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1

INTRODUCTION

1.1

Papakura to Bombay Project Background

This Report supports the application lodged by Waka Kotahi New Zealand Transport Agency (Waka Kotahi) under
the Covid 19 Recovery (Fast Track Consenting) Act 2020 (FTA) for Stage 1B1 of the Papakura to Drury South
Project, a listed project under the FTA. For clarity and by way of summary we note that:
◼

The Papakura to Drury South Project was originally part of a larger project, called the Papakura to Bombay
Project.

◼

Through the FTA, part of the Papakura to Bombay Project, being the Papakura to Drury South section, was
included as a listed project under that Act.

◼

Waka Kotahi has broken the listed Papakura to Drury South project into further stages, with this application
relating to Stage 1B1 only. Stage 1B1 is referred to as the Project throughout this document.

Further discussion of the different stages of the Papakura to Drury South Project is contained in the, Assessment of
Effects on the Environment (AEE), Design and Construction Report (Appendix C to the AEE) and legal submissions
supporting this application.

1.2

Stage 1B1 Papakura to Drury Interchange

As referred to in the AEE the geographic location of the Project is between the Papakura Interchange to south of the
Drury Interchange (Quarry Road), shown in Figure 1-1. The works will include infrastructure upgrades at the
Papakura Interchange, the Drury Interchange, and replacements of the SH1 Bremner Road Overbridge and Jesmond
Bridge (over Ngakoroa Stream). Additionally, it is also proposed to establish a shared use path (SUP) from the
Papakura Interchange to north of the Otūwairoa (Slippery Creek) Bridges, and from Bremner Road to south of the
Drury Interchange. A full description of the Project works is contained in the AEE and Design and Construction Report
(Appendix C to the AEE), supporting the application for resource consents and Notices of Requirement (NOR).

WAKA KOTAHI NZ TRANSPORT AGENCY

FILE 506207-0490-REP-NN-0059.DOCX | 9/06/2021 | REVISION 4 | PAGE 1

Figure 1-1 Approximate extents of P2B. Focus of this Report is Stage 1B1. Source: Aurecon NZ Ltd

1.3

Purpose of this Report

This report on coastal physical processes forms part of a suite of technical reports prepared for the Project. Its
purpose is to inform the AEE for:
◼

Resource consents for regional plan matters in the Auckland Unitary Plan (Operative in Part) 2016 (AUP).

Coastal processes are not a matter for consideration in a NOR and so do not need to be addressed in the context of
any NOR required for the Project. The purpose of this assessment is therefore restricted to an assessment of the
regional and regional-coastal plan matters in the AUP relating to coastal processes and climate-change effects in
respect of the Project.
In respect of coastal physical processes, the sole component of the Project that is relevant to this assessment is the
works associated with the Jesmond bridge on Bremner Road crossing over the tidal section of Ngakoroa Stream
(Figure 1-2).
This report assesses both the effects of the Project works on coastal physical processes and the effect of coastal
hazards and climate change on the Project works, and recommends mitigation, avoidance or management measures
to address any actual or potential adverse effects.
The purpose of this report is to:
WAKA KOTAHI NZ TRANSPORT AGENCY
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◼

Identify the existing and future coastal environment within the Project area;

◼

Assess the effects of construction and lifecycle operation of the Project works; and

◼

Recommend mitigation and management measures to address potential adverse effects of activities.

This report will provide recommendations determined appropriate to manage the effects on coastal processes, and
effects arising in relation to climate change and sea-level rise (SLR) over a 100-year lifecycle of the Project.
This report also refers to the technical appendices to the AEE and Appendix A of this report, which contains technical
supporting material prepared by the Author to supplement this assessment.
In assessing the effects on coastal processes, the main elements associated with the proposed works that are
assessed in this report are:
◼

During the construction phase, the effects of:
− Adjacent land, stream-bed and water disturbing activities and potential suspended-sediment and
construction-debris discharges on the coastal environments.
− Physical interference of the flow from temporary staging structures.

◼

During the operation phase, the effects of:
− The presence of permanent pile infrastructure in the coastal or stream environments.
− Stormwater discharges on stream-beds and turbidity.
− Flood/storm-tide hazards and sea-level rise on flood conveyance under the new bridge.

Figure 1-2 Area of SH1 centred around Ngakoroa Stream leading into Drury Creek, and the Jesmond Bridge crossing
forming part of the Project. Note: the dashed dark blue line is the CMA boundary from the AUP overlays.
Background aerial map from 2017 series. Source: Auckland Council GeoMaps.
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1.4

Statutory Requirements

1.4.1

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

The key relevant sections of the FTA in relation to land and coastal marine area disturbing activities and effects rising
from climate change are:
◼

Schedule 6, section 34(1) – “A panel may decline a consent application or cancel a notice of requirement for a
listed project, but only on the following grounds:
(a) that the panel considers that granting a resource consent or confirming or modifying a notice of
requirement, with or without conditions, would be inconsistent with any national policy statement, including
a New Zealand coastal policy statement.
(b) that the panel considers that granting a resource consent or confirming or modifying a notice of
requirement, with or without conditions, would be inconsistent with section 6 (Treaty of Waitangi).”

◼

Section 6 of the FTA requires the decision to be consistent with the principles of the Treaty of Waitangi and with
any relevant Treaty settlements.

1.4.2

The New Zealand Coastal Policy Statement

The NZCPS is the operative national coastal policy statement under the RMA. The purpose of the NZCPS is to state
policies to achieve the purpose of the RMA in relation to the coastal environment of New Zealand. The relevant
objectives and policies of the NZCPS in relation to coastal physical processes and effects of climate change, from
the activities and operation of the Project works, are set out as follows:
Objective 1:
To safeguard the integrity, form, functioning and resilience of the coastal environment and sustain its ecosystems,
including marine and intertidal areas, estuaries, dunes and land, by:
◼

Maintaining or enhancing natural biological and physical processes in the coastal environment and recognising
their dynamic, complex and interdependent nature; …..

Objective 3:
To take account of the principles of the Treaty of Waitangi, recognise the role of tangata whenua as kaitiaki and
provide for tangata whenua involvement in management of the coastal environment by:
◼

…

◼

recognising and protecting characteristics of the coastal environment that are of special value to tangata
whenua.

