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Glossary of acronyms
Acronym/Term

Description

AEE

Assessment of Effects on the Environment

AEP

Annual Exceedance Probability

ARI

Average Recurrence Interval

AT

Auckland Transport

AUP:OP

Auckland Unitary Plan Operative in Part

CC

Climate Change

COVID-19 Act

COVID-19 Recovery (Fast-track Consenting) Act 2020

DEM

Digital Elevation Model

DSI

Detailed Site Investigation

FFL

Finished Flood Level

FTN

Frequent Transit Network

FUZ

Future Urban Zone

GD01

Auckland Council Guidance Document 2017/001

GIS

Geographical Information System

GSR

Great South Road

Ha

Hectares

MPD

Maximum Probable Development

m RL

Metres relative to the Reduced Level (datum)

KiwiRail

KiwiRail Holdings Ltd

NES

National Environmental Standard

NES:FW

National Environmental Standards for Freshwater - Regulations 2020

NESCS:Soil

National Environmental Standard for Assessing and Managing Contaminants
in Soil to Protect Human Health

NIMT

North Island Main Trunk

NoR

Notice of Requirement

NZUP

New Zealand Upgrade Programme

RCL

Rural – Countryside Living Zone

RMA

Resource Management Act 1991

SH1

State Highway 1
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Acronym/Term

Description

SH22

State Highway 22

SMAF 1

Stormwater Management Area: Flow 1

Te Tupu Ngātahi

Supporting Growth Alliance

The Tributary

Hingaia Tributary (also known as Fitzgerald Stream)

Waka Kotahi

Waka Kotahi NZ Transport Agency

WQV

Water Quality Volume

Glossary of defined terms
Acronym/Term

Description

Annual Exceedance
Probability (AEP)

Percent probability of an event with corresponding magnitude occurring an any
given year.

Average Recurrence
Interval (ARI)

Average period of time between rainfall events or flow rates which exceed a
certain magnitude.

Catchment

An area of land draining by force of gravity into a stream or watercourse at a
given location.

Drury Central Station
Project

Comprises:
•

NoR DC-S – Station Platforms

•

NoR DC-I – Interchange Facilities

Flood plain

•

The plan extent of flooding in a given AEP or ARI rainfall event.

Freeboard

•

Design margin to allow for factors omitted or uncertain in the overall design
(e.g. uncertainties in flood level estimation, wave action, localised water level
variations).

Overland flow

•

Stormwater runoff travelling downhill over the surface of the ground along the
path of least resistance towards streams and watercourses or the sea.

Paerata Station Project

Comprises:
•

NoR P-S – Station Platforms

•

NoR P-IA – Interchange Facilities and Station Accessway

Pre-development

Existing site condition prior to the project (including existing buildings and
roadways)

Post-development

Site condition after the project has been completed (including existing and new
buildings and roadways)

The Projects

Drury Central Station Project and Paerata Station Project
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Acronym/Term

Description

The Rail Station Projects

Drury Central Station Project, Paerata Station Project and Drury West Station
Project
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Executive Summary
The expansion of the urban boundary into the Drury Future Urban Zone will require upgraded
transport links to accommodate the projected growth. Part of the transport infrastructure upgrade
program will include two new railway stations, one at Drury Central and another at Paerata. The
Paerata Station Project will include a station, interchange and accessway. This assessment of effects
examines the potential stormwater effects that will arise from the new interchange facilities.
Assessment Undertaken
Conceptually, there are no positive stormwater affects that can arise from constructing new
carparking areas as the introduction of new hardstand will lower the soil infiltration potential and
increased peak flow and volumes that exacerbate downstream erosion and flood risk. Additionally, the
runoff will contain more pollutants that contribute to a decrease in downstream water quality. These
effects are well understood by Auckland Council and as a result, there is an effects identification and
mitigation framework in place via the Auckland Unitary Plan: Operative in Part (AUP:OP) and the
Auckland Design Manual.
As part of the stormwater effects assessment, flooding, water quality, potential for increased stream
bank erosion, piped outfall scour and the potential for peak flow rate increase effects have been
reviewed. Flood effect assessments were carried out using flood models. In the case of Drury Central,
the Hingaia Stream flood model from Auckland Council was used. Whereas at Paerata, a new HECRAS 2D model was built, covering the project area only. Water quality and stream bank erosion
effects were assessed via a desktop study of the design and a site visit at each of the sites. A
stormwater wetland/raingarden feature was determined to be the best way to mitigate water quality
and stream erosion effects. Peak flows will increase as a result of the station and interchange
construction at the two locations. However, mitigation may exacerbate the flooding issues and
therefore may not be required depending on the position of the site in relation to the larger catchment.

Drury Central Station (NoR DC-S, DC-I and/or associated regional consents)
The Drury Central Station Project is located in a rural part of the Hingaia Tributary (also known as
Fitzgerald Stream) with no formal drainage network. The future catchment is expected to develop in
the near future as it is zoned Future Urban Zone. A number of plan changes are being lodged with
Auckland Council to develop the catchment. This stormwater assessment has identified the following
stormwater effects that would arise from the development of the interchange facilities:
•

Flood effects caused by earthworks that displace the Flanagan Road culvert headwater
ponding zone and 10m culvert extension at the downstream end of the railway line to
accommodate the new station platform.

•

Water quality effects generated by the addition of a high contaminant generating interchange
to the site.

•

Increased stream erosion caused by a greater volume and flowrate magnitude of runoff from
the site exerting a greater work / stream power against the existing stream banks.

•

Increased peak discharges from the site due to the increase in impervious surface and
resulting reduction in soil infiltration potential.

•

Potential for scour at new piped outfalls.
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The flood mitigation modelled to address the design flood effects includes a volumetric excavation on
the bank of the Hingaia Tributary up to a volume of approximately 10,000m³. However, an alternative
flood effect mitigation is being negotiated with Auckland Council (Healthy Waters) at a regional scale.
The outcomes of the Council consultation may result in an upgrade to the existing culvert under the
Flanagan Road, Railway Line, new railway platform and Great South Road. If this culvert upgrade
were to take place, the interchange will likely not displace any floodwater upstream of Flanagan Road
and therefore not cause any flood effects. This situation would remove the need for any volumetric
offset excavation.
Stormwater treatment and detention shall be managed by a centralised stormwater wetland or
raingarden area on the banks of Hingaia Stream Tributary. The treatment and detention system shall
comply with the AUP:OP and Auckland Design Manual requirements. Peak flow attenuation is
typically managed on sites that increase the impervious area. However, as this site is located in the
lower half of the Hingaia catchment, no attenuation is required.
The stormwater effects associated with the Drury Central Station Project are standard for this type of
development. These effects can be mitigated using a stormwater wetland or raingarden as well as
flood offset mitigation through a new/additional pipe through the railway embankment. Based on the
mitigations proposed, the net stormwater effects on the environment identified will be less than minor.

Paerata Station (NoR P-S, NoR P-IA and/or associated regional consents)
The Paerata Station Project is located on a greenfield site within a land area that is currently used for
livestock grazing. The terrain is fairly steep at Sim Road and fall s at 1 in 5 or 25% down to where the
interchange is located where the terrain flattens to a 1 in 10 (10%) to 1 in 50 (2%) slope. Two
watercourses are present adjacent to the interchange and fall away from Sim road in an east to west
direction. The watercourse to the north is not affected by the works. However, the watercourse to the
south will require two culverts to be added, the culvert under the railway line upgraded and a new
stormwater wetland built on-line and within the watercourse. This stormwater assessment has
identified the following stormwater effects that would arise from the development of the interchange
facilities:
•

Flood effects caused by the new accessway and two culverts added to the southern
watercourse, addition of earthworks in the watercourse and the upgraded existing Ø600mm
culvert under the rail.

•

Water quality effects generated by the addition of a high contaminant generating interchange
to the site.

•

Increased stream erosion caused by a greater volume and flowrate magnitude of runoff from
the site exerting a greater work / stream power against the existing stream banks.

•

Increased peak discharges from the site due to the increase in impervious surface and
resulting reduction in soil infiltration potential.

•

Potential for scour at new piped outfalls.

A 2-dimentional (2D) flood model was built in HEC-RAS v5.0.7 and simulated the flood levels before
and after the addition of the station, interchange, accessway, culverts and stormwater wetland. The
two culverts under the accessway have been made as large as is constructable, the first culvert is a
Ø375mm pipe and the second is an Ø1800mm pipe. The change in peak water level upstream of the
Ø375mm pipe show a +1.02m increase at the headwall, that reduces to a 0mm increase 70m
upstream. The change in peak water level upstream of the Ø1800mm pipe show a +0.065m increase
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at the headwall, that reduces to a 0mm increase 30m upstream. These increases are a product of the
stormwater wetland attenuation that regulates the flow of water to the railway embankment culvert.
These effects are not detrimental to the upstream land and do not cause any flood effects to the
properties upstream. Future development in this area will need to take these flood levels into
consideration when setting building flood levels.
Water quality, stream erosion and peak flow increase effects arising from the addition of new
interchange, road and station facilities shall be mitigated used a centralised stormwater
wetland/raingarden. This stormwater wetland has been designed to a conceptual level following the
Auckland Council Guidance Document 2017/001. A portion of the accessway on the western side of
the railway line is not able to drain into the stormwater wetland located on the eastern side of the
railway tracks. This stormwater effect from this portion of the accessway shall be treated, detained
and attenuated in roadside swales in accordance with Auckland Council Guidance Document
2017/001.
The stormwater effects associated with the Paerata Station Project are standard for this type of
development. These effects can be mitigated using a stormwater wetland or raingarden for
stormwater generated on the eastern side of the railway line and mitigated in a swale for flows
generated on the accessway section west of the railway line. Flood effects have been managed as
best as practicable with a fine balance achieved between a desired upstream rail freeboard versus
upstream and downstream peak flood level increases. Based on the mitigations proposed, the net
stormwater effects on the environment noted above will be less than minor.
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1 Introduction
1.1 Background
Auckland’s population is growing rapidly; driven by both natural growth (more births than deaths) and
migration from overseas and other parts of New Zealand. The Auckland Plan 2050 anticipates that
this growth will generate demand for an additional 313,000 dwellings and require land for
approximately 263,000 additional employment opportunities. In response to this demand, the
(AUP:OP) identifies 15,000 ha of predominantly rural land for future urbanisation. To enable the urban
development of greenfield land in an integrated manner, appropriate transport infrastructure needs to
be planned and delivered.
Te Tupu Ngātahi is a collaboration between Auckland Transport (AT) and Waka Kotahi New Zealand
Transport Agency (Waka Kotahi) formed to investigate, plan, and deliver route protection for the
transport projects needed to support Auckland’s growth over the next 30 years. As part of this work,
Te Tupu Ngātahi identified the need for three new rail stations at Drury Central, Drury West, and
Paerata (the Rail Station Projects) along the North Island Main Trunk (NIMT) railway line.
The Rail Station Projects form part of the New Zealand Upgrade Programme (NZUP), a Crownfunded infrastructure investment programme announced in early 2020, and updated in June 2021.
Through NZUP, KiwiRail has been allocated $495 million towards the delivery of the Rail Station
Projects by 2025. KiwiRail Holdings Limited (KiwiRail) has been identified as the delivery agency
under NZUP and is therefore the Requiring Authority and applicant for the Rail Station Projects.
Te Tupu Ngātahi has been engaged by KiwiRail to prepare the Assessments of Environmental Effects
(AEE) for the Rail Station Projects. Two separate applications are being made to reflect the probable
sequencing of stations:
•

Notices of Requirement (NoR) and Resource Consents for Drury Central and Paerata
Stations, to be applied for under the Covid-19 Recovery (Fast-Track Consenting) Act 2020
(Covid-19 Act); and

•

Notices of Requirement for Drury West Station, to be applied for under the Resource
Management Act 1991 (RMA).

This assessment addresses the Drury Central and Paerata Stations only. Drury West Station will be
the subject of a separate application, and therefore does not form part of this assessment.

1.2 Purpose and Scope of this Report
This report provides an assessment of stormwater effects associated with the construction, operation
and maintenance of the Projects: This assessment has been prepared to inform the AEE for the NoRs
and associated resource consents sought by KiwiRail for the Drury Central and Paerata Station
Projects (the Projects). See Figure 1-1 for the location of the Projects.
The key matters addressed in this report are as follows:
a) Identifying and describing the flood hazard effects associated with the construction, operation and
maintenance of the Project areas
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b) Identifying and describing the actual and potential operational erosion, peak discharge increase
and water quality effects of the Projects. Note a separate Provisional Erosion and Sediment
Control Plan has been prepared for each Project to cover construction phase erosion and
sediment control effects.
c) Recommending measures as appropriate to avoid, remedy or mitigate actual and potential
operational flood hazard, erosion, peak discharge increase and water quality effects (including
any conditions/management plan required)
d) Presenting an overall conclusion of the level of actual and potential stormwater effects of the
Projects after recommended measures are implemented.
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Figure 1-1: Station locations along the North Island Main Trunk rail line
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1.3 Project Summary
The Projects comprise four NoRs, as described in Table 1-1. Refer to Volume 2, Parts E to F of the
AEE for a more detailed description of the Projects.
Table 1-1: Description of Projects and NoRs
Project

NoR

Description and Location

Purpose

Drury
Central
Station

NoR DC-S

To provide for the Drury Central
Station on the NIMT, south of
Waihoehoe Road and north of the
existing Watercare pump station
on Lot 1 DP 160625.

The purpose of the designation is to develop,
operate, and maintain railways, railway lines,
railway infrastructure, and railway premises as
defined in the Railways Act 2005.

This overlaps a portion of the
existing Watercare designation
9566 (Drury Pump Station) and
the KiwiRail designation 6302
(NIMT).
NoR DC-I

To provide for the interchange
facilities and accessways for
Drury Central Station.

The purpose of the designation is to develop,
operate, and maintain railways, railway lines,
railway infrastructure, and railway premises as
defined in the Railways Act 2005.

These facilities will be located
adjacent to the east of NoR DC-S,
east of the existing rail line,
between Waihoehoe Road and
the Hingaia Tributary.
Paerata
Station

NoR P-S

To provide for the Paerata Station
on the NIMT.
This overlaps a portion of the
existing KiwiRail designation 6302
(NIMT).

NoR P-IA

To provide for the interchange
facilities and accessways for
Paerata Station.

The purpose of the designation is to develop,
operate, and maintain railways, railway lines,
railway infrastructure, and railway premises as
defined in the Railways Act 2005.

The purpose of the designation is to develop,
operate, and maintain railways, railway lines,
railway infrastructure, and railway premises as
defined in the Railways Act 2005.

These facilities will be located
adjacent to NoR P-S, south-east
of the existing rail line.
This overlaps a portion of the
existing Waka Kotahi designations
6704 and 6705 (SH22) and the
KiwiRail designation 6302 (NIMT).
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1.4 Resource Consents Required
Resource consent is required for a discretionary activity overall under the AUP:OP, the Resource
Management (National Environmental Standard for Assessing and Managing Contaminants in Soil to
Protect Human Health) Regulations 2013 (NESCS: Soil) and the Resource Management (National
Environmental Standards for Freshwater) Regulations 2020 (NES:FW) (refer to the AEE for a full list
of activities triggering the need for consent).
Reasons for consent, relevant to this report, include:
Auckland Unitary Plan: Operative in Part (AUP:OP)
•

Rule E3.4.1(A33) new culverts of >30m in length

•

Rule E3.4.1(A44) erosion control structures to be installed in streams around outfalls

•

Rule E3.4.1(A39) new discharge outfalls will require work within the existing watercourses

•

Rule E3.4.1(A44) reclamation of the Hingaia Tributary located along Flanagan Road

•

Rule E8.4.1 (A5) diversion of stormwater

•

Rule E8.4.1(A10) diversion of stormwater

•

Rule E9.4.1 (A6) contaminant generating activity

•

E10.4.1(A3) impervious areas within the Stormwater Management Area Control 1 or 2

•

Rule E36.4.1(A24) natural hazards and flooding

1.5 Structure of this Report
The report is structured as follows:
•

Section 1 – Introduction

•

Section 2 – Overview of the methodology used to undertake the assessment and
identification of the assessment criteria and any relevant standards or guidelines

•

Sections 3 and 4– Assessment of effects for each Project (i.e. the Drury Central Station and
Paerata Station respectively) – including:
o Description of the Projects as they relate to stormwater management
o Identification and description of the existing and likely future environment with respect
to stormwater runoff
o Description of the potential positive effects of each Project
o Description of the potential adverse stormwater effects of construction of each Project
o Description of the potential adverse stormwater effects of operation of each Project
o Recommended measures to avoid, remedy or mitigate potential adverse stormwater
effects (including any conditions/management plan required)

•

Overall conclusion of the level of potential adverse stormwater effects of the Projects after
recommended measures are implemented.

This report should be read alongside the main AEE, which contains further details on the history and
context of the Projects. The main AEE also contains a detailed description of works to be authorised
within each Project, likely staging and the typical construction methodologies that will be used to
implement this work. These have been reviewed by the author of this report and have been
considered as part of this assessment of stormwater effects. As such, they are not repeated here,
unless a description of an activity is necessary to understand the potential effects, then it has been
included in this report for clarity.
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1.6 Preparation for this Report
In preparation of this report several resources were used to support the assessment. These included
site visits, technical specialist inputs and catchment flood models. In conjunction with a desktop study,
a site visit on the 24th of November 2020 was undertaken with the project team and Auckland Council
(AC) specialists to obtain an overview of the surrounding environment.
The Drury-Ōpāheke Structure Plan (2019), Pukekohe-Paerata Structure Plan (2019) and AUP:OP
were used to identify the existing and likely future environment.
Information from the project team and catchment models for the Hingaia Stream were used to assess
the relative changes to flooding depths and extents between the existing (pre-development) and
future (post-development) terrain at the Drury Central Station only. Further site visits have been
undertaken following modelling to help identify possible causes and effects, and in some cases,
mitigation measures.
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2 Assessment Methodology
The assessment of stormwater effects for the Drury Central and Paerata Station Projects generate
similar stormwater effects. The method of assessing these effects has been approached in the same
way for both project areas. In general, the assessments have involved the following steps.

2.1 Flood Hazard Assessment
•

Desktop assessment to identify potential flooding locations, namely:
o Using the AC and Te Tupu Ngātahi GIS to identify where existing buildings appear to
be near/within the existing flood plains
o Using the Council and Te Tupu Ngātahi GIS to identify where the Projects involve
work near stream crossings/major overland flow paths.

•

Site visits with project team and Council.

•

Flood modelling of the pre-project development and post-project development terrain.

•

Flood modelling of the existing terrain and proposed Project terrain – both using Maximum
Probable Development (MPD) with 10 and 100-year Annual Recurrence Interval (ARI) plus
Climate Change (CC) adjusted rainfall.

•

The flood modelling scenario reflects the southern layout for Drury Central, which is the worst
case/most constrained scenario from a flooding perspective.

•

Using model to identify changes in 10 and 100-year MPD flood levels to create flood
difference maps.

•

Inspection of the maps to identify flooding effects. at key cross drainage locations such as
bridges and where there are noticeable changes in flood extents or flood levels, consideration
was given to flood hazard issues.

•

Review of all external drainage flow paths entering the site and assessing the effects of the
development on the upstream flood levels. Mitigation optioneering was required where effects
were found to be unsatisfactory.

•

Subsequent site visits to those sites that were identified as having potential flooding effects
from the Projects. This included viewing the extent of estimated flooding and potential effects
on buildings and considering property access effects and potential increases to flow
velocity/depth.

2.2 Peak Flow Assessment
•

Calculation of any increases in stormwater peak discharge from the sites as a result of an
increased hardstand area, loss of floodplain storage or reduction in catchment time of
concentration.

•

Calculation of the required volume for flow attenuation for the 2-year, 10-year and 100-year
rainfall events and 3D modelling of the volume required to make sure this fit within the
footprint area of the designation.

2.3 Water Quality Assessment
•

Site visit to investigate the current state of water quality in the receiving environment (visual
inspection only).
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•

Desktop assessment to identify available and appropriate treatment devices as described in
Auckland Council Guidance Document 2017/001, Stormwater Management Devices in the
Auckland Region (GD01).

•

Calculating the required treatment area footprint to achieve the GD01 outcomes on water
quality.

2.4 Stream Erosion Assessment
•

Desktop review of areas that show evidence or erosion on-site and areas where erosion can
be expected as a result of the design.

•

Desktop assessment of the most appropriate scour countermeasure designs for each area
where concentrated stormwater flows may generate an effect.

•

Review of the design to ascertain if stormwater detention is effective in reducing the frequent
storm event flows that contribute to stream erosion.
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3 Drury Central Station
3.1 Project Overview
The Drury Central Station Project comprises the following NoRs:
•

NoR DC-S - Train station platforms and platform buildings

•

NoR DC-I - Interchange facilities

The indicative footprint and the drawings (Appendix 1 of the AEE) (Figure 3-1) have been prepared
for assessment purposes and are indicative only. The design will be refined and confirmed at the
detailed design stage.

Figure 3-1: Drury Central Station platform and facilities

3.2 Existing Environment
The existing site, shown in
Figure 3-2: is presently developed with a mixed use of light commercial and residential buildings.
There is no formal stormwater drainage within the subject site and based on the site contours, all
stormwater is presumed to flow overland as sheet flow and contribute to the Hingaia Tributary (The
Tributary) before passing under the North Island Main Trunk (NIMT) railway line Ø2100mm culvert.
The culvert under the NIMT railway line then opens into a deep gully between the railway line and
Great South Road. The flow then passes under Great South Road via a Ø2100mm barrel culvert.
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The subject site catchment is approximately 40% impervious with four large sheds contributing to the
largest impervious area portion.

LEGEND
Site Boundary
Flow Paths

Ø2100mm culvert
location under NIMT

Figure 3-2: Existing site (Aerial map 2010-2012) (note site boundary differs from final designation
boundary)
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The Tributary is a 264ha catchment that has a 4.5km long flowpath as shown on Figure 3-3. The
subject site sits at the end of this sub-catchment just before it passes under Flanagan Road, the NIMT
railway line, Great South Road and private properties before it connects with the main Hingaia
Stream.

Hingaia Tributary

Hingaia Stream

LEGEND
Catchment
Flow Paths

Figure 3-3 – Hingaia Tributary – DEM (Digital Elevation Model) map

The Tributary is a 2-3m deep incised channel that cuts through the Drury farmland and is constrained
at the Ø2100mm Flanagan Road culvert that also passes under the NIMT railway embankment. The
Tributary has been modelled by AC to assess the effects of upstream development and is predicted to
overtop Flanagan Road by up to 1.7m during the 1% AEP flood. The existing railway line is predicted
to have greater than 0.725m freeboard to the top of rail, achieving KiwiRail flood immunity standards.
A meeting was held with Auckland Council Healthy Waters on 24/02/2021 where these two culverts
were noted as being undersized and in need of upgrade. The future development within this
catchment depends on how these two culverts are dealt with. Auckland Council have undertaken
flood modelling and arrived at a target culvert capacity that is much larger than the current
arrangement and will require significant investment to achieve.
Images in Figure 3-4 show the Tributary contains a historically low amount of riparian vegetation. The
vegetation in the stream improves stream health and bank stability. The Tributary is presently heavily
vegetated and shows no visible erosion scars in the immediate vicinity to Flanagan Road.
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3.3 Site Investigations
Flanagan Road 2008 (Google maps)

Flanagan Road 2012 (Google maps)

Flanagan Road 2015 (Google maps)

Flanagan Road 2019 (Google maps)

Figure 3-4: Historic Hingaia Tributary photos

The downstream Hingaia Stream environment through the existing Drury township is straight, narrow,
heavily vegetated on the margins, estuarine and high in energy. Flows in this type of stream prevent
sediment from settling out of suspension and maintain water pollutants in the water column. Any
release of sediment, heavy metals or non-dissolved nutrients from the site will be detrimental to the
water quality health of the Hingaia Stream and Manukau Harbour.
Figure 3-5 shows the typical stream profile in the Hingaia Stream, downstream of the subject site.
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Great South Road 2017 (Google maps)

Great South Road 2020 (Google maps)

Figure 3-5: Historic Hingaia Stream photos

3.4 Likely Future Environment
The AUP:OP zones this area as Future Urban Zone (Figure 3-6) and the Drury – Opāheke Structure
Plan identifies this site as “Centres”. This indicates that the site is planned for intensified urban
development and the stormwater environment is expected to change significantly. This land use
alteration will need to address the runoff increase, water pollution and flooding issues as part of
development. Refer back to the AEE for a detailed description of the existing and likely future
environment for the Project.
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LEGEND
Site Boundary
Figure 3-6: AUP:OP Zoning (note ‘site boundary’ differs from final designation boundary)

The Hingaia Tributary catchment is approximately 5% impervious at present and will become up to
80% impervious upon full development. As mentioned by Mark Iszard at a meeting held on
21/04/2021, Auckland Council will require flood attenuation on all new developments in the catchment
which will slow the overall release of flood flows from the catchment before these flow into the main
Hingaia Stream. This approach is viewed as sub-optimal by the Hingaia Stream catchment managers
at Auckland Council who see an overall benefit to the catchment if this tributary were to release as
effectively as possible to avoid a peak flow coincidence with the main branch Hingaia Stream. Figure
3-7 shows the present-day land cover aerial within the Hingaia Tributary Stream catchment. See
Section 3.8.2 for a description of the peak flow timeframes for Drury Central and Hingaia catchments.
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Site

Area: 2,642,852m2
LEGEND
Site Boundary
Flow Paths

Figure 3-7: Hingaia Tributary catchment (Aerial map 2010-2012)

3.5 Project Features
Indicative key features of the Drury Central Station Project include the following:
•

Four platforms to service nine car trains

•

Station buildings

•

Bridge access to the platforms and station buildings

•

Bus interchange and layovers

•

Park and ride facilities / kiss-and-ride for approximately 500 cars

•

Bicycle storage for approximately 500 bicycles

•

Internal road / path access from Waihoehoe Road.

•

A stormwater wetland or raingarden for stormwater management

•

Internal catchpits, pipes, scruffy domes and conveyance swales.

3.6 Project Implementation
The Drury Central Station Project will be implemented in at least two stages to align with current and
future land use scenarios, changes in usage demands over time and the availability of transport
funding. The first stage of construction is funded under NZUP and is intended to be completed by
2024. The Project seeks to provide for the long-term development of the station and its precinct. The
exact timing of future stages for these stations is uncertain beyond Stage One as this will be driven
largely by the rate of growth and urbanisation of the surrounding area. However, it is expected that
station components will evolve over time to meet changing demand levels.
In light of the above, an effects envelope-based approach to designating the land and consenting the
activities is proposed, allowing for the construction and operation of the fully developed facilities.
Table 3-1 below shows the lower and upper bound scenarios for station components provided for
within that envelope.
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Table 3-1: Potential extent of project attributes
Spatial Attribute

Lower Bound

Upper Bound

Rail tracks (four tracking not
provided for in this referral)

Two

Four

Platform length

150m (to accommodate a 6-car
train)

225m (to accommodate a 9-car
train)

Platforms

Two

Four

Bus Interchange

One double bus stop within footprint

Nine bus stops within footprint

Park and ride spaces

< 500

Bicycle storage

Approx. 200

Drury Central Station

Approx. 500

3.7 Proposed Stormwater Design
The stormwater design consists of a new pipe network system which is designed to capture and
convey stormwater runoff from the new interchange facility and internal roads to the treatment and
attenuation wetland/raingarden. This stormwater network includes an allowance for a future
connection to be made with the stormwater upgrades as part of the Jesmond to Waihoehoe Road
West FTN Upgrade, which forms part of Waka Kotahi and Auckland Transport's Drury Arterial
Network NoR and is not part of this Project.
All runoff from this new stormwater network will discharge to a new, centralised stormwater treatment
device (stormwater wetland or raingarden) located on the south-western corner of the site. This
device has an outlet structure that discharges to the Hingaia Tributary Stream which flows in the eastwesterly direction, under the rail track via the existing culvert.
The flood modelling assessment reflects the southern carpark layout for Drury Central, which is the
worst case/most constrained scenario from a flooding perspective. This approach aims to establish
worst-case flood effects that can be mitigated.
Bulk earthworks are required for the formation of the proposed centralised treatment device, such as
excavating/filling, trucking, compacting and scraping. Trenching is also required for the installation of
the proposed stormwater pipe network.
Refer back to the main AEE for a more detailed description of works to be authorised within each
Project.

3.8 Assessment of Stormwater Effects
3.8.1 Assessment and Mitigation of Construction Effects
The proposed approach to construction phase erosion and sediment control on the site is described in
the Drury Central Station - Provisional Erosion and Sediment Control Plan.
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3.8.2 Assessment of Operational Effects
Operational stormwater effects at the Drury Central Station Project station and interchange are
generated by earthworks (filling) in the 1% AEP floodplain, addition of impervious surface and
increases in contaminant generating activities on the site. The stormwater effects have been divided
into the following categories: flood hazard, peak flow change, water quality, stream erosion and scour
assessments. The following sections will describe these effects in more detail.

3.8.2.1 Flood Hazard Assessment
The new station and interchange will displace flood storage upstream of Flanagan Road in order to lift
the existing ground out of the floodplain and achieve flood immunity for the development to the
1% AEP flood level. This is required by the AUP:OP Section E36 table E36.4.1 Activity (24) which
states:
“Surface parking and above ground parking areas in the 1 per cent annual exceedance
probability (AEP) floodplain, that comply with Standard E36.6.1.7”
Section E36.6.1.7 states:
“Surface parking areas and vehicle entry and exit points to above ground parking areas
in the 1 per cent annual exceedance probability (AEP) floodplain must be located
where the depth of flood waters in a 1 per cent annual exceedance probability (AEP)
event does not exceed 200mm above ground level.”
The effects of this displacement will locally increase flood level and potentially generate flood effects
on adjacent properties. One property (64 Flanagan Road) has been identified as within the flood
increase zone and therefore adversely affected by the station and interchange construction. This
effect does not meet the AUP:OP requirements and will require mitigation.
The relevant AUP:OP requirement is stated in E8.6.1 clause 3b:
“…All permitted activities, controlled activities and restricted discretionary activities
listed in Table E8.4.1 Activity table must meet the following standards...
(3) The diversion and discharge must not result in or increase the following:
(a) Flooding of other properties in rainfall events up to the 10 per cent annual
exceedance probability (AEP); or
(b) inundation of buildings on other properties in events up to the 1 per cent annual
exceedance probability (AEP).”
The flood effects have been modelled using the 2014 DHI models provided by Auckland Council
represented by changing the 2D ground terrain model. The ground model was changed in accordance
with the Drury Central Feb 2021 digital elevation model (DEM) supplied by the rail design team. The
proposed carpark area (without stormwater wetland) is shown Figure 3-8 in orange.
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Figure 3-8 Location of Proposed Drury Central Southern Carpark

The Hingaia Tributary sub-catchment is shown in Figure 3-9 below. The catchment covers some
253.2 hectares (Ha) in total area with 169.3 Ha being in the FUZ area and the remaining upstream
area (70.0 Ha) being classed as Rural Countryside Living Zone.
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Figure 3-9 Hingaia Tributary sub-catchment

The Hingaia Tributary sub-catchment is a small portion of the larger Hingaia Stream catchment as
shown in Figure 3-10 below. The Hingaia Stream catchment covers some 5,543.3 Ha in total area.
A flood study was undertaken to determine the most appropriate flood mitigation options to achieve
flood neutrality upstream of the NIMT and Great South Road culverts due to the proposed carpark
and upstream development. If flood neutrality could be achieved without upstream development
(which is an impact outside of this project’s control) then no contribution to further upgrade works are
required. Flood neutrality is achieved when the base case (existing impervious coverage) predicted
water levels in the 100yr future rainfall plus climate change event are matched or reduced for the
different design scenarios. The flood modelling scenario referenced here reflects the southern carpark
layout for Drury Central, which is the worst case/most constrained scenario from a flooding
perspective. This approach aims to establish worst-case flood effects that can be mitigated.
The Hingaia Tributary sub-catchment is a smaller catchment with a time to peak flow of around 1hour
whereas the main Hingaia Stream catchment has a time to peak flow of around 3.5hours. Peak
rainfall using the AC TP108 rainfall pattern occurs in the middle of the 24hr storm (i.e. 12hrs after
rainfall starts). Auckland Council Healthy Waters have suggested that attenuation of upstream
development flows in the Hingaia Tributary sub-catchment is not the best long-term option as this
would increase the downstream flood risk in Drury township as the peak flow in this subcatchment
would be delayed and may increase the impact along with the main Hingaia Stream catchment flow.
Auckland Council Healthy Waters prefer the pass forward approach where pipe upsizing under the
NIMT and Great South Road would be required.
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The future tidal boundary plus 1m sea level rise was allowed for all model runs along with future
rainfall inflows from the adjoining catchments that discharge to the Hingaia Stream estuary. Note the
Hingaia Stream estuary has an outflow constraint which causes all catchments that discharge into it to
experience backwater effects into all catchments.

Figure 3-10 Hingaia Stream Catchment – Including Hingaia Tributary Catchment

The recommended mitigation approach is outlined below in section 3.8.3.
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3.8.2.2 Peak Flow Assessment
The loss of soil storage due to the increase in impervious surface preventing rainfall from infiltrating
into the soil will increase the peak flowrate off the land and the overall volume of runoff from the site.
However, this increase may not result in an overall adverse effect. Given the site will contribute flow
into the lower half of the overall catchment (both Hingaia Tributary and the larger Hingaia Stream), the
increase in peak flow from the site will be inconsequential on flooding compared to the large
catchment flooding. Any attempt to slow the peak discharge from this site will increase the length of
time that the peak flow will discharge.
This is a standard approach as described in Auckland Council’s GD01 in section B1.7.1.3, where:

“Detention of 10% AEP and 1% AEP rainfall events is not required for developments that are
located within the lower half of the catchment or for which a validated flood modelling study
has shown that the development does not increase downstream flooding.”

The flow release coincidence of the larger catchment peak, combining with the slowed/attenuated
runoff peak from the Drury Central Station site, will increase with attenuation. This coincidence of an
attenuated release from the site and the larger catchment would have an overall greater adverse
effect on flooding than if no attenuation system present. Based on this understanding, the increase in
peak discharge from the site will not have an adverse operational effect that requires mitigation
through attenuation.

3.8.2.3 Water Quality Assessment
Water quality effects are expected as the station and interchange are high contaminate generating
impervious surfaces. The vehicles that use it will deposit hydrocarbons, heavy metals, and sediment
(dust) on the road surface. Operational stormwater effects arise from rainfall interacting with the new
impervious surface and any contaminates that may be mobilised with the runoff that accumulates.
The polluted runoff interacts with the receiving environment and causes degraded stream health
through increased turbidity, reduced dissolved oxygen, increased heavy metals, hydrocarbons, and
gross pollutants. These effects are typical for pollutants generated by Park and Ride type activities.
The larger amount of public access will generate an increase in gross pollutants such as discarded
food packaging, soft drink cans/bottles and a variety of paper, plastic, and glass rubbish. Rainfall will
wash these pollutants into the catchpits and into the stormwater pipe network. The recommended
mitigation approach is outlined below in section 3.8.3.

3.8.2.4 Stream Erosion Assessment
The increased volume of runoff and the concentration of increased flow may generate erosion to the
receiving stream which can contribute to stream bank instability and the mobilisation of sediment. The
effects of erosion can be minor through to extreme depending on the erosivity of the surrounding soils
and the potential damage to the natural and built environment as a result of unstable terrain slopes.
Hydrologic mitigation would typically be required to offset the volumetric effects and peak flow effects
of the station, interchange and platform impervious surface.
Stream bank erosion will increase in proportion to the increase in peak flowrate from frequent events.
The erosion will begin when the flowrate in the stream is larger than the natural equilibrium critical
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shear stress threshold. Both the number of exceedances per year and duration of exceedance will
directly affect the rate of stream degradation and erosion severity. Auckland Council require that this
effect be mitigated by detaining the 90th percentile storm and releasing the volume over 24 hours. The
recommended mitigation approach is outlined below in section 3.8.3.

3.8.2.5 Scour Assessment
Concentrated discharge erosion will occur at any location where a conveyance system is not
adequately engineered at the watercourse outfall. All locations where the concentrated discharge of
flow presents a risk of erosion require and erosion countermeasures. The recommended mitigation
approach is outlined below in 3.8.3.

3.8.3 Recommended Measures to Avoid, Remedy or Mitigate Operational
Effects
Operational stormwater management is required under the AUP:OP to address flooding, water
quality, peak discharge and erosion. Water quality effects will be managed as required by AUP:OP E9
and in general accordance with GD01. GD01 sets out the selection and design of stormwater
management devices in the Auckland region. Based on the effects identified above, a centralised
stormwater wetland or raingarden would be best suited to address water quality and stream erosion
effects.

3.8.3.1 Flood Hazard Mitigation
The following model scenarios were used to calculate the degree of flooding at the site and possible
mitigation solutions available to offset the effects:
•

Base case
This allows for the existing impervious coverage for the Hingaia Tributary sub-catchment
along with the remaining Hingaia Stream catchment being at the maximum probable
allowable impervious coverage for the different zones taken from the AUP:OP planning maps.
As requested by Auckland Council Healthy Waters, no flow mitigation was allowed for the
Hingaia Stream although development controls should be applied which would reduce peak
flows and timing

•

Base case + rural countryside living increased with carpark options plus recontouring
This model uses the base case and updates it by assessing the maximum permissible
impervious coverage under the AUP:OP for the Rural – Countryside Living Zone (RCL) area
upstream of the FUZ area. This assessment provided a maximum permissible impervious
coverage of approx. 27% for this RCL zone compared to the 25% in Auckland Council
Healthy Waters memo.
The terrain for a carpark variation was added to the model (allowing for rain gardens as the
stormwater treatment option) along with recontouring to provide flood storage compensation
for the loss of flood storage due to either carpark option. The existing NIMT culvert was
extended to 60 long to allow for future four tracking by increasing the pipe roughness to allow
for increased head loss due to the longer pipe.
The aim of the recontouring is to reduce the predicted 100yr future rainfall with climate
change water level to the same as the base case without the carpark options and the
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extended NIMT culvert. The aim of these models was to show that if no development, apart
from the carpark and RCL area, occurred in the Hingaia Tributary sub-catchment then
recontouring could achieve flood neutrality with the carpark along.
•

Future fully developed case with southern carpark plus pipes
This model used the base case model with the FUZ area developed to the maximum probable
impervious coverage including the proposed Plan Change for Kiwi Property and Fulton
Hogan. The southern carpark terrain (along with stormwater wetland) was used as it makes
the greatest difference to the displaced flood storage.
Two pipe sections were added being one 2.1m diameter circular pipe under the NIMT and the
second being either a 2.3m diameter (110m long) or 2.1m diameter (86m long) culvert under
Great South Rd and discharging to Hingaia Stream.

The flood models used were provided by Auckland Council for the future imperviousness for the
complete Hingaia catchment without any mitigation for Stevenson’s development area. This future
model had been updated by Woods Partners to allow for the Plan Change in the Hingaia Tributary
sub-catchment (Kiwi Property and Fulton Hogan land) and the removal of weirs and MIKE 11
structures representing the three road crossings upstream of the NIMT culvert. The MIKE 11 either
side of the road crossings was connected to represent upgraded road crossings which reduces the
attenuation effects and time of flow to the NIMT culvert.

Base Case Model
The existing impervious coverage for Hingaia Tributary was determined through building footprints
and impervious surfaces layers available from Auckland Council and LINZ. The following was used:
•

Building footprints layer from Auckland Council;

•

Impervious Surfaces 2008 layer from Auckland Council;

•

Building Outlines from the LINZ database as of May 2021.

This existing imperviousness was inserted into the Auckland Council future model to develop the
existing development model which included the representation of the three road crossings as
M11structures and weirs. The rural countryside living zone was determined through the Auckland
Unitary Plan available in Auckland Council Geomaps.
The existing culvert under the NIMT is 52m long which would increase to 60m long for future four
tracking of the NIMT. For all option scenarios the existing NIMT culvert length increase was
represented as an increase in the pipe roughness to reflect the increased head loss under pipe full
conditions. This was done to reduce changes to the existing MIKE 11 stream model. For an increase
from 52m to 60m, the Manning’s n value increased by 0.0014 from 0.014 to 0.0154.
The existing culvert was constructed using formwork and in-situ concrete therefore a roughness of
0.014 is appropriate which is also reflected in the CCTV inspection of the pipe.

Mitigation Model 1: Carpark added with rain garden treatment and recontouring
The aim of this models is to show that flood neutrality can be achieved for the flood storage reduction
due to the carpark by adding flood storage adjacent to the carpark. This option does not work if the
stormwater wetland treatment is used as there is insufficient remaining area available within the 44
Flanagan Rd property.
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This model considers the existing development for Hingaia Tributary sub-catchment for all areas
except the RCL zones. RCL zones were assessed to have 27% impervious coverage under the
current AUP:OP rules.
The carpark and mitigation earthworks have been represented by changing the 2D ground terrain
model. The ground model was changed in accordance with the 3D carpark layout developed by
project geometric engineers and as shown on layout plans included in this application.
Flanagan Rd was extended from the carpark at a level of 9.5m to the existing Flanagan Rd level to
the south which then created an effective stop bank by the NIMT culvert inlet. Sculpting of the land
within 44 Flanagan Road (shown in red in Figure 3-11) allows for recontouring the ground between
the carpark and the existing Hingaia Tributary. In the model this involved alterations to the 2D ground
model and the 1D cross sections. The Southern carpark representation has been used on the basis
that rain gardens are used within the carpark for treatment and hydrologic mitigation, with stream
bank recontouring of approx. 6,900m3.

Figure 3-11 Sculpting area and sample cross section (green line)

Ground levels of the sculpting area were set to be above the predicted 2yr future stream water level
and provided approximately 6,900m3 of added flood storage. The interfacing batter of the sculpting
allowed for a 1 to 3 incline (vertical to horizontal). Sample cross sections showing the ground level
change for this option are shown in Figure 3-12 below. Note the edge of the proposed earthworks are
within the riparian margin of the existing stream.

Te Tupu Ngātahi Supporting Growth

May 2021 | 2 | 27

Assessment of Stormwater Effects

Figure 3-12 Example sculpting cross section

Initially the volume of recontouring storage was assessed using GIS and then later checked using MX
to assess how the southern carpark storage could be achieved. The potential plan of the storage is
shown in Figure 3-13 below.

Figure 3-13 Potential recontouring of area south of the carpark to derive 6,900m³ of mitigation volume
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Mitigation Models 2 and 3: Carpark with part raingarden and part stormwater wetland
treatment/hydrologic mitigation using culvert upgrades as flood mitigation
These models were set up with the following components:
•

Southern carpark and stormwater wetland terrain as provided by the SGA Rail team which is
attached to the carpark terrain;

•

Proposed 2.1m diameter culvert under the NIMT 60m long with invert levels of 4.5m inlet and
4.2m outlet. The culvert would be parallel with the existing culvert but be slightly higher so
that the majority of yearly flow (<2yr ARI) would continue through the existing culvert to
maintain ecological flows;

•

Manning’s n set at 0.013 based on spun concrete pipe;

•

Maximum probable development for the Hingaia Tributary sub-catchment, including Plan
changes and rural countryside living set at 27%;

•

Upstream culverts and weirs representing the three road crossings were removed from the
M11 model thus reducing attenuation and time of flow to the NIMT culvert as per the Woods
model approach accepted by Auckland Council;

•

Great South Rd culvert set at 3.5m inlet and 1.4m outlet with two options. One option at
110m long would be 2.3m in diameter and the other more direct alignment at 86m long at
2.1m diameter.

For this design scenario, a stormwater wetland has been included and volumetric offset mitigation is
not available due to space constraints. The option to mitigate flood effects in this situation is limited to
increasing the capacity of the downstream pipe culverts under Flanagan Road, the railway line and
Great South Road. The left most figure in Figure 3-14 shows the alignment of the proposed 2.1m
diameter additional NIMT culvert (light blue) running parallel with the existing culvert (darker blue).
The existing culvert is an arch shape with dimensions of 2.4m wide and 2.2m high. This arch culvert
is understood to have been constructed using cast in situ concrete and thus has a higher Manning’s n
value which has been further increased to allow for culvert extension.
The alignment of the proposed additional 2.3m diameter Great South Road culvert (110m long),
shown on right in Figure 3-14, starts and ends at the same locations as the existing culvert and
discharging to the same invert level as the 2.1m culvert. This culvert has been modelled as a 1D
structure 110m long with a roughness of 0.013 and no losses at the change in direction as this is
proposed to be a lobster tail bend with a 1050mm riser connected at the factory bend. The existing
culvert is the same dimensions as the NIMT culvert although there is a 2.1m diameter long 1m culvert
at the outlet of this culvert which is very steep (inlet 2.15m to 1.34m RL).
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Figure 3-14: Pipe option 1 - Additional NIMT culvert alignment (left) and 2.3m Great South Rd culvert
alignment (right)

Figure 3-15 shows the alignment of the proposed 2.1m diameter GSR culvert (86m long) option. This
culvert has been modelled as a 1D structure 86m long with a roughness of 0.013 and no losses at the
change in direction as this is proposed to be a lobster tail bend with a 1050mm riser connected at the
factory bend.

Figure 3-15: Pipe option 2 – Alternative alignment of 2.1m additional Great South Rd culvert

Te Tupu Ngātahi Supporting Growth

May 2021 | 2 | 30

Assessment of Stormwater Effects

Peak water level upstream and downstream of the NIMT and GSR culverts have been extracted for
all scenarios. The results indicate the presence of two peaks – one approximately 13:00 – 13:30hrs
and a second peak at 15:50 – 16:00hrs. The initial peak is caused by flow from the Hingaia Tributary
sub-catchment, while the second peak occurs due to the flow from the main Hingaia Stream.
The Hingaia Tributary sub-catchment water levels have been assessed based on the time of peak at
the NIMT culvert inlet (most upstream location) then using that peak to understand the predicted
water levels at the NIMT and GSR culvert outlets as the time of flow through the two pipes is very
small.
For the purpose of this investigation, the primary concern is with regards to the initial peak which
relates to the Hingaia Tributary sub-catchment. The effects of the water level peak from the Hingaia
Tributary sub-catchment can be seen in Table 3-2 and the effects of both the Hingaia Tributary subcatchment and the main Hingaia Stream can be seen in the predicted water levels figures below.
Table 3-2 Simulation peak water level results from Hingaia Tributary sub-catchment
Peak Water Level (m)
NIMT Railway
culvert inlet

NIMT Railway culvert
outlet

NIMT
Railway
GSR outlet

8.76

7.53

6.33

8.80 (8.76) 1

7.50 (7.51) 2

6.29 (6.19)2

Mitigation Model 2: Future development +
southern carpark + stormwater wetland /
part raingarden treatment + pipe option 1

8.60

7.53

5.77

Mitigation Model 3: Future development +
southern carpark+ stormwater wetland /
part raingarden treatment + pipe option 2

8.69

7.38

5.77

Simulation
Base case
Mitigation Model 1: Base case + southern
carpark / raingarden treatment +
recontouring

Notes
1: The design model using an extended NIMT pipe with a pipe roughness of 0.0164 gave a water level of 8.80m whilst using a
pipe roughness of 0.0143 gave a water level of 8.76m. The n=0.0143 is considered appropriate given the extended pipe will be
new.
2: The NIMT outlet / Great South Road inlet water level is increased slightly due to the lower pipe roughness (10mm) but it is
still less than the base case. The GSR outlet water level is lower than the base case.
3: Later variations on Mitigation Model 1 have resulted in a slightly lower peak water level, but were not complete at the time of
lodgement. The reported peak water level figure of 8.76m is therefore likely conservative.

Results: Base case
The base case flood extent is shown in Figure 3-16. This shows that the water level extends towards
the north in this case out to the 8.76m contour line.
Figure 3-17 shows the predicted water level during the 100yr future rainfall with climate change and
existing impervious coverage for the Hingaia Tributary sub catchment at the inlet to the NIMT culvert.
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Note that the second increase in water level at approx. 1600hrs relates to the backwater effects
caused by the main Hingaia Stream catchment. In this case the predicted peak water level for peak 1
(Hingaia Tributary sub catchment) is 8.76m RL with the second peak (Hingaia Stream) being 8.71m
RL.
Figure 3-18 shows the predicted water level during the 100yr future rainfall with climate change and
existing impervious coverage for the Hingaia Tributary sub catchment at the outlet to the NIMT
culvert. In this case the predicted peak water level for peak 1 (Hingaia Tributary sub-catchment) is
7.53m RL, taken as being at the same time as the NIMT culvert inlet peak water level, with the largest
peak (Hingaia Stream) being 8.49m RL. The effects of unmitigated Hingaia Stream can be seen with
the second peak water being greater than the first. The Great South Rd culvert inlet has the same
predicted water levels as the NIMT outlet being so close to each other.

Figure 3-16: Base case MIKE 21 terrain flood extent out to 8.76m
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Figure 3-17: Base case NIMT culvert inlet predicted water level profile

Figure 3-18: Base case NIMT culvert outlet predicted water level
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Figure 3-19: Base case Great South Road culvert outlet level

The three base case hydrographs shown in Figure 3-20, Figure 3-21 and Figure 3-22 predict peak
water levels from the Hingaia Stream Tributary sub-catchment are dominant at the upstream end of
the NIMT culvert. However, these are drowned out by the larger Hingaia stream peak at locations
further downstream.

Results: Mitigation Model 1 (Base case + southern carpark + recontouring)
Figure 3-20 below shows the predicted water level during the 100yr future rainfall with climate change
and existing impervious coverage plus RCL at 27% at the NIMT inlet. In this case the predicted peak
water level at 13:00hrs (Hingaia Tributary sub-catchment peak) is 8.83m RL with the largest peak
(Hingaia Stream) being 8.73m RL. Note that the predicted water level matches well with the base
case water level also plotted on the same graph. This result shows a lowering of the increase
upstream of the NIMT from 0.190 to 0.07m. The effects are not fully mitigated with this solution.
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Figure 3-20 Carpark plus raingarden treatment and recontouring at NIMT Inlet - predicted water levels

Figure 3-21 below shows the predicted water level during the 100yr future rainfall with climate change
and existing impervious coverage plus RCL at 27% at the railway culvert outlet. In this case the
predicted peak water level at 13:00hrs (Hingaia Tributary sub-catchment peak) is 7.53m RL with the
largest peak (Hingaia Stream) being 8.48m RL.

Figure 3-21 carpark plus sculpting NIMT outlet predicted water levels
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Figure 3-22 below shows the predicted water level during the 100yr future rainfall with climate change
and existing impervious coverage plus RCL at 27% at the GSR outlet. In this case the predicted peak
water level at 13:00hrs (Hingaia Tributary sub-catchment peak) is 6.29m RL with the largest peak
(Hingaia Stream) being 8.24m RL.

Figure 3-22 Southern carpark plus sculpting GSR outlet predicted water levels

Overall, this solution has a beneficial effect on downstream flooding and with the use of a lower
manning’s n for the extended pipe, the upstream flood level will be neutral to the base case flood
level. This allows for a “no net hydraulic effect” conclusion on upstream or downstream properties.
This solution is viable and should be considered if this carpark layout and stormwater management
system is adopted. The building located at 64 Flanagan Road is in the Flanagan Road / NIMT culvert
headwater effect zone however, this building will not experience any adverse flood effects from the
proposed development with the appropriate outlined mitigation measures in place.

Results: Mitigation Model 2 (Future development + southern carpark + pipe option 1)
Figure 3-23 below shows the predicted water level during the 100yr future rainfall with climate change
and future impervious coverage for the Hingaia Tributary sub-catchment at the NIMT inlet. This option
shows the 2.1m NIMT culvert plus the 2.3m 110m long GSR culvert. In this case the predicted peak
water level at 13:00hrs (Hingaia Tributary sub-catchment peak) is 8.60mRL with the second peak
(Hingaia Stream) being 8.44m RL at 15:00hrs. Note the water level hydrograph shape is slightly
different due to the removal of the three culvert crossings upstream which reduce the time of peak to
the NIMT inlet.
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Figure 3-23 Future development plus pipe option 1 NIMT Inlet predicted water levels
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Figure 3-24 below shows the predicted water level during the 100yr future rainfall with climate change
and future impervious coverage for the Hingaia Tributary sub-catchment at the NIMT outlet. This
option shows the 2.1m NIMT culvert plus the 2.3m 110m long GSR culvert. In this case the predicted
peak water level at 13:00hrs (Hingaia Tributary sub-catchment peak) is 7.43mRL with the second
peak (Hingaia Stream) being 8.38m RL.

Figure 3-24 Future development plus pipe option 1 NIMT outlet predicted water levels
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Figure 3-25 below shows the predicted water level during the 100yr future rainfall with climate change
and future impervious coverage for the Hingaia Tributary sub-catchment at the GSR outlet. This
option shows the 2.1m NIMT culvert plus the 2.3m 110m long GSR culvert. In this case the predicted
peak water level at 13:00hrs (Hingaia Tributary sub-catchment peak) is 5.77mRL with the second
peak (Hingaia Stream) being 8.24m RL.

Figure 3-25 Future development plus pipe option 1 GSR outlet predicted water levels

Overall, this solution has a beneficial effect on downstream flooding and downstream flooding. This
option is one of the preferred solutions to mitigate the effects of the development. As it also mitigates
the effects of upstream urbanisation.

Results: Mitigation Model 3 (Future development + southern carpark + pipe option 2)
Figure 3-26 below shows the predicted 100yr future rainfall with climate change water level and future
impervious coverage for the Hingaia Tributary sub-catchment at the NIMT inlet. This option shows the
2.1m NIMT culvert plus the 2.1m 86m long GSR culvert. In this case the predicted peak water level at
13:00hrs (Hingaia Tributary sub-catchment peak) is 8.69mRL with the second peak (Hingaia Stream)
being 8.41m RL.
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Figure 3-26 Future development plus pipe option 2 NIMT Inlet predicted water levels
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Figure 3-27 below shows the predicted water level during the 100yr future rainfall with climate change
and future impervious coverage for the Hingaia Tributary-sub catchment at the NIMT inlet. This option
shows the 2.1m NIMT culvert plus the 2.1m 86m long GSR culvert. In this case, the predicted peak
water level at 13:00hrs (Hingaia Tributary sub-catchment peak) is 7.38m RL with the second peak
(Hingaia Stream) being 8.40m RL.

Figure 3-27 Future development plus pipe option 2 NIMT outlet predicted water levels
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Figure 3-28 below shows the predicted water level during the 100yr future rainfall with climate change
and future impervious coverage for the Hingaia Tributary sub-catchment at the NIMT inlet. This
option shows the 2.1m NIMT culvert plus the 2.1m 86m long GSR culvert. In this case the predicted
peak water level at 13:00hrs (Hingaia Tributary sub-catchment peak) is 5.77m RL with the second
peak (Hingaia Stream) being 8.23m RL.

Figure 3-28 Future development plus pipe option 2 GSR outlet predicted water levels

Overall, this mitigation solution results in a beneficial effect on upstream and downstream land with
regard to flooding in a similar capacity to pipe option 1. This option is one of the preferred solutions to
mitigate the effects of the development. As it also mitigates the effects of upstream urbanisation, the
cost of this option should be shared with developments in the catchment.

Results: Summary
Based on this assessment, two of the three mitigation options fully mitigated the effects of the
development in terms of upstream and downstream flood effects. The channel bank sculpting solution
made significant improvements to the upstream flooding situation. However, it did not fully mitigate
the effects and cannot be relied on for full flood effect mitigation on its own. The two options that
included pipes under the NIMT rail and Great South Road both showed full flood effect mitigation.
Either of these options are viable and should form the bases for flood effects mitigation for this
development and catchment as a whole. Given these pipes are very expensive, logistically difficult to
construct and also solve flooding issues for the full Hingaia Tributary catchment MPD intensification,
the culvert funding model should include all parties that benefit from the upgrade.

3.8.3.2 Water Quality, Peak Flow and Stream Erosion Mitigation
Stormwater treatment and stream erosion will be managed by holding a permanent Water Quality
Volume (WQV) in the devices (stormwater wetland/raingarden). Hydrologic mitigation shall meet the
SMAF 1 requirements by detaining the 95% percentile storm (33mm) in the stormwater
wetland/raingarden feature. Table 3-3 is an output of the stormwater wetland calculations undertaken
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to size the stormwater wetland and meet the water quality and detention provisions of the AUP:OP.
The stormwater wetland is sized based on a 5.842ha catchment that is 100% impervious (curve
number of 98). The time of concentration within this catchment is 12 minutes based on a flow path
length of 374m and equal area slope of 2.1%.
Table 3-3: Drury Central Stormwater Wetland

Stored
Volume
(m³)

Level in
Stormwater
Wetland (m
RL)

N/A

694m³

7.410

0.032*

N/A

527m³

7.673

1.108

1.780

161%

2578m³

8.535

1.833

2.918

159%

3026m³

8.695

Development state

Rainfall
Depth
(mm)

Existing
flow
(m³/s)

Unattenuated
Design flow
(m³/s)

WQV

25

N/A

N/A

95th
Percentile

33

N/A

10% AEP

136

1% AEP

222

Flow
Rate
Change
%

* Max flow for 24hrs release
Construction of new railway station buildings and train platforms are located inside the SMAF 1
overlay at the Drury Central Station. This requirement shall be met using rainwater tanks integrated
into the building design. Rainwater harvesting shall be plumbed into the station operation as required
at a more detailed stage of design.
Regarding the peak flow increase for the 50% AEP, 10% AEP and 1% AEP, Auckland Council has
suggested that development in the Hingaia Tributary shall apply the ‘pass forward’ option to peak flow
discharge, as the Drury Central catchment has a much shorter time to peak (estimated at 1.5hrs) than
the adjoining much larger Hingaia main catchment which has a time to peak of approx. 3.6hrs. This
allows for the Drury Central peak flow to pass through the lower Drury township before the Hingaia
catchment peak occurs. Pass forward allows for the upstream Drury Central catchment to be fully
developed and flows generated are then conveyed to downstream of the NIMT culvert. No attenuation
has been included in the design based on this approach.

3.8.3.3 Scour Mitigation
A single piped outfall has been designed to release the Drury Central interchange site into the Hingaia
Stream Tributary. This outfall will discharge from the stormwater wetland and a riprap apron shall be
constructed downstream of the headwall in accordance with Auckland Council Stormwater Code of
Practice. The stormwater wetland will have an emergency spillway that will be rock protected from the
lip of the spillway through to the invert of the Hingaia Stream Tributary. These measures will
adequately protect the downstream environment from the effects of scour/erosion.

3.9 Drury Central Station Summary
3.9.1 Flood Effects
Construction of the Drury Central station, interchange and extending the Ø2100mm culvert under the
NIMT railway line will increase the 1% AEP flood levels by up to 190mm upstream, creating a
potential flood effect on upstream and adjacent properties. After testing three mitigation scenarios, all
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three options produced an adequate peak flood level mitigation. These options require either, stream
bank excavation or new pipes to be constructed under the NIMT and Great South Road
embankments. These design and mitigation solutions are viable and demonstrate the ability for the
project effects to be mitigated either within the designation or via new culverts under the Rail and
Road embankments. Regarding the second and third mitigation options, the new pipes will be very
expensive, logistically difficult to construct and also solve flooding issues for the full Hingaia Stream
Tributary sub-catchment MPD intensification, the funding model for the culverts should consider a
shared cost model.

3.9.2 Water Quality and Stream Erosion
The Project works will produce a decline in the quality of runoff from the site and increase the volume
and peak flow of stormwater leaving the site, creating a stream erosion and water quality effect. If not
mitigated, this will have an adverse effect on the stream health of downstream environment. Provision
for a stormwater wetland/raingarden has been added to the design to treat the stormwater runoff
leaving the site and detain the 95th percentile such that the volume would release over 24hrs. This
adequately provides stream erosion and water quality mitigation for the Drury Central works.

3.9.3 Peak Flow Attenuation and Scour
Peak flow attenuation has not been incorporated in the design as Auckland Council has indicated that
this will cause a coincidence of peak flows with the larger Hingaia Stream which would generate a
greater effect than if the flows were left unattenuated. This forms the central discussion on peak flow
effect and mitigation for the Drury Central Railway station and Interchange project works. This has
been termed “the pass forward approach” and is the preferred approach from Auckland Council’s
perspective in this catchment. Flows discharging from the site will be rock protected to mitigate any
concentrated discharge erosion effects forming an adequate mitigation for all scour effects anticipated
for the design.

3.9.4 AUP:OP Requirements
The following AUP:OP requirements have been addressed for the Drury Central Station Project
design:
Table 3-4: Drury Central Summary of AUP:OP rules and mitigations
AUP:OP Rule

Requirement

Feature / Mitigation measure

Rule E3.4.1(A44)

New structures and the associated
bed disturbance or depositing any
substance, reclamation, diversion of
water and incidental temporary
damming of water. Any activities not
complying with the general
permitted activity standards in
E3.6.1.1 or the specific activity
standards in E3.6.1.14 to E3.6.1.23.

Erosion control structures to be installed in
streams at piped outfalls and partial reclamation
of the Hingaia Tributary located along Flanagan
Road. Activities and reclamation are
“Discretionary”.

Rule E3.4.1(A39)

New structures and the associated
bed disturbance or depositing any
substance, reclamation, diversion of

New discharge outfalls will require work within the
existing watercourses. Activity is “Permitted”.
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AUP:OP Rule

Requirement

Feature / Mitigation measure

water and incidental temporary
damming of water. Stormwater or
wastewater outfall complying with
the standards in E3.6.1.14.
Rule E8.4.1 (A5)

Diversion and discharge of
stormwater runoff from additional
impervious areas greater than
5,000m² of road (which include road
ancillary areas that are part of a
road, motorway or state highway
operated by a road controlling
authority) or rail corridor that
complies with Standard E8.6.1 and
Standard E8.6.4.1.

New Impervious area from the interchange and
station is classified as a “Restricted Discretionary”
activity and complies the requirements of E8.6.1
and E8.6.4.1 via the management of stormwater
in a stormwater wetland / raingarden system. The
“pass forward approach” and regional flood
modelling exercised have indicated that there will
be no flooding of other properties in rainfall
events up to the 10 per cent AEP; and no
additional inundation of buildings on other
properties in events up to the 1 per cent AEP.

Rule E8.4.1(A10)

All other diversion and discharge of
stormwater runoff from impervious
areas not otherwise provided for.

All other diversions from the interchange and
station is classified as a “Discretionary” activity
and directed to the stormwater wetland /
raingarden system to meet other AUP:OP
conditions.

Rule E9.4.1 (A6)

Development of a new or
redevelopment of an existing high
contaminant generating car park
greater than 5,000m².

This activity is “Controlled” and the design meets
the requirements of E9.6 Permitted Standards
and E9.6.2 Controlled Standards. In principle, this
has been achieved by incorporating a stormwater
wetland/raingarden system, the design of which is
consistent with ‘Guidance Document 2017/001
Stormwater Management Devices in the
Auckland Region (GD01).

E10.4.1 (A3)

Development of new or
redevelopment of existing
impervious areas greater than 50m2
within Stormwater management
area control – Flow 1 or Stormwater
management area control – Flow 2
complying with Standard E10.6.1
and Standard E10.6.4.1

This activity is “Restricted Discretionary”
Construction of new railway station buildings and
train platforms are located inside the SMAF 1
overlay at the Drury Central Station. This
requirement shall be met using rainwater tanks
integrated into the building design. Rainwater
harvesting shall be plumbed into the station
operation as required at a more detailed stage of
design.

Rule
E36.4.1(A24)

Surface parking and above ground
parking areas in the 1 per cent
annual exceedance probability
(AEP) floodplain, that comply with
Standard E36.6.1.7.

This is a permitted activity as long as the carpark
experiences not more then 200mm (depth) of
flooding in the 1% AEP rainfall event. The carpark
has been lifted out of the floodplain through
earthworks and is above the 1% AEP floodplain
as modelled in the Hingaia Stream catchment
flood model.
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3.9.5 Conclusion
Based on the above, all stormwater effects resulting from the operation of the new Drury Station
Project can be mitigated such that the residual stormwater effects on the environment are less than
minor. Additionally, all stormwater related AUP:OP requirements have been identified and addressed
accordingly. The following section includes a set of recommended conditions to guide the detailed
design in meeting the requirements of the AUP:OP.

3.10 Recommendations for NoR DC-S and NoR DC-I Conditions
It is recommended that during detailed design, that flood modelling of the pre-Project and post-Project
100 year ARI flood levels (both for MPD land use and including climate change) is carried out and
measures implemented to achieve the following outcomes:
•

No increase in flood levels for existing authorised habitable floors that are already subject to
flooding (that is, no increase in flood level where the flood level using the pre-Project model
scenario is above the habitable floor level)

•

No more than a 10% reduction in freeboard for existing authorised habitable floors (that is, if
existing freeboard was 500mm, an acceptable change would be to reduce freeboard to
450mm)

•

No increase of more than 50mm in flood level on land zoned for urban or future urban
development where there is no existing habitable dwelling

•

No new flood prone areas (with a flood prone area defined as a potential ponding area that
relies on a single culvert for drainage and does not have an overland flow path)

•

That there is no more than a 10% average increase of flood hazard (defined as flow depth
times velocity) for main access to authorised habitable dwellings.

Where the above outcomes can be achieved through alternative measures outside of the designation
such as flood stop banks, flood walls, new culverts and overland flow paths, this may be agreed with
the affected property owner and Auckland Council.
A stormwater treatment system shall be constructed to manage the operational runoff from the whole
of the Drury Central Station and Interchange. The treatment system shall be designed in accordance
with Auckland Council’s Guidance Document 01 (GD01).
Stormwater detention shall be incorporated into the design of the Drury Central Station Project to, at
minimum, achieve the Stormwater Management Area - Flow 2 hydrologic mitigations set out in the
Auckland Unitary Plan, Operative in Part (AUP:OP) Section E10 Table E10.6.3.1.1. The station and
platforms building hydraulics shall include rainwater tanks or similar retention and detention features
with provision for rainwater harvesting consistent with the requirements of the SMAF 1 rules
described in the Auckland Unitary Plan, Operative in Part (AUP:OP) Section E10 Table E10.6.3.1.1.
Erosion and scour effects shall be managed at all locations where concentrated flow is released from
the project site. This includes piped outfalls, stormwater wetland spillways and steep channels.
Design of the erosion counter measure shall be carried out in accordance with HEC-14, HEC-15 and
Auckland Councils GD01 guidance.
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4 Paerata Station
4.1 Project Overview
The Paerata Station Project has been divided into the following NoRs:
•

Train station platforms and platform buildings (within NoR P-S)

•

Interchange facilities and station accessway (within NoR P-IA).

The indicative footprint and the drawings (Appendix 1 of the AEE) (Figure 4-1) have been prepared
for assessment purposes and are indicative only. The design will be refined and confirmed at the
detailed design stage.

Figure 4-1: Paerata Station platform and facilities, including accessway.
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4.2 Existing Environment
The existing site is presently greenfield with mostly paddocks/grassland as ground cover. There is no
formal stormwater drainage within the subject site and based on the site contours, all stormwater
flows overland as sheet flow to a culvert that flows under the NIMT railway line. The catchment is
approximately 0% impervious and any development of this site will decrease the soil storage and
increase runoff.
The terrain is steep, consisting of sparsely vegetated, hilly greenfield terrain that has been used for
mostly cattle grazing purposes. The area around the subject site is planned for intensified
development and the environment is expected to change. This land use alteration will need to
address the runoff increase, water pollution and flooding issues as part of development.
Refer back to the AEE for a detailed description of the existing and likely future environment of the
Project.

4.3 Project Features
4.3.1 Station and Interchange
Indicative key features of the full build of the station and interchange include the following:
• Four platforms to service nine car trains
• Station buildings
• Bridge access to the platforms and station buildings
• Bus interchange and layovers
• Park and ride facilities / kiss-and-ride for approximately 500 cars
• Bicycle storage for approximately 500 bicycles
• Internal road / path access.

4.3.2 Accessway
A new accessway is proposed to provide a multi-modal connection between the station and SH22.
This connection will service the use of the station and interchange. This accessway will include all
stormwater measures typical for roadways in the Auckland region. Refer to the AEE for a more
detailed description of this feature.

4.4 Project Implementation
The Paerata Station Project will be implemented in at least two stages to align with current and future
land use scenarios, changes in usage demands over time and the availability of transport funding.
The first stage of construction is funded under NZUP and is intended to be completed by 2024. The
Project seeks to provide for the long-term development of the station and its precinct. The exact
timing of future stages for these stations is uncertain beyond Stage One as this will be driven largely
by the rate of growth and urbanisation of the surrounding area. However, it is expected that station
components will evolve over time to meet changing demand levels. For example:
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•

The size and number of platforms will increase over time as the usage of the station
increases, and third/fourth tracks are added to the rail corridor (as part of a separate track
expansion project); and

•

Park-and-ride facilities are assumed to be the main means of access in the short term, but
may be consolidated over time as other access modes increase.

In light of the above, an effects envelope-based approach to designating the land and consenting the
activities is proposed, allowing for the construction and operation of the fully developed facilities.
Table 4-1 below shows the lower and upper bound scenarios for station components provided for
within that envelope. It is expected at least two Outline Plans will be required at different stages to
provide the final details of the staged build-out.
Table 4-1: Potential extent of project attributes
Paerata Station
Spatial Attribute

Lower Bound

Upper Bound

Rail tracks (four tracking not
provided for in this referral)

Two

Four

Platform length

150m (to accommodate a 6-car
train)

225m (to accommodate a 9-car
train)

Platforms

Two

Three

Bus Interchange

One double bus stop within footprint

Nine bus stops within footprint

Park and ride spaces

< 500

Bicycle storage

Approx. 200

Approx. 500

4.5 Proposed Stormwater Design
4.5.1 Station and Interchange
Stormwater works at the station will include a collection and conveyance network, a treatment,
detention and attenuation systems and a set of erosion countermeasures. The indicative layout plans
developed to support this assessment use stormwater catch pits, pipes, scruffy domes and swales to
collect and convey runoff to a centralised stormwater wetland or raingarden system. The stormwater
wetland or raingarden system will provide the treatment and hydrologic mitigation required to meet the
AUP:OP rules on stormwater management. A centralised stormwater wetland/raingarden has been
chosen in preference to a number of smaller treatment devices throughout the carpark for the
following reasons:
•

A centralised stormwater wetland/raingarden can perform attenuation as opposed to a series
of smaller raingardens that cannot perform this function.

•

A large centralised system is easier and cheaper to maintain than a series of smaller devices.
This is an important consideration to Auckland Transport.

•

The station platform will remove an earthen bund on the upstream side of the track that
protected the Railway line from the 1% AEP flood. Placing a new flow control at the outlet of
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the stormwater wetland will reinstate the barrier and prevent a worsened level of flood
immunity to the rail.
Rock riprap aprons have been shown at all locations where a concentrated discharge of stormwater is
designed including at culverts.

4.5.2 Accessway
Stormwater works at the accessway will be typical for a local road, including a collection and
conveyance network, with treatment, detention, attenuation and a set of erosion countermeasures.
The indicative layout plans developed to support this assessment use stormwater catch pits, pipes,
scruffy domes and swales to collect and convey runoff. The swales will provide the treatment and
hydrologic mitigation required to meet the AUP:OP rules on stormwater management. Rock riprap
aprons have been shown at all locations where a concentrated discharge of stormwater is designed
including at culverts. A stormwater wetland is located on the interchange side of the NIMT and treats,
detains, and attenuates flow for both the new park and ride and the section of Access Road on that
side of the railway tracks.

Figure 4-2: Layout of the Accessway stormwater design

The accessway road, bridge, drainage system, swales and stormwater wetland will form an integrated
system to collect, convey, treat, detain and attenuate all flow that falls on the road and bridge surface.
This approach is typical for a local road of this type.

4.6 Assessment of Stormwater Effects
4.6.1 Assessment and Mitigation of Construction Effects
The proposed approach to construction phase erosion and sediment control on the site is described in
the Provisional Erosion and Sediment Control Plan.
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4.6.2 Assessment of Operational Effects
Operational stormwater effects at the Paerata Station Project station, interchange and accessway are
generated by new culverts, addition of impervious surface and increases in contaminant generating
activities on the site. The stormwater effects have been divided into the following categories: flood
hazard, peak flow change, water quality, stream erosion and scour assessments. The following
sections will describe these effects in more detail.

4.6.2.1 Flood Hazard Assessment
To assess flood hazards at the Paerata Station, a new HEC-RAS model has been built. The existing
Auckland Council MIKE FLOOD (DHI) model, built for the Ngakoroa and Oira catchments, included
the Paerata site. However, it was located at the outside extent of the model with a boundary condition
located too close to the project area to be considered “non-influential” on the results. Additionally, the
whole of the upstream catchment was not included in the model.
The new HEC-RAS model applied infiltration adjusted run-off to a 5m x 5m grid mesh with sub-grid
sampling capabilities. Surveyed culvert were added to the model and terrain roughness was applied
based on aerial imagery. The flood level, velocity and depths were calculated through simulation for
the existing and design cases with the differences between the two simulations forming the basis for
effects assessment.

Paerata Station and Interchange
The new Paerata station is wider than the current Ø600mm culvert can span as it is currently located
under the rail. This culvert will need to be upgraded and lengthened to accommodate the new railway
station and provide a greater freeboard to the railway line and platforms at this location. These works
will increase the flow downstream and generate flood effects of up to 70mm within the open natural
channel sections of the downstream land. This is discussed in greater detail for the Paerata
accessway flood effect assessment section.
The interchange does not interact with any floodplains and no flood effects are expected from this part
of the development.

Paerata Accessway
A flood model has been built to calculate and predict the effects of the Paerata accessway and
stormwater wetland design on the upstream and downstream land. The HEC-RAS model incorporates
the interchange, accessway and stormwater wetland designs together to assess the combined effects
of the works. The existing catchment model includes a Ø600mm culvert under the railway
embankment. The surveyed location and elevations are shown in Figure 4-3Error! Reference source
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not found..

Figure 4-3: Existing Ø600mm culvert under the NIMT at Paerata

The flood model uses terrain data sourced from the Land Information New Zealand (LINZ) website
from the 1m Digital Elevation Model (DEM) data set covering the Auckland region. A rainfall
hyetograph was built using the TP108 approach to rainfall temporal pattern development and applied
to 2D mesh. The flood model contained a pre-development and post-development simulation. The
pre-development that was built using the existing lidar and included the culverts under the NIMT
railway line only. Error! Reference source not found. Figure 4-4 shows the extent of the Paerata f
lood modelling and the maximum 1% AEP existing flood depths simulated for the catchment. The
interchange and accessway have been shown for reference only.
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Figure 4-4: Pre-development Paerata model showing the 1% AEP flood depths and extent of existing
floodwaters.

The post-development model was based on a copy of the pre-development model and used an
altered terrain surface DEM to reflect the earthworks changes within the design. Additionally, the postdevelopment model included an upgraded culvert under the NIMT and two new culverts under the
accessway. Figure 4-5Error! Reference source not found. shows the extent of the Paerata flood
modelling and the maximum 1% AEP existing flood depths simulated for the catchment. The
interchange and accessway were represented by elevation changes in the model DEM but shown
indicatively in the model output.

Te Tupu Ngātahi Supporting Growth

May 2021 | 2 | 51

Assessment of Stormwater Effects

Figure 4-5: Post-development Paerata model showing the 1% AEP flood depths and extent of design
floodwaters

The unmitigated flood effects from the design were not simulated as this would require no new or
upgraded culverts and no flow attenuating effect from the stormwater wetland outlet structures.
Culvert and stormwater wetland features have been integrated as part of the design. However, these
features mitigate the flood effects of the works as a whole. Flood effects without mitigation would have
had significant effects on the upstream land as the flow would have been heavily impeded by the
accessway and undersized culvert coupled with the new station. The new culverts, upgraded existing
culvert and stormwater wetland flood attenuation system are considered mitigation measures and
discussed further in section 4.6.3.1.

4.6.2.2 Peak Flow Assessment
The new impervious surface will increase the peak flows that discharge from the site due to the loss
of soil infiltration potential and the increased speed of runoff. This increased peak flow will place a
larger demand on downstream infrastructure and should be attenuated back to pre-development
flowrates to maintain capacity in the downstream networks.
The effects generated by peak flow increase are related to flood effects and management of the peak
flows should be considered as part of the overall flood effects mitigation approach. Peak flow
assessments encompass the 1% AEP and 10% AEP events in accordance with the AUP:OP
Section E8.6.1.The recommended mitigation approach is outlined below in section 4.6.3.

4.6.2.3 Water Quality Assessment
Water quality effects are expected as the station, interchange and accessway are high contaminate
generating impervious surfaces. The vehicles that use it will deposit hydrocarbons, heavy metals, and
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sediment (dust) on the road surface. Operational stormwater effects arise from rainfall interacting with
the new impervious surface and any contaminates that may be mobilised with the runoff that
accumulates. The polluted runoff interacts with the receiving environment and causes degraded
stream health through increased turbidity, reduced dissolved oxygen, increased heavy metals,
hydrocarbons, and gross pollutants. These effects are typical for pollutants generated by Park and
Ride type activities. The larger amount of public access will generate an increase in gross pollutants
such as discarded food packaging, soft drink cans/bottles and a variety of paper, plastic, and glass
rubbish. Rainfall will wash these pollutants into the catchpits and into the stormwater pipe network.
The recommended mitigation approach is outlined below in section 4.6.3.

4.6.2.4 Stream Erosion Assessment
The increased volume of runoff and the concentration of increased flow may generate erosion to the
receiving stream which can contribute to stream bank instability and the mobilisation of sediment. The
effects of erosion can be minor through to extreme depending on the erosivity of the surrounding soils
and the potential damage to the natural and built environment as a result of unstable terrain slopes.
Stream bank erosion will increase in proportion to the increase in peak flowrate from frequent events.
The erosion will begin when the flowrate in the stream is larger than the natural equilibrium critical
shear stress threshold. Both the number of exceedances per year and duration of exceedance will
directly affect the rate of stream degradation and erosion severity. Auckland Council require that this
effect be mitigated by detaining the 95th percentile storm and releasing the volume over 24 hours.
The recommended mitigation approach is outlined below in section 4.6.3.

4.6.2.5 Scour Assessment
Concentrated discharge erosion will occur at any location where a conveyance system is not
adequately engineered at the watercourse outfall. All locations where the concentrated discharge of
flow presents a risk of erosion will require an erosion countermeasure. The recommended mitigation
approach is outlined below in section 4.6.3.

4.6.3 Recommended Measures to Avoid, Remedy or Mitigate Effects
Operational stormwater management is required under the AUP:OP to address flooding, water
quality, peak discharge and erosion. Water quality effects will be managed as required by AUP:OP E9
and in general accordance with GD01. GD01 sets out the selection and design of stormwater
management devices in the Auckland region. Based on the effects identified above, a system of
swales would be best suited to address water quality, stream erosion and peak flow increase effects.

4.6.3.1 Flood Hazard Mitigation
Paerata Station and Interchange
The Paerata station and interchange does not interact with any floodplains and no flood effects are
expected from this development.

Paerata Accessway
The flood hazard assessment identified that flood effects that would arise from the new accessway
and earthworks alterations within the catchment. To mitigate these effects, two new culverts were
designed to run under the new accessway. Error! Reference source not found. Figure 4-6 shows t
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he location of the new culverts and the largest diameter possible at each location given the scheme
design elevations of the accessway. These culverts are:
• An Ø1800mm culvert under the southern flowpath crossing and
• A Ø375mm culvert under the eastern flowpath crossing.

Figure 4-6: Paerata Accessway with new culverts

In addition to the new culverts, the existing Ø600mm culvert under the NIMT railway line was
increased to a Ø1050mm pipe. This increase was required to increase the freeboard to the NIMT
railway line and new railway station platform to meet the KiwiRail Engineering standards criteria of
725mm freeboard to the top of rail for the 1% AEP flood.

Figure 4-7: Paerata Accessway – new culverts

The change in peak water level upstream of the Ø375mm pipe show a +1.02m increase at the
headwall, that reduces to a 0mm increase 70m upstream. The change in peak water level upstream
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of the Ø1800mm pipe show a +0.065m increase at the headwall, that reduces to a 0mm increase 30m
upstream. These increases are a product of the stormwater wetland attenuation that regulates the
flow of water to the railway embankment culvert. The downstream channel shows a 70mm increase in
peak 1% AEP flood level as a result of increasing the culvert under the rail from a Ø600mm pipe to a
Ø1050mm pipe. Refer to Figure 4-8 for a flood difference map comparing pre-development flood
levels to the post-development flood

Figure 4-8Paerata Accessway flood level difference map (post minus pre peak 1% AEP flood elevations)

The upstream 1% AEP flood effects are not detrimental to the upstream land as it is currently used as
it does not cause any flood effects to the properties upstream. Future development in this area will
need to take these flood levels into consideration when setting building flood levels.
The downstream flood effects are product of reducing the throttle that the existing Ø600mm culvert is
placing on the stream flows at this location. To achieve a Ø725mm freeboard to the existing railway
line and the new platform level, the culvert will need to be upsized to a Ø1050mm pipe and the online
stormwater wetland will be needed to regulate the flow of water to the new culvert. The 70mm
increase downstream may be considered as a return to the original stream flow level that existed
before the railway line was constructed and not necessarily a new effect. The effect on downstream
properties will be minimal as the increase remains fully within the existing channel, refer to Error! R
eference source not found. showing a cross-section through the downstream channel where the
flood level increase has been calculated.
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Figure 4-9: Paerata Accessway flood level difference map (post minus pre peak 1% AEP flood elevations)

4.6.3.2 Peak Flow Mitigation
Paerata Station and Interchange
Peak flow increases will be mitigated in the stormwater wetland/raingarden designed to also treat
stormwater runoff from the new station, interchange and internal roads. The stormwater wetland will
be fed by a system of stormwater catchpits, manholes, scruffy domes and pipes included in the
design. The volume of storage allowed for in the design has been calculated based on the 10% AEP
and 1% AEP being attenuated back to the peak flow rate calculated from the same site area, before
the catchment was developed.
Climate change adjusted rainfall was used in the calculation of the hydrology and compared to nonclimate change adjusted rainfall depths used for the existing catchment flow rates for the same area.
The Curve Number was 74 for pervious area and 98 for impervious area. The maximum flow path
length is approximately 619m long with an equal area slope of 3.2%.
As the proposed Paerata stormwater wetland sits within the terrain depression for the whole 15.856ha
of the upstream catchment that flows through to the culvert under the railway line, the stormwater
wetland has been sized for the entire catchment’s full developed potential. This makes the stormwater
wetland effectively online as there is no provision for the upstream catchment to bypass the
stormwater wetland. This decision to design the stormwater wetland/raingarden this way, was made
through necessity. The driving factors were:
•

Steep terrain, preventing any areas uphill of the interchange to be used for stormwater
management
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•

Large area of the interchange and road design occupying all areas outside of the watercourse

•

Desire to place a treatment and attenuation system that operates under gravity

Table 4-2: Paerata Stormwater Wetland

Development
state

Rainfall
Depth
(mm)

Existing
flow
(m³/s)

Design flow
(m³/s)

Flow Rate
Change %

Stored
Volume (m³)

Level in
Stormwater
Wetland (m RL)

WQV

25

N/A

N/A

N/A

2211

41.70

95th Percentile

33

N/A

0.070

N/A

2925

42.18

10% AEP

136

1.71

1.35

79%

10457

43.54

1% AEP

222

3.30

2.29

69%

10978

43.62

Based on the above, the station meets the general standards in E8.6.1.

Paerata Accessway
Peak flow attenuation can be achieved by constructing a specially designed outlet structure for each
swale before it discharges to the downstream environment.
Peak flow attenuation in swales is a possible but comes with risks due to the longer residence of
water in the vegetated channel at the edge of the road. Some adverse elements of holding back water
in the roadside swale are:
•

Water logging of the soil can cause some plant species and grasses to die off.

•

Saturation of the pavement subgrade can weaken the pavement and cause deterioration to
set in earlier than expected.

Despite there being adverse elements to attenuating flow along the roadside, the benefits of
constructing the mitigation system at the source and coupled with the water treatment system is
significant. Additionally, the slowing (detention/attenuation) of flows releasing from the road has an
additional water quality improvement as it adds additional time for sediments to settle out of
suspension. With these measures in place, the accessway meets the general standards in E8.6.1.

4.6.3.3 Water Quality Mitigation
Paerata Station and Interchange
GD01 sets out the selection and design of stormwater management devices in the Auckland region.
Based on the effects identified above, a constructed stormwater wetland, raingarden or bioretention
swale would be best suited to address water quality, stream erosion and peak flow increase effects.
Also, relative to the other options, a stormwater wetland will provide an increase in amenity, habitat
and green corridor connectivity potential. A raingarden produces an improved public safety potential
only compared to a stormwater wetland or bioretention swale. The recommended device for
stormwater treatment and detention is therefore a constructed stormwater wetland. However, this
could be designed as a raingarden at a more detailed stage.

Te Tupu Ngātahi Supporting Growth

May 2021 | 2 | 57

Assessment of Stormwater Effects

Paerata Accessway
Water quality effects for stormwater generated within the accessway area on the western side of the
railway track shall be mitigated using treatment swales long the roads edge. The average residence
time of 9 minutes is required in accordance with the design of treatment swales in GD01. Based on
the combined treatment and hydrologic mitigation function of the swales, the vegetation in the swales
should be selected to withstand prolonged saturation and dry conditions.
Water quality effects for stormwater generated within the accessway area on the eastern side of the
railway track shall be mitigated using the online stormwater wetland located between the accessway
and the interchange. The water quality volume provided in the stormwater wetland based on the 90th
percentile storm includes the catchment area for both the accessway and interchange facilities. The
conceptual design of the stormwater wetland has been carried out in accordance with GD01.

4.6.3.4 Stream Erosion Mitigation
Paerata Station and Interchange
Stream erosion management will be addressed by detention within the stormwater wetland. This is
required by the AUP:OP Chapter E8 Stormwater - Discharge and Diversion which classifies the
Paerata station works under Activity A5 as a restricted discretionary activity.
The restricted discretionary activity standards are:
• Where stormwater runoff is directed to an existing stormwater network, including roadside
drainages, swales and catchpits, these must be managed and maintained to ensure effective
operation and to prevent erosion, sediment generation and discharge.
• Any road ancillary area must not be used for: AUP:OP Chapter E8 Stormwater - Discharge and
Diversion Section 7:
•
•

storage of roading and building materials that are not inert for more than 30 days
continuously;
works / building yards.

• Where stormwater runoff from an impervious area is discharged into a stream receiving
environment, it must be managed by a stormwater management device to meet the hydrology
mitigation requirements E10.6.3.1.1(1) specified for Stormwater management area – Flow 1 in
Table E10.6.3.1.1 Hydrology mitigation requirements, except as provided for in E10.6.3.1.1(2).
• Stormwater management devices must be provided to reduce or remove contaminants from
stormwater runoff.
Clause 3 refers to AUP:OP E10 which describes the requirement for SMAF control even though the
site is not covered by a SMAF layer. This necessitates the design for a retention and detention
volume. SMAF 1 requires that the design:
• Provides retention (volume reduction) of at least 5mm runoff depth for the impervious area for
which hydrology mitigation is required; and
• Provides detention (temporary storage) and a drain down period of 24 hours for the difference
between the predevelopment and post-development runoff volumes from the 95th percentile, 24
hour rainfall event minus the 5 mm retention volume or any greater retention volume that is
achieved, over the impervious area for which hydrology mitigation is required.
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The AUP:OP E10 Table E10.6.3.1.1 allows for the retention volume to be taken up by detention if the
detention (temporary storage) can meet a drain down period of 24 hours for the difference between
the pre-development and post-development runoff volumes from the:
• 95th percentile (SMAF 1) or
• 90th percentile (SMAF 2).
The detention volume is calculated based on a 24-hour rainfall event (using SMAF1 or 2 depths)
minus any retention volume that is achieved, over the impervious area for which hydrology mitigation
is required. As stormwater wetlands and raingardens are not designed for retention, this clause allows
a stormwater wetland or raingarden to meet the hydrologic mitigation requirements in full using
detention only.

Paerata Accessway
On the western side of the railway, stream erosion management will be addressed by detention within
the swales. Stream erosion effects for stormwater generated within the accessway area on the
eastern side of the railway track shall be mitigated within the online stormwater wetland. This shall be
achieved through detention of the 95th percentile rainfall volume and releasing this volume over
24hrs. The total detention volume includes catchments from both the accessway and the interchange
facilities. This is required by the AUP:OP Section E8 where the activity table identifies the accessway
as “activity A4” and a permitted activity. Compliance with the general and permitted controls can be
achieved in the design.

4.6.3.5 Scour Mitigation
Erosion countermeasures will be addressed using guidance from HEC – 15 to dissipate energy from
pipe outfalls. Where steep channels present with a scour risk, rock lined channels or concrete
channels will be designed to eliminate the risk of erosion. Channel erosion countermeasures will be
designed in accordance with HEC-15. With these measures in place, scour effects shall be
adequately addressed.

4.7 Paerata Station Summary
4.7.1 Flood Effects
Construction of the Paerata Station Project will require a new Ø1050mm concrete culvert to be
constructed under the new platforms. This will replace the existing Ø600mm pipe and improve the 1%
AEP such that the freeboard to the station meets the KiwiRail standard (725mm to top of rail). The
length of the new culvert is longer than that of the existing culvert so the structure can span the full
width of the new station platform. This generates flood effects on the downstream land as it “opens
up” the conveyance through the railway line. Flood effects have been calculated in conjunction with
the accessway culverts and new stormwater wetland. These flood effects are discussed in
conjunction with the accessway and stormwater wetland designs in the Paerata accessway section.
The interchange facilities and the accessway on the western side of the railway line do not interact
with any floodplains and do not generate any flood effects as a result.
The addition of the accessway culverts on the eastern side of the railway line produce a +1.02m
increase at the headwall, that reduces to a 0mm increase 70m upstream for the Ø375mm culvert. The
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Ø1800mm culvert shows a +0.065m increase at the headwall, that reduces to a 0mm increase 30m
upstream. These increases are, in part, a product of the tailwater created by the stormwater wetland
attenuation that regulates the flow of water to the railway embankment culvert. The downstream
channel shows a 70mm increase in peak 1% AEP flood level as a result of increasing the culvert
under the rail from a Ø600mm pipe to a Ø1050mm pipe. These flood effects do not result in any effect
on current land uses upstream or downstream or result in a loss of developable land. Based in this,
the flood effects generated by the Project are less than minor.

4.7.2 Water Quality and Stream Erosion
The new station and interchange will result in a runoff water quality decline from the site and increase
the volume and peak flow of stormwater leaving the site, creating a stream erosion and water quality
effect. If not mitigated, this will have an adverse effect on the stream health of downstream
environment. Provision for a stormwater wetland/raingarden has been added to the design to treat the
stormwater runoff leaving the site and detain the 95th percentile such that the volume would release
over 24hrs. This will adequately mitigate the stream erosion and water quality effects through the
Paerata Station and Interchange operational phase.
Adverse stormwater quality and stream erosion effects that will arise from the accessway on the
western side of the railway line will be managed in roadside swales. The swales shall be designed to
achieve water quality and stream erosion design objectives as described in GD01. With these controls
in place, the accessway’s stormwater quality and stream erosion effects will have a net less than
minor effect on the environment.

4.7.3 Peak Flow Attenuation and Scour
Peak flow attenuation has been incorporated into the design of the stormwater wetland. However, in
this instance the stormwater wetland and the culvert under the railway line have been designed to
work in conjunction with each other to reach a balance between:
•

The flow through the new Ø1050mm railway station culvert,

•

Minimize attenuated storage volume in the stormwater wetland, and

•

Minimize the flood effect on land upstream of the Accessway culverts.

The outcome of the stormwater wetland design regulated/attenuated the peak 1% AEP flows such
that the headwater on the Ø1050mm culvert achieved greater than 725mm to the railway line level.
Additionally, the peak 1% AEP storage in the stormwater wetland created a tailwater level for the
Accessway culverts which contributes to the upstream flood levels.
Stormwater peak flow increase and scour effects that will arise from the accessway on the western
side of the railway line will be managed in roadside swales. The swales shall attenuate the peak flows
back to that of pre-development peak flows for the 10% AEP and 1% AEP allowing the combined
Paerata works to meet the general standards in E8.6.1. The design shall also incorporate riprap
aprons at all piped outfalls. With these controls in place, stormwater peak flow increases and scour
effects resulting from the accessway on the western side of the railway line will be adequately
mitigated such that the residual stormwater effects on the environment are less than minor.

4.7.4 AUP:OP Requirements
The following AUP:OP requirements have been addressed for the Paerata Station Project design:
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Table 4-3: Paerata Summary of AUP:OP rules and mitigations
AUP:OP Rule

Requirement

Feature / Mitigation measure

Rule E3.4.1(A33)

New structures and the associated
bed disturbance or depositing any
substance, reclamation, diversion of
water, and incidental temporary
damming of water. Culverts or fords
more than 30m in length when
measured parallel to the direction of
water flow

New platforms are proposed over an existing
600mm diameter culvert that passes under the
rail line. It is not possible to extend this culvert as
the platform will lower the structural depth to the
pipe and compromise it. The culvert is
undersized, so a 1050mm diameter 35m long
culvert replacement is required to meet rail track
flood immunity. The new culvert may be installed
as a direct replacement or as a staged offline
replacement immediately adjacent to the existing
culvert depending on staging.
Two new culverts are also proposed under the
accessway.
The permitted activity standards are unlikely to be
met, so the activities are ‘Discretionary’.

Rule E3.4.1(A44)

New structures and the associated
bed disturbance or depositing any
substance, reclamation, diversion of
water and incidental temporary
damming of water. Any activities not
complying with the general
permitted activity standards in
E3.6.1.1 or the specific activity
standards in E3.6.1.14 to E3.6.1.23.

Erosion control structures are to be installed in
streams at piped outfalls and reclamation of a
local stream located south of the Paerata
Interchange for the construction of a new
stormwater wetland. Activities is “Discretionary”.

Rule E3.4.1(A39)

New structures and the associated
bed disturbance or depositing any
substance, reclamation, diversion of
water and incidental temporary
damming of water. Stormwater or
wastewater outfall complying with
the standards in E3.6.1.14.

New discharge outfalls will require work within the
existing watercourses. Activity is “Permitted”.

Rule E8.4.1 (A5)

Diversion and discharge of
stormwater runoff from additional
impervious areas greater than
5,000m² of road (which include road
ancillary areas that are part of a
road, motorway or state highway
operated by a road controlling
authority) or rail corridor that
complies with Standard E8.6.1 and
Standard E8.6.4.1.

New Impervious area from the interchange,
station and accessway is classified as a
“Restricted Discretionary” activity and complies
the requirements of E8.6.1 and E8.6.4.1 via the
management of stormwater in a stormwater
wetland / raingarden system. Peak flow
attenuation in the stormwater wetland will meet
the requirements for no flooding of other
properties in rainfall events up to the 10 per cent
AEP; and no additional inundation of buildings on
other properties in events up to the 1 per cent
AEP.
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AUP:OP Rule

Requirement

Feature / Mitigation measure

Rule E8.4.1(A10)

All other diversion and discharge of
stormwater runoff from impervious
areas not otherwise provided for.

All other diversions from the interchange and
station is classified as a “Discretionary” activity
and directed to the stormwater wetland /
raingarden system to meet other AUP:OP
conditions.

Rule E9.4.1 (A6)

Development of a new or
redevelopment of an existing high
contaminant generating car park
greater than 5,000m².

This activity is “Controlled” and the design meets
the requirements of E9.6 Permitted Standards
and E9.6.2 Controlled Standards. In principle, this
has been achieved by incorporating a stormwater
wetland/raingarden system, the design of which is
consistent with ‘Guidance Document 2017/001
Stormwater Management Devices in the
Auckland Region (GD01).

E10.4.1 (A3)

Development of new or
redevelopment of existing
impervious areas greater than 50m2
within Stormwater management
area control – Flow 1 or Stormwater
management area control – Flow 2
complying with Standard E10.6.1
and Standard E10.6.4.1

This activity is “Restricted Discretionary”
Construction of new railway station buildings and
train platforms and accessway are located inside
the SMAF 1 overlay at the Paerata Station on the
west side of the NIMT. This requirement shall be
met using rainwater tanks integrated into the
building design for the platforms, and by using
treatment swales along the accessway.

Rule
E36.4.1(A24)

Surface parking and above ground
parking areas in the 1 per cent
annual exceedance probability
(AEP) floodplain, that comply with
Standard E36.6.1.7.

This is a permitted activity as long as the carpark
experiences not more then 200mm (depth) of
flooding in the 1% AEP rainfall event. The carpark
is not located within a 1% AEP floodplain allowing
this requirement to be met.

4.7.5 Conclusion
Based on the above, all stormwater effects resulting from the operation of the new Paerata Station
Project can be mitigated such that the residual stormwater effects on the environment are less than
minor.

4.8 Recommendations for NoR P-S and NoR P-IA Conditions
It is recommended that during detailed design, that flood modelling of the pre-Project and post-Project
100 year ARI flood levels (both for MPD land use and including climate change) is carried out and
measures implemented to achieve the following outcomes:
•

No increase in flood levels for existing authorised habitable floors that are already subject to
flooding (that is, no increase in flood level where the flood level using the pre-Project model
scenario is above the habitable floor level)

•

No more than a 10% reduction in freeboard for existing authorised habitable floors (that is, if
existing freeboard was 500mm, an acceptable change would be to reduce freeboard to
450mm)

•

No increase of more than 50mm in flood level on land zoned for urban or future urban
development where there is no existing habitable dwelling
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•

No new flood prone areas (with a flood prone area defined as a potential ponding area that
relies on a single culvert for drainage and does not have an overland flow path)

•

That there is no more than a 10% average increase of flood hazard (defined as flow depth
times velocity) for main access to authorised habitable dwellings.

Where the above outcomes can be achieved through alternative measures outside of the designation
such as flood stop banks, flood walls and overland flow paths, this may be agreed with the affected
property owner and Auckland Council.
A stormwater treatment system shall be constructed to manage the operational runoff from the whole
of the Paerata station, interchange and accessway. The treatment system shall be designed in
accordance with Auckland Council’s Guidance Document 01 (GD01).
Peak flow attenuation shall be incorporated into the design of the Paerata Station, Interchange and
Accessway such that downstream effects do not exceed flood level increase conditions in conjunction
with all other design features.
Stormwater detention shall be incorporated into the design of the Paerata station, interchange and
accessway to, at minimum, achieve the Stormwater Management Area - Flow 2 hydrologic mitigations
set out in the Auckland Unitary Plan, Operative in Part (AUP:OP) Section E10 Table E10.6.3.1.1.
Erosion and scour effects shall be managed at all locations where concentrated flow is released from
the project site. This includes piped outfalls, stormwater wetland spillways and steep channels.
Design of the erosion counter measure shall be carried out in accordance with HEC-14, HEC-15 and
Auckland Councils GD01 guidance.
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