetlands are not designed as a traditional wetland, many of the removal efficiency rates 

used in this assessment are on the lower end of the range provided in CCC reporting, and lower than the 

NZTA rates provided above. 

Ponds are less efficient at removing nutrients, however, given the water quality event can be infiltration 

through ground, the tertiary infiltration ponds are assumed to have similar removal rates to infiltration 

practices. The removal efficiency rate range for nitrogen in infiltration practices in CCC is higher than NZTA 

rates. Given the infiltration ponds are proposed to be planted as well which will include nutrient uptake, a 

removal rate in middle of CCC value range, but higher than NZTA value was chosen. All other rates use the 

above NZTA value and relate to the CCC values. 
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Appendix 1 Calculation Summary 

 CLM Raingarden reduction 

 CLM Raingarden reduction and no Tertiary Pond 

 Raingarden treatment size assessment 
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Appendix 6 Mill Creek Example Measures, Winton 

Report 



 
 

 

 

7 November 2024  

 

 

 

 

To whom it may concern, 

 

My name is George Watts, I am an employee of Winton Advisory Limited which is the 

parent company of the Applicant for the Ayrburn Fim Hub fast track application. I am a 

Landscape Architect with the role of Senior design manager. I have worked on the Ayrburn 

site since 2017 where I have been responsible for landscape advice, design and 

implementation. I have prepared the Ayrburn Film Hub Design report. 

 

The purpose of this letter is to explain and set out the measures that the applicant has 

taken to improve water quality within the Wai Whakaata catchment and comment on how 

those measures are performing through monitoring. Measures have taken place alongside 

the development of the land into a hospitality precinct (Ayrburn) and a retirement facility 

(Northbrook Waterfall Park). 

 

 

Measures taken to protect and improve stream health.  

 

Catchment remediation is the key element of the Strategy being implemented by the Wai 

Whakaata Strategy Group. It is well documented that sediment load arriving at the lake is 

the main contributor to poor lake health. This is through the introduction of nutrient 

directly into the water column and indirectly when nutrient in the form of sediment is 

deposited on the lake bottom. When the lake stratifies nutrient detaches from the sediment 

to which it is bound making it available to algae tipping the lake towards a eutrophic state. 

 

The applicants land contains 1.2km of the main tributary (Mill Creek) that flows to Wai 

Whakaata (Lake Hayes). Winton have undertaken significant catchment remediation since 

the land was purchased in 2016. They have also taken measures to ensure that 

development of the site has been done in such a way that it positively contributes to the 

health of Wai Whakaata. 

 

 

There are two main ways to reduce sediment loads reaching Wai Whakaata. Firstly, 

defensive measures to stop the sediment mobilising into the creek and secondly trapping 

/ containing sediment that has mobilised and is within the creek. Examples of these 

measures are below. 

 

Defensive Measures 

• Stabilising areas of erosion with vegetation cover 

• Stabilising creek edges with vegetation and armouring (especially in fast flowing 

steep catchment areas) 

 

Trapping / Containment Measures 

• Sediment traps (within the creek) 

• Sediment ponds (before water meets the creek) 

• Wetlands 

• Bioretention swales and raingardens 

 

 

It is worth noting that when the applicant purchased the land it was part of a working farm 

(Ayrburn). The waterways were not fenced from stock, there were large areas of badly 



 
 

eroding banks (some pictured) and there was no riparian planting and margins. There 

were also large areas of wilding species which needed to be removed which can have 

temporary adverse effects between the time of deforestation and revegetation. 

 

Since purchasing the land the applicant has taken steps to improve creek health alongside 

the development of the site into a hospitality precinct and retirement facility.  

 

To date the applicant has:  

 

1. Carried out native riparian planting to the creek margins that runs through the site 

1.2Km (C.15,000 plants) 

2. Planted C.30,000 native plants to stabilise the eroding banks, mainly within the 

Waterfall Park area of the site. (this includes the removal of 15 Ha of wilding pines, 

sycamores and other banned species.) 

3. Created 3 sediment traps within the creek and gained consent to remove the 

sediment and volunteered consent conditions to remove the sediment periodically. 

This was carried out in close consultation with Friends of Lake Hayes, Hokonui 

Rūnanga and ORC. 

4. Excluded stock from waterways 

5. Introduced several bioretention ponds and swales to trap sediment and remove 

vehicle contaminants 

6. Created an engineered wetland to trap sediment and remove vehicle contaminants 

7. Carried out and continues to carry out predator trapping along the riparian margins. 

8. Armoured C.600m of steep and fast flowing creek area, which includes the creation 

of habitat for the native Koaro (Native Galaxid) and separate habitat for trout as 

they are predators of the Koaro. 

9. Created 2 x large ponds which intercept water from a large sediment laden 

catchment allowing it to slow and settle out. The ponds create a Koura (Native 

Freshwater crayfish) habitat, the applicant has obtained a fish farming licence from 

MPI with help and consultation from Hokonui Rūnanga and ORC.  

10. Volunteered consent conditions to limit fertiliser use within the site to non-

compound organic fertilisers. 

11. Remediated and removed large volumes of Arsenic and lead contaminated land. 

 

Although the wilding tree removal, predator, trapping and Habitat creation it is not directly 

related to water quality it has other environmental and conservation benefits. Similarly, 

the applicant has granted esplanade strips / public trail easements along the Mill Creek 

corridor to the waterfall, constructed cycle trails and opened a previously private stretch 

of creek to the public including creating playgrounds and an event space.  

 

Much of work the applicant has completed has been in consultation and collaboration with, 

Friends of Lake Hayes, Hokonui Rūnanga, Otago Regional council, Fish and Game, and 

with design carried out using several expert hydrology, environmental, ecological, 

geotechnical and structural consultants. 

 

Graphic examples of the work undertaken to date can be found in the Attached document: 

Examples and analysis of construction and operational measures to protect 

stream health 

This is not a conclusive list, however it shows a pattern of water sensitive design and 

implementation using best practice design principals. 

 

 

Monitoring Water quality within the site. 

 

The applicant has installed data loggers that sample the creek water and measure turbidity 

on the upstream and downstream boundary of the site to establish if the water quality is 

improving or declining through their site. 



 
 

 

These were installed in 2019. This is before construction began of the first stage of civil 

works, being the construction of Ayr Avenue. These data loggers are managed and 

calibrated by NIWA, they are telemetry and take samples of the water every 5 minutes. 

They give a reading in Nephelometric Turbidity unit (NTU). 

  

There is a consistent relationship between clarity NTU and sediment in the creek which is 

measured in total suspended solids (TSS). This has been established through the analysis 

of laboratory samples and reports. 

 

Below is a table and 2 graphs which summarise 6 years of turbidity data from within the 

applicant’s site. The table and first graph show the % of instances that the turbidity was 

better or worse downstream. The second graph shows a yearly average turbidity at the 

upstream and downstream turbidity monitors. A lower NTU number constitutes a less 

sediment. 

 

 

 Year  Data Points  Percentage of 

times Turbidity 

worse 

downstream  

Percentage of 

times Turbidity 

better 

downstream  

2019  70,313  62%  38%  

2020  105,408  42%  58%  

2021  105,120  31%  69%  

2022  85,276  16%  84%  

2023  101,277  22%  78%  

2024  88,611  23%  77%  

(Table Source CKL Environmental) 

 

Graph showing Percentage of times Turbidity better downstream 

 

 
 

 

Graph showing difference between upstream and downstream turbidity. (yearly average) 

(A higher NTU number represents greater TSS therefore lower water quality) 



 
 

 
(Graph Source CKL environmental) 

 

Note the gap between the lines illustrates the difference in water quality (NTU). In recent 

times this gap is around 30% improvement though the applicant’s site. This is a significant 

improvement when considering its scale compared to the entire catchment. 

 

In summary, the monitoring results show that the measures taken by the applicant have 

improved water quality within the site which has significant benefits for the Wai Whakaata 

catchment. It is important to consider that this monitoring has been undertaken 

throughout an intensive period of development, with large areas of land open at a time. 

Generally, development releases sediment. In this case the applicant’s work has not only 

mitigated the adverse effects of development on water quality, but improved it and the 

site has become an example of best practice in regard to water sensitive design.  
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Appendix 8 Peer Review response 





Page 2 of 2 

• Removal rates for devices could be more up to date 

• CKL response –  

o Sensitivity assessment for changes in baseline to lifestyle 

and reduction in treatment rates undertaken  

o Outcome is there is water quality improvement from 

existing status 

 

   