Policy 1 (Extent and characteristics of the coastal environment):
(1) Recognise that the extent and characteristics of the coastal environment vary from region to region and locality
to locality; and the issues that arise may have different effects in different localities.
(2) Recognise that the coastal environment includes:
(a) the coastal marine area;
….
(c) areas where coastal processes, influences or qualities are significant, including coastal lakes, lagoons, tidal
estuaries, saltmarshes, coastal wetlands, and the margins of these;
(d) areas at risk from coastal hazards;
…
WAKA KOTAHI NZ TRANSPORT AGENCY
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(h) inter-related coastal marine and terrestrial systems, including the intertidal zone; and
(i) physical resources and built facilities, including infrastructure, that have modified the coastal environment.
Policy 3 (Precautionary approach):
(2) In particular, adopt a precautionary approach to use and management of coastal resources potentially
vulnerable to effects from climate change, so that:
(a) avoidable social and economic loss and harm to communities does not occur;
(b) natural adjustments for coastal processes, natural defences, ecosystems, habitat and species are allowed to
occur; and
(c) the natural character, public access, amenity and other values of the coastal environment meet the needs of
future generations.
Policy 6 (Activities in the coastal environment):
(1) In relation to the coastal environment:
(a) recognise that the provision of infrastructure, the supply and transport of energy including the generation and
transmission of electricity, and the extraction of minerals are activities important to the social, economic and
cultural well-being of people and communities;
(b) consider the rate at which built development and the associated public infrastructure should be enabled to
provide for the reasonably foreseeable needs of population growth without compromising the other values of the
coastal environment;
(2) Additionally, in relation to the coastal marine area:
(e) promote the efficient use of occupied space, including by:
(ii) requiring the removal of any abandoned or redundant structure that has no heritage, amenity or reuse
value;
Policy 10 (Reclamation and de-reclamation):
(4) De-reclamation of redundant reclaimed land is encouraged where it would:
(a) restore the natural character and resources of the coastal marine area; and
(b) provide for more public open space.
Policy 22 (Sedimentation):
(1) Assess and monitor sedimentation levels and impacts on the coastal environment.
…
(4) Reduce sediment loadings in runoff and in stormwater systems through controls on land use activities.
Policy 23 (Discharge of contaminants):
(1) In managing discharges to water in the coastal environment, have particular regard to:
(a) the sensitivity of the receiving environment;
(b) the nature of the contaminants to be discharged, the particular concentration of contaminants needed to
achieve the required water quality in the receiving environment, and the risks if that concentration of
contaminants is exceeded; and
(c) the capacity of the receiving environment to assimilate the contaminants;
and:
(d) avoid significant adverse effects on ecosystems and habitats after reasonable mixing;
WAKA KOTAHI NZ TRANSPORT AGENCY
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(4) In managing discharges of stormwater take steps to avoid adverse effects of stormwater discharge to water in
the coastal environment, on a catchment by catchment basis, by:
(b) reducing contaminant and sediment loadings in stormwater at source, through contaminant treatment and by
controls on land use activities;
Policy 24 (Identification of coastal hazards):
(1) Identify areas in the coastal environment that are potentially affected by coastal hazards (including tsunami),
giving priority to the identification of areas at high risk of being affected. Hazard risks, over at least 100 years,
are to be assessed having regard to:
(a) physical drivers and processes that cause coastal change including sea level rise;
(b) short-term and long-term natural dynamic fluctuations of erosion and accretion;
(c) geomorphological character;
(d) the potential for inundation of the coastal environment, taking into account potential sources, inundation
pathways and overland extent;
(e) cumulative effects of sea level rise, storm surge and wave height under storm conditions;
(f) influences that humans have had or are having on the coast;
(g) the extent and permanence of built development; and
(h) the effects of climate change on:
(i) matters (a) to (g) above;
(ii) storm frequency, intensity and surges; and
(iii) coastal sediment dynamics;
taking into account national guidance and the best available information on the likely effects of climate change
on the region or district.
Policy 25 (Subdivision, use, and development in areas of coastal hazard risk):
In areas potentially affected by coastal hazards over at least the next 100 years:
(a) avoid increasing the risk of social, environmental and economic harm from coastal hazards;
…
(d) encourage the location of infrastructure away from areas of hazard risk where practicable;
1.4.3

The National Policy Statement for Freshwater Management 2020

While largely focused on overall water quality and health of freshwater systems, the National Policy Statement for
Freshwater Management contains policies which relate to the coastal marine area including estuaries.
Relevant provisions in relation to coastal physical processes, from the activities and operation of the Stage 1B1
works, are:
Policy 7:
The loss of river extent and values is avoided to the extent practicable.
Clause 3.24, which requires regional councils to include the following policy (or words to the same effect) in its
regional plan(s):
The loss of river extent and values is avoided, unless the council is satisfied:
(a) that there is a functional need for the activity in that location; and,
WAKA KOTAHI NZ TRANSPORT AGENCY
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(b) the effects of the activity are managed by applying the effects management hierarchy.
Under schedule 6, section 34(1) of the FTA, the principles of the Treaty of Waitangi are relevant to this
application. However, the relevant iwi authorities for Stage 1B1 (as defined under the Act) have not
identified any specific matters relevant to matters of coastal processes, climate change effects, or any
Treaty principles relevant to coastal processes], (acknowledging however that there are Treaty principles
relating to engagement which are relevant to the entire application and its effects, including coastal
processes and climate change effects. This is addressed further in the AEE for Stage 1B1 regarding the
engagement process undertaken with Mana Whenua).
1.4.4

Part II (RMA)

The most relevant assessment criteria from Part 2 of the RMA for coastal physical processes are:
◼

6(h): the management of significant risks from natural hazards;

◼

7(i): the effects of climate change.

WAKA KOTAHI NZ TRANSPORT AGENCY
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2

EXISTING AND FUTURE ENVIRONMENT

At the south-eastern extremity of Manukau Harbour, Drury Creek extends ~8.5 km to the south of Pahurehure Inlet
before bifurcating between Otūwairoa Creek (Slippery Creek) and Ngakoroa Stream adjacent to SH1. Due to the
large distance of ~45 km from Manukau Harbour Entrance (Tasman Sea) to Jesmond Bridge and the shallow water,
the tide exhibits a considerable time lag of 1 hour 25 minutes to 2 hours 20 minutes in the upper tributaries of Drury
Creek, relative to the tide change at the entrance.
The Coastal Marine Area (CMA) extends up the side arm Ngakoroa Stream of Drury Creek to the northern (seaward)
side of the existing Jesmond Bridge (over Ngakoroa Stream), coinciding with the Significant Ecological Area – Marine
1 overlay in the AUP (Figure 2-1). Further upstream from the northern side of the existing bridge,
freshwater/terrestrial policies and standards in the AUP apply, in particular those in the Significant Ecological Area –
Terrestrial overlay (Figure 2-1).
The existing AUP (artificially) divides Ngakoroa Stream between the CMA and “freshwater” at this point, when both
co-exist. However, the “freshwater” section of Ngakoroa Stream upstream of the existing bridge exhibits definite tidal
and salinity characteristics (see below). Therefore, this assessment assumes the tidal-stream south of the bridge is
also part of the coastal environment as defined in NZCPS1. In any case, over the 100-year operational life cycle of
the Jesmond Bridge (over Ngakoroa Stream), it is likely the functional CMA planning boundary will need to migrate
upstream with ongoing SLR.

1

As defined in Policy 1, NZ Coastal Policy Statement (2010) – NZCPS
WAKA KOTAHI NZ TRANSPORT AGENCY
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Figure 2-1 Designated Significant Ecological Areas (SEAs) for Ngakoroa Stream in the AUP. The green crossed area
marks the Terrestrial SEA (530b) upstream of the Jesmond Bridge and the blue crossed area marks the Marine–1
SEA (29b) in the lower Ngakoroa Stream and confluence with Drury Creek. The dark blue line delineates the CMA.
Source: AUP GeoMaps layers and Section D9 (AUP)

The geomorphologic setting for the tidal section of Ngakoroa Stream comprises a deeply incised meandering channel
with relatively narrow intertidal areas and vegetated upper-tidal terraces backed by steep cliffs. A comparison of two
aerial photographs respectively from 1961 and 2017 (section 3, Appendix A) shows the flanking intertidal vegetation
has expanded slightly, but essentially the dendritic drainage patterns off the intertidal flats and general meander
morphology appears to have changed little over the intervening half century with the existing bridge in place. This
conclusion was also reached independently by Dahm (2016) for the Auranga Development west of the bridge, which
in his assessment there has been little historic morphological change overall.
Generally silty-sand sediments are present on the intertidal and upper-tidal areas (section 3, Appendix A), especially
adjacent to the existing bridge, but with a significant silt component in sediments on the upper intertidal area. The silt
component has the potential to generate substantial turbidity when disturbed while submerged.
On the eastern bank adjacent to the Drury Sports Complex grounds, just upstream of the existing bridge, there is
considerable scouring and slumping from progressive damage of the deteriorating stormwater pipe from the southern
side of the SH1 Bremner Road Overbridge, which is exacerbated by the dam effect of the remnant concrete walls
from an old swimming pool on the bankside of Ngakoroa Stream. The Project represents an opportunity to rectify this
legacy issue within the Project area at the same location as the new stormwater outlet.
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The landward extent of the tidal influence in Ngakoroa Stream, expressed as the salinity incursion at high tide, ends
approximately 1.1 km upstream from the existing bridge, under the Great South Road Bridge over the NIMT railway
for base river flows (section 3, Appendix A). Tidal surface water level fluctuations (caused by freshwater backing up
behind the tidal water), will extend somewhat further upstream into the lowland freshwater section of the stream.
The existing bridge on Bremner Road over the Ngakoroa Stream (Jesmond Bridge), which was built in 1968–69, is
part of the existing environment to be considered when assessing effects, particularly the changes in effects from a
new traffic and shared-use pathway (SUP) bridges, in tandem with the removal of the existing bridge. The average
soffit2 and deck levels of the present bridge (ranges in brackets), which dips down to the westward end, are 3.7 m
[3.5–3.92] and 4.2 m [4.06–4.48] NZVD-20163 respectively, which will be compared with the new bridge design for
assessment of flood conveyance. The earliest aerial photograph (May 1942) shows a wooden bridge that was
replaced with the existing concrete Jesmond Bridge in 1968-69. Remnant piles from this previous bridge remain in
the channel, with some posing a water-recreational hazard and may be impeding flood flows by acting as a ‘snag’
for flood-debris.
The lag of the high water at Otūwairoa (Slippery Creek) Bridge (and similarly Jesmond Bridge) relative to Onehunga
Wharf tides varies considerably, ranging from a 40-minute lag for small neap tides up to 95 minutes for perigeanspring (king) tides. Spring-tide high tides are lower by up to 0.15 m at Otūwairoa and Jesmond Bridges compared
with Onehunga Wharf, due to spring-tide dissipation up Drury Creek. From the Otūwairoa tide-gauge measurements,
a pragmatic Mean High Water Spring level, exceeded by only 10% of all high tides (MHWS-10), for the Jesmond
Bridge site is 1.72 m and the highest king tide (excluding weather and SLR) is 2.00 m (both to the NZVD-2016 datum).
The analysis (section 3, Appendix A) shows present-day storm-tide4 levels (e.g. 2% and 1% annual exceedance
probability levels of 2.59 and 2.68 m NZVD-2016), estimated for Onehunga Wharf (#16) in the Stephens et al. (2016)
report for Auckland Council, can be applied directly, without adjustments, to the design of the new Jesmond Bridge.
For the future, there is widening uncertainty towards the end of this century and beyond regarding what SLR will
transpire in response to global efforts to curb carbon emissions. I have used the 4 SLR scenarios out to 2120 (100year timeframe) in the MfE (2017) coastal hazards and climate change guidance, which is presently regarded as “..
national guidance and the best available information ..” under Policy 24 of the NZCPS. Table 2-1 lists the storm-tide
levels by 2120 for each SLR scenario applicable to the Jesmond Bridge, also incorporating a small vertical land
movement trend of subsidence in Auckland of -0.56 mm/year. This range of values for future storm-tide levels can
then be used for “stress-testing” the Jesmond Bridge design, as outlined in this assessment (next section) as
recommended by MfE (2017).
Given the Jesmond Bridge is sited towards the upper tidal reaches of Drury Creek (off Manukau Harbour) and in a
narrow, confined, channel, there is an interplay between river floods in the Ngakoroa Stream that coincide with coastal
conditions generating storm-tides. In this upper-reach location, either an extreme storm-tide or an extreme river flood
will be the dominating influence of extreme water levels (not both occurring concurrently). In such upper reaches of
tidal rivers, NIWA’s experience in modelling the river and storm-tide combinations generally show that the stormsurge influence is invariably “washed out” by moderate to high river floods (e.g. McBride et al., 2017).

2

Defined as the underside level of a bridge, which determines the upper surface of the waterway under the bridge.
Levels are generally provided in terms of NZ Vertical Datum-2016 (NZVD-2016).
4 Storm tide = high tide + storm surge (low pressure & wind set-up) + month-to-month variation in mean sea level.
3
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Table 2-1

Range of future storm-tide levels (m; NZVD-2016) at 2120 for different SLR scenarios from MfE (2017)
coastal guidance for a normal base flow in Ngakoroa Stream and including a small trend of long-term
landmass subsidence for the Auckland area (see section 3, Appendix A).

Storm-tide levels [2120]

2% AEP (ARI 50 yrs) [m]

1% AEP (ARI 100 yrs) [m]

RCP2.6 M SLR scenario

3.20

3.29

RCP4.5 M SLR scenario

3.32

3.41

RCP8.5 M SLR scenario

3.71

3.80

RCP8.5 H+ SLR scenario

4.01

4.10
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3

ASSESSMENT OF EFFECTS

The following sections detail the assessment of temporary and permanent Project works, associated with the
Jesmond Bridge, on coastal physical processes in the coastal environment of Ngakoroa Stream, and also the effect
of climate change and coastal hazards on the operational lifecycle utility of the new bridge and associated permanent
works, to avoid increasing the risk from climate change and SLR.

3.1

Assessment scope and criteria

Both temporary effects during construction/demolition and declamation and those long-term effects that may accrue
over the 100-year operational life of the Project are considered separately in this section.
In respect of coastal physical processes, the sole component of the Project that is relevant to this assessment is the
works associated with the new Jesmond Bridge (including the cycleway and footpaths) over the tidal section of
Ngakoroa Stream. It includes demolition of the existing bridges (including piers/piles) and declamation of the existing
abutments (Figure 3-1).
Coastal physical processes broadly includes tidal flows, sediment transport and stream-bed scour, geomorphology
change, coastal hazards and climate change effects, particularly SLR.

Figure 3-1 Sub-structure of the existing traffic bridge and shared-use-path bridge (left) and western abutment in the
relation to the sub-tidal channel at low tide on 19-June-2020 (looking westward). Remnant bent pile from a
previous bridge is shown in mid-channel. Credit: Rob Bell, NIWA

This assessment of effects of the Jesmond Bridge over the operational lifecycle of the Project on coastal physical
processes, describes and assesses the longer-term effects that potentially could affect these processes and the
effects of short-term construction activities.
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A key requirement for this coastal-processes assessment is the planning/life-cycle timeframe. Effects over the
operational life-cycle of 100 years (i.e. by 2120) were considered, which is also a requirement of the NZCPS (Policies
24–25, 27) to assess physical effects on the coastal environment and the effects of climate change on coastal
hazards over “at least 100 years”. Extended projections of SLR and storm-tide levels out to 2150 are also provided
for context (contained in section 3 of Appendix A).
Key statutory criteria used for assessing coastal physical processes are (using underlining emphases):
◼

The Covid-19 Recovery (Fast-track Consenting) Act 2020, which directs to Part II matters in the RMA and
adhering to the principles associated with the Treaty of Waitangi. In assessing coastal physical processes,
natural coastal hazards and climate change effects, section 6(h), 7(f, i), as outlined in Section 1.4, are most
relevant for this assessment;

◼

NZ Coastal Policy Statement (2010) matters – specifically the following criteria to assess against (underlining for
relevant aspects):
− Objective 1— Safeguard the integrity, form, functioning and resilience of the coastal environment …. by
maintaining or enhancing natural biological and physical processes in the coastal environment and
recognising their dynamic, complex and interdependent nature …;
− Policy 3 (Precautionary approach)— In particular, adopt a precautionary approach to use and management
of coastal resources potentially vulnerable to effects from climate change, so that: … (b) natural adjustments
for coastal processes, natural defences, ecosystems, habitat and species are allowed to occur;
− Policy 6 (Activities in the coastal environment) — In relation to the CMA: (e) promote the efficient use of
occupied space, including by: (ii) requiring the removal of any abandoned or redundant structure that has no
heritage, amenity or reuse value;
− Policy 10 (Reclamation and de-reclamation) — Sub-section (4) states that de-reclamation of redundant
reclaimed land is encouraged where it would: (a) restore the natural character and resources of the coastal
marine area;
− Policy 22 (Sedimentation) — Require that … development will not result in a significant increase in
sedimentation in the CMA …;
− Policy 23 (Discharge of contaminants) — Sub-section (1) applies to the discharge of contaminants (which
generally includes fine silts and muds) and the need to avoid significant adverse effects after allowing for
reasonable mixing (using the smallest mixing zone necessary …);
− Policies 24 and 25 (Coastal hazards, climate change and development in areas of coastal risk) — Requires
assessment of the effect of coastal hazards and climate change over at least a 100-year timeframe, taking
into account national guidance and the best available information. Policy 25 requires avoidance of increasing
the risk of social, environmental and economic harm from coastal hazards;

◼

The National Policy Statement for Freshwater Management 2020 (NPS:FM) also contains values to be
considered in freshwater bodies – the most relevant for physical processes in the coastal environment, are in
relation to:
− The natural location of a water body and course of a river, to ensure the loss of river extent is avoided (Policy
7 and 3.24 of NPS:FM); and
− Management of fine sediment (similar to Policy 22, NZCPS).

In assessing effects physical effects on the coastal environment, I also aligned the assessment to relevant AUP
policies, and standards (rules) related to the SEA-Terrestrial overlay for streams and wetlands in Chapter E3 of the
AUP, which mostly also apply to the SEA-Marine 1 overlay (Chapter F: Regional Coastal Plan), with the respective
designated SEA areas shown either side of the Jesmond Bridge in Figure 2-1.
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There are no quantitative environmental assessment criteria for assessing and determining the degree of effects 5
(e.g. negligible, moderate, significant) on hydrodynamic and sedimentation processes or estuarine geomorphology.
This assessment therefore relies on a combination of general and statutory criteria, AUP provisions and national
guidance, built on site-specific observations and expert assessment and peer review (see methodology in section 2,
Appendix A).
In assessing the effects on coastal physical processes, I used the following five effects categories (relative to the
existing coastal environment) in determining consistency with national policy instruments and the Part II matters of
the RMA:6
◼

Positive (beneficial) outcome.

◼

Neutral (no change envisaged).

◼

Negligible effect – would be difficult to discern or monitor such an effect over and above natural variability in the
existing and future environment.

◼

Moderate effect – between a negligible and significant effect, which can include future potential effects from
natural hazards compounded by climate change and SLR, or cumulative effects, where some mitigation would
be required in the design, remediation, monitoring or otherwise, to minimise or avoid the effect.

◼

Significant (adverse) effect – where substantial mitigation is required in the design, remedial works or otherwise
to minimise, offset or avoid adverse component of the effect.

The overview of the proposed design for the Jesmond Bridge is shown in Figure 3-2 and described in more detail in
the Design and Construction report in Appendix C of the AEE. It comprises two spans – a short 15m span on the
eastern side (to ensure bridge piles avoid the main tidal channel) and a longer 28-35m length through to the slanted
western abutment (to reduce construction constraints under the long-hung overhead transmission lines).
The landward boundary of the CMA presently is the northern edge of the existing bridge. As the proposed 16m wide
bridge is nearly twice the width of the existing bridge (due partly to the separated footpath and cycleway), it
encroaches further north into and above the CMA, while to the south would be a similar extent to the existing shareduse path bridge (cross hatched area in Figure 3-2). Stormwater outlets will be positioned on both east and west
banks on the southern side of the new bridge in the tidal-stream section.
Note: As the new bridge is longer, with abutments further landward on both sides, no reclamations or impoundments,
such as causeways or sheet-piling dams are required in the CMA or the tidal-stream section for either the construction
phase or the operational life-cycle of the Project.

5
6

Meaning of effect is defined in s3 RMA
Effect is defined in s. 3 of RMA
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Figure 3-2 Overview plan of the proposed widened Jesmond Bridge and associated cycleway, footpaths (outer edges
both sides) and pile/abutment groups (circles and dashed black lines) overlain for comparison on the
existing bridge layout and pile groups (light grey lines). Scaling shown in chainage heading east from 180 m to
240 m. The elevation view of this revised design is shown in Figure 3-10. Source: Aurecon NZ Ltd, 22 Oct, 2020

In assessing the effects on coastal physical processes, the main elements associated with the proposed works for
the Jesmond Bridge assessed were:
◼

During the construction phase, the effects of:
− Temporary staging platforms supported on piles in the CMA or coastal environment (including the tidalstream section upstream of the bridge crossing).
− Temporary occupation of the coastal environment.
− Disturbances of soft fine sediments within the tidal-creek channel and adjacent banks and intertidal areas
e.g. pile driving/boring for temporary staging and permanent pile groups.
− De-construction of the existing bridge and SUP bridge piles including the management of construction
debris.
− Declamation of the eastern and western abutments and associated embankments of the existing bridge.

◼

Effects on coastal physical processes during the operational life-cycle, and specifically the effects of:
− New Jesmond Bridge, particularly support structures, such as piers/piles and the soffit elevations in relation
for flood conveyance.
− The new adjoining road and cycleway/footpath abutments and associated rip-rap protection for the bridge
sub-structure.
− Any additional permanent occupation of the coastal environment (compared with the existing environment).
− Rehabilitating stream banks after declamation of the existing bridge abutments.
− Encroachment by elements of the new Jesmond Bridge, which carries the potential for morphological change
in the tidal-stream regime.
− Stormwater outlets on the southern side of the new bridge on Ngakoroa Stream.

◼

Although not an effect of Stage 1B1, I also considered the potential for coastal flooding to be exacerbated by
climate change as sea level rises, in relation to the elevations of the new bridge/abutments (deck and soffit
levels).
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3.2

Effects of temporary construction, demolition and declamation of the
Jesmond Bridge on coastal physical processes

This assessment of temporary construction effects of the Project (Jesmond Bridge) on coastal physical processes is
framed around specific types of effects and describing and assessing the construction activities (see Design and
Construction Report, Appendix C of the AEE report) that potentially could affect coastal physical processes.
Essential erosion and sediment control measures, to control discharges and stream-bed disturbances as much as
possible at the source, are contained in the Construction Water Erosion Sediment Control (CWESC) Assessment
(contained in Appendix I of the AEE).
My assessment of the temporary effects at different stages over the demolition/declamation and construction phases
(approximately 27 months) focuses on three categories of effects:
a) Functioning of geomorphic and hydrodynamic processes;
b) Sediment disturbances in the coastal environment;
c) Temporary discharges (including debris from demolition processes).
3.2.1

Functioning of geomorphic and hydrodynamic processes

Temporary staging structures to support working platforms would be required for both demolition of the existing
piers/piles and the construction of the new bridge pier and supporting piles (if the existing bridge has insufficient
bearing capacity for the pile boring/driving plant). The main-access and temporary staging area would be launched
perpendicular to the stream flow from the south-eastern bank and supported on steel piles in the stream bed. During
demolition of the existing bridge, additional staging platforms will extend at an angle towards the two existing-bridge
pile groups and pier heads (refer to the Design and Construction Report, Appendix C of the AEE). The steel piles for
staging platforms would have a 0.7 m diameter, which is similar to the existing bridge piles (0.61 m).
Temporary scaffolding or staging would also be erected around the piers and abutments of the existing bridge to
allow piecemeal demolition from top down with small machinery (west side under high voltage lines) or with larger
machinery on the east side.
Steel piles supporting these platforms will temporarily occupy the streambed or seabed (if in the CMA) and the
platforms would temporarily occupy the airspace above the tidal stream. In this assessment I have assumed the
temporary piles sets are aligned with the stream flow to minimise flow impedance and debris trapping during any
flood or storm-tide events.
There is potential for small-scale local scour around these temporary steel piles, as they are positioned within the
main sub-tidal channel and will be situated around the existing pier cross-heads and piles (Figure 3-1), noting the
piles within the main channel would be driven deeper to mitigate the effects of local scour on the integrity of the
temporary structures. Once the temporary steel piles are removed after construction, any remnant local scour holes
in the streambed will be covered over by sediment transport and sedimentation induced by higher spring tide flows
and/or river floods. Therefore, the effect of staging-platform piles on causing local scour will be a temporary negligible
effect.
The piles supporting the staging platforms associated with pier construction or demolition will cause some temporary
impedance to the channel flow at all tidal elevations and for any river floods that eventuate during construction. This
would result in a reduction in the overall net flow area when considering the cumulative flow blockage of the temporary
staging piles, together with the permanent column piles of the new bridge pier as they are successively built as well
as the existing piles being de-constructed (depending on final construction sequencing). Successive sequencing of
the occupation of the streambed by various temporary piles or scaffolding through an Erosion and Sediment Control
Plan would be needed to minimise flow impedance at any one time during the demolition/construction phases.
Temporary staging positioned at higher bank elevations around the east and west abutments (existing and new)
would be unlikely to affect the flow in Ngakoroa Stream, unless a large flood eventuated (which could be alleviated
by emergency preparations following an impending flood forecast).
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The mitigation measures that should be factored into in the construction methodology to minimise the flow impedance
are:
◼

To avoid, where practicable, placing piles in the deepest part of the channel, which is adjacent to the western
side of the eastern pile group of the existing bridge (nearest pile group in Figure 3-1) and the western side of
the new bridge piles (Figure 3-10), where the strongest tidal and flood flows occur; and

◼

Aligning temporary pile groups and the staging platforms approximately with the stream flow direction, which
means they will need to be placed at approximately the same angle as the eastern pile group of the existing
bridge.

These mitigation measures will reduce the overall impedance of any tidal and/or flood flows during demolition and
construction and also reduce the potential local scouring effects as far as practical. With such measures in place, the
temporary-staging piles would present a small, temporary, reduction in flow cross-section below the MHWS-10 level,
assuming close alignment with the local stream flow.
3.2.1.1

Assessment summary

The effect of the temporary-staging piles on flow impedance and geomorphic processes would be short-lived and
negligible overall, assuming minimal staging piles in the deeper part of the channel and pile groups are aligned with
the local stream flow direction.
3.2.2

Sediment disturbances in the coastal environment

Potentially, the key environmental risks to coastal physical processes (and aquatic habitats) are those activities that
can produce sediment disturbances within the coastal environment and subsequent runoff to the CMA or the
upstream tidal stream during:
◼

Removal of the existing abutments.

◼

Any vegetation removal that may be required.

◼

Removal and cutting, to just below the seabed or streambed, of piles supporting the existing bridge and all other
remnant piles from previous bridges.

◼

Driving and extraction of temporary staging steel piles.

◼

Construction of the new abutments and back filling.

◼

Removal of existing rip-rap from the intertidal areas under the existing bridges (Figure 3-1 and Figure 3-4) and
placement of new rip-rap higher up to protect the new abutments.

◼

Pile driving or boring into the seabed or streambed for the new bridge piles.

Fortunately, the potential risk of sediment disturbances leading to runoff, causing elevated turbidity downstream
(depending on the tidal flow direction), can be largely mitigated at source (refer to the CWESC Assessment contained
in Appendix I of the AEE and section 1 in Appendix A).
However, some release of fine-sediment is unavoidable as, for example, fine cohesive material adheres to rip-rap
and piles and unavoidably slumps off into the stream onto the intertidal areas. Similarly, the slow reworking of
newly exposed intertidal muds, where the existing rip-rap has been removed, will mobilise any loose stream-bed
sediments until the uncovered area reaches equilibrium with the tidal flows.
Disturbances of the seabed within the CMA or stream bed channel will occur during the following works:
◼

Driving of piles to support the temporary staging, foundation works for the permanent column piles, boring or
driving the new bridge piles.

◼

Extraction of piles and any associated sheet-piling to remove the temporary staging.

◼

Cutting the eight piles of the existing bridge and those remnant piles from previous bridges.
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These potentially adverse activities in the stream, while localised in extent and short-lived, will still require work
practices and erosion/sediment control measures (see the CWESC Assessment contained in Appendix I of the AEE
and Appendix A) that minimise seabed or stream bed disturbance and hence release of suspended-sediments to
the receiving waters, thereby minimising the effects on existing water clarity from increased turbidity.
The disturbance of the seabed on installation and subsequent removal of the temporary staging and steel piles is
expected to be minimal (including turbidity, after allowing for reasonable mixing) and full restoration of the seabed
and streambed from the disturbances is anticipated within weeks (especially on spring-tides) or higher river flows,
due to both the limited area of disturbance and the moderate peak tidal flows that are present at this location.
The existing bridge piles would be very difficult, if not impossible, to completely remove without causing significant
adverse effects, as this would require pulling them out of the seabed, causing substantial disturbance of the substrate
where they have been in place for over 50 years. During demolition of the existing bridge, piles would be cut as close
to or just underneath the bed level as possible. If the cutting procedure is undertaken by clamping the pile above and
below the cut point, avoiding disturbance of the seabed by keeping the bottom section of the clamp just at the bed
level will mean the cut level will be slightly above the existing bed. However, it is probable that local scour holes exist
around these long-standing piles, so subsequent sedimentation would tend to eventually cover the remnant pile
stumps protruding above the bed level (but which maybe temporarily re-exposed during extreme river floods posing
a negligible effect on the geomorphology of Ngakoroa Stream).
3.2.2.1

Assessment summary

Potentially, pile or sheet-pile driving or extraction and rip-rap removal or placement activities could cause localised
release of suspended-sediments to the receiving waters from riverbed disturbances. Work practices and
erosion/sediment control measures (detailed within an Erosion and Sediment Control Plan) that minimise seabed or
streambed disturbance, would therefore minimise the short-lived effects on existing water clarity from increased
turbidity to be negligible.
For removal of the piles from the existing bridge and remnant piles from previous bridges, if piles are cut at or just
above the existing seabed or streambed, I have assessed these temporary effects on coastal processes as being
negligible.
3.2.3

Discharges to the coastal environment

Environmental effects on coastal physical processes (and aquatic habitats – refer to the Ecological Assessment
contained in Appendix P of the AEE) can arise from intermittent discharges or runoff (considered in the previous subsection) to the CMA or the upstream tidal stream of Ngakoroa Stream. Intermittent discharges would arise from:
◼

Permanent and temporary piles – for any dewatering required.

◼

Abutment works –from drainage flow paths towards receiving water environments from stormwater and
dewatering.

◼

Temporary staging platforms – runoff from staging or scaffolding decks.

◼

De-construction – discharges from concrete cutting processes, dust, concrete/steel debris.

In assessing temporary discharges that directly or indirectly pose a risk to the Ngakoroa Stream, I have assumed the
use of best practicable options for erosion and sediment control and management and treatment (ideally off-site) of
intermittent discharges at source (refer to CWESC Assessment contained in Appendix I of the AEE and the Design
and Construction Report contained in Appendix C of the AEE). This approach diminishes the reliance on reasonable
mixing in the receiving water environment to reduce the effects from elevated turbidity, which is consistent with Policy
23(1) of the NZCPS.
Bridge de-construction is a specialist area of expertise and there are a number of methodologies that could be
employed. The contractor will develop their own preferred methodology and mitigation measures (e.g., dust and
debris controls) for removal of the bridge superstructure and piers/piles. However, it is envisaged (refer to the Design
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and Construction Report, contained in Appendix C of the AEE) that the contractor will install a temporary staging
platform for personnel and light machinery to access the abutment on the western side of the existing bridge
(constrained by overhead power lines) and with heavy machinery working on and from the eastern abutment. The
bridge superstructure will be removed span by span through supporting and saw-cutting sections of the deck to be
lifted out by crane positioned on the existing bridge or abutments, followed by removal of the cross-head pier caps
and piles.
Removal of previous backfill and concrete works on the existing abutments to the existing bridge during the
declamation process is necessary, especially on the eastern abutment (Figure 3-4) to free up waterway space for
extreme flood and storm-tide flows and restore the coastal environment and CMA (Policy 10(4)–NZCPS). Similar to
bridge de-construction, the contractor will develop their own preferred methodology and mitigation measures (e.g.,
dust and debris controls) for removal of the previous fill and structural elements in the abutments, which are above
MHWS-10, to return to the original bank profile that is more streamlined with the adjacent banks upstream and
downstream of the new Jesmond Bridge.
3.2.3.1

Assessment summary

Intermittent and sometime unavoidable small direct and indirect discharges (including debris and dust) to the coastal
environment are anticipated during the construction. This may include removal of the existing bridge and declamation
of the adjacent abutments, or construction of the new abutments. These small discharges would have a negligible
short-lived effect of coastal physical processes on the basis that debris and dust controls and treatment or sediment
/erosion sediment controls for stormwater or dewatering are in place to minimise runoff, turbidity, debris/dust and the
exit velocity of any overland discharges into the CMA or tidal stream. Such mitigation, incorporating sediment and
erosion control measures and works practices, should be defined in an Erosion and Sediment Control Plan.

3.3

Operational effects of Stage 1B1 during the operational life-cycle on
coastal processes

This section covers the longer-term effects of the Project on coastal processes within the coastal environment, which
covers both the CMA (i.e. intertidal and sub-tidal7 waterways), the tidal-stream channel (south of the existing bridge)
and covering adjoining land margins along Ngakoroa Stream, where overland flows or sediment disturbances are
able to drain into the stream.
Assessing long-term physical effects on coastal processes is grouped in this sub-section to cover the following:
◼

Physical encroachment of bridge sub-structural elements into either the CMA, the tidal-stream, or the peripheral
coastal environment.

◼

Ongoing influences or changes to coastal processes, which include stream currents and tides, streambed scour,
geomorphology changes, fine silty sediment generation and turbidity, edge effects of riprap and bridge
abutments and the physical effects of permanent stormwater outlets. Note: due to the sheltered environment
within Ngakoroa Stream, wind waves are not considered to be a significant coastal process so are not included
in this assessment.

Assessments were carried out for both these groupings relative to the existing environment outlined in section 2 of
this report and section 3 of Appendix A, including the existing Jesmond Bridge and supporting structures.
The degree of potential long-term effects assessed are derived for the following elements of the Project entirely
focused on the Jesmond Bridge (as the only component of the Project that has a connection to coastal processes):
◼

Piles/piers and bridge span/width – Occupation of stream-bed, tidal flows and flushing.

◼

Piles/piers – Long-term scour around piles and rip-rap.

7

Sub-tidal is here defined as the channel below mean low water that is more or less permanently submerged.
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◼

Piles/piers, abutments and bridge soffit – Geomorphic changes and waterway flood conveyance.

◼

De-construction of existing bridge and support structures – Changes to piles and abutments in the waterway.

3.3.1

Physical encroachment and flow impedance of the coastal environment

For the Jesmond Bridge, the degree of physical encroachment is related to three key bridge components:
3.3.1.1

Pile/pier orientation

The proposed design for the new 45m Jesmond Bridge (Figure 3-2) includes only one set of four piles, supporting
the single bridge pier. The proposed pile set is located east of the eastern pile group of the existing bridge, traversing
the area of existing rip-rap (refer Figure 3-1, Figure 3-4 andFigure 3-5) at a slightly different angle (4° more to the
north – see Figure 3-2).
This proposed positioning of the pile group was revised from an earlier bridge design, which positioned the piles in a
skewed alignment further out into the main channel, thus mitigating a potential significant effect on encroachment
and flow impedance in the sub-tidal channel. The finalised position and alignment of the pile group (Figure 3-2) was
therefore dictated in the final design (as described in the Design and Construction Report, contained in Appendix C
of the AEE) by:
◼

The need to avoid placement of the new-bridge piles in the main channel.

◼

The practical constraint, that while the existing piles will be cut at the stream-bed level and removed,
nevertheless the buried pile stumps remain unusable for inserting new piles.

3.3.1.2

Bridge width

The width of the new bridge is approximately 16m, which is consistent with the standard (rule) in E3.6.1.16 of the
Natural Resources8 section of the AUP that the total ‘length’ of the structure (parallel to the stream flow i.e. bridge
width) must not exceed 30m, excluding scour and erosion management works.
The new 2-lane bridge, incorporating footpaths either side and a cycleway, will be positioned over the top of the
current bridge alignment (Figure 3-2), with the existing bridge having been demolished first. However, the proposed
wider bridge would encroach somewhat more north into the CMA (due to the cycleway on the northside) than it does
into the tidal-stream section to the south. This means the proposed bridge further encroaches on the presentlydefined CMA and Marine 1 SEA overlay as well as slightly further upstream (Figure 2-1).
3.3.1.3

Bridge length

The new longer-bridge design contrasts with the existing bridge, which has a total length of 29m (central span of only
10.7m) and is supported by the existing two sets of 4 piles, which encroach on the edges of main sub-tidal channel
(Figure 3-1).
As the new bridge is longer than the existing structure, the abutments are higher up on the flanks of the coastal
environment than is presently the situation (Figure 3-2), which will improve conveyancing of high flood flows.
3.3.1.4

Physical encroachment

Encroachment of the intertidal streambed occupied by the group of four piles (diameter of 1.2m) for the new wider
bridge will require a permanent occupation of 4.5m2, straddling somewhat more of the present CMA and coastal
environment (above MHWS-10) and tidal-stream section than the existing bridge piles (Figure 3-3).
This area of occupation by the new larger piles is somewhat more than the stream bed occupation of the present two
groups of piles of the existing bridge, which occupy a combined 2.4m2 of the stream bed (excluding rip-rap) that

8

https://unitaryplan.aucklandcouncil.govt.nz/images/HTML/UPOperative2016.html#
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currently encroaches on the sub-tidal channel or lower intertidal streambed (Figure 3-1 and Figure 3-3). However,
while the new piles will occupy more of the stream bed, this will largely be outside the main sub-tidal channel (in
contrast to the existing situation) and mostly on the intertidal flanks of the eastern bank.
Further, removal (during the demolition phase) of the remnant piles from the original pre-1968 bridges that remain in
the main channel or intertidal areas (see Figure 3-1 showing one of these concrete piles in mid-channel that creates
a recreational hazard), provides an opportunity for the Project to also reduce encroachment of the sub-tidal channel
and obstruction of the waterway flow area under the bridge crossing.
Including removal of all pre-existing piles (i.e., existing and original bridges), the net change in permanent occupation
area of the streambed from piles supporting the new bridge is slightly positive (beneficial), relative to the existing
environment. This is because there is only one pile group, which, will be located higher up in the intertidal area
currently occupied by rip-rap (Figure 3-4). As such, it largely meets the criterion in E3.6.1.16 of the AUP, where
“Piles must not be located in, on or under the bed of the …. stream or wetland” and F2.14.2(5)(b) of the Coastal
Chapter within the AUP.
3.3.1.5

Flow obstruction

With the revised bridge design, encroachment of the entire waterway cross-sectional area (and therefore flow
impedance) will increase somewhat from the existing situation, through a larger horizontal projected flow area of the
new larger-diameter piles, but as this new pile group is located higher up on the intertidal flanks of the eastern side
of the channel (Figure 3-3), it will only impede flows at higher tide levels (and floods or storm-tides) compared with
the all-tide impedance of the existing-bridge piles.
From my field observations, the stream flows locally under the existing bridge are approximately parallel to the
existing pile groups (Figure 3-1). On that basis, the single group of larger-diameter (1.2 m) piles for the new bridge
(aligned 4° further away from the main flow than the present piles) presents a lower (by 25%) projected area impeding
the normal tidal flow than the existing-bridge piles in the two pile groups (Figure 3-3) (refer to section 3 of Appendix
A9) Even though the new piles are larger in diameter, the length of pile submerged by a high-tide flow is less than
the existing piles, as the new piles are located further up the intertidal area. This difference in projected flow area
between the existing and new piles will effectively be the same (neutral), when taking into account future rises in sea
level (as tidal flows will reach higher up the larger side-bank piles for the new bridge).
Accordingly, the positioning of the new bridge pile group east further up the intertidal area is positive (beneficial) for
flow encroachment, in relation to removal of existing bridge piles (including remnant piles from previous bridges) out
of the main channel.

9

Further, assumes western pile group is 0.5 m above mean low-water spring and eastern pile group is 0.3 m below mean low-water
spring, based on field observations of the tide state.
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Figure 3-3 Schematic of pile layout for the existing bridge (small light-grey circles) and proposed bridge (dark circles),
with the latter skewed slightly eastward at 4° to the existing eastern pile group, with arrows indicative of
flow direction (ebb tide). Dashed line shows the approximate edges of the sub-tidal channel at mean low water.
Approximately to scale.

Both the eastern and western abutments of the new Jesmond Bridge, particularly the latter, will be positioned more
landward and further above MHWS-10 than the existing bridge abutments (Figure 3-2). The design of the piled
footings for these high-placed new abutments would also considerably reduce the extent of rip-rap protection that is
needed in the active tidal waterway, and would facilitate the removal of the existing rip-rap boulders which encroach
on the CMA and intertidal area under the existing bridge (Figure 3-4), including the rip-rap boulders that appear to
have moved downstream on the eastern bank during flood events (or are remnants from the original bridge). While
not formally in the CMA, but still in the coastal environment, the new higher-placed abutments and any adjoining riprap for the new Jesmond Bridge, will provide a positive outcome (benefit) of providing more lateral space for the
Ngakoroa Stream waterway under the new bridge during extreme storm-tide and/or river flood flows, including the
flows straddling spring high tides under a higher mean tide level as sea level rises.
Declamation of the existing eastern and western bridge abutments and associated backfill (comprising footprint areas
of approximately 140 and 180 m2, respectively), is proposed as part of the reinstatement and rehabilitation activities
towards the end of the new bridge construction phase. The intention (which will be outlined in an Erosion and
Sediment Control Plan) is to remove the abutments and backfill and re-contour the intertidal and upper banks to a
similar elevation profile as the natural banks north and south of the existing Jesmond Bridge. Figure 3-5 shows
arrows indicating the elevation profile features that would continue through the area previously lost to reclamation
and permanent occupation of the tidal-stream bed, including rip-rap. This action will further streamline the flow
passage of normal tidal and extreme flood flows (accounting for SLR) under the new Jesmond Bridge.
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Figure 3-4 Rock and concrete rip-rap and abutments of the existing SUP and traffic bridges on the eastern bank
(looking downstream – north). Credit: R Bell, NIWA.

3.3.1.6

Assessment Summary

Relative to the existing situation, the proposed configuration (in the revised design) of the new bridge abutments
positioned higher up on the stream banks, together with the removal of piles, abutments and rip-rap from the existing
and original (pre-1968) bridges, will have a positive long-term outcome. This arises from decreasing the impedance
of the bridge sub-structure on flows under situations of river floods, storm-tide events or normal flows straddling high
tide for higher mean sea levels.
A further benefit accrues from the longer bridge creating a wider flood waterway, together with removal of all
redundant structures (including declamation of the existing abutments), piles and rip-rap within the CMA or coastal
environment. This positive effect (beneficial) will persist long-term over the Project lifecycle, including with SLR.
Declamation of the existing abutments to reinstate the more natural intertidal and bank profiles and habitat is
consistent with Policy 10(4) of the NZCPS.
The placement of the pile group of larger 1.2 m diameter piles for the proposed bridge, east of the existing eastern
pile group (Figure 3-3), higher up the intertidal area (eastern bank) results in slightly less flow encroachment than
occurs presently for flows at spring high tide. Even though the new piles are larger in diameter, the length of pile
submerged by a spring high tide flow is 25% less than the existing piles due to their higher bank placement. This
difference in projected flow area between the existing and new piles will effectively be the same (neutral) taking into
account future rises in sea level. This design revision largely meets the criterion in E3.6.1.16 of the AUP, where “Piles
must not be located in, on or under the bed of the …. stream or wetland” and Objective F2.14.2(5)(b) of the AUP
Coastal Plan, and is consistent with Objective 1 of the NZCPS.
There is therefore a positive outcome on the physical functioning and conveyance of tidal, and storm-tide flows in
Ngakoroa Stream under the new, longer and higher bridge, requiring no further mitigation beyond the revised bridge
pier placement for the proposed Jesmond Bridge design (to avoid placement of piles in the main sub-tide channel)
and removal and declamation of remnant or pre-existing structures and bridge abutments.
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Figure 3-5 Indicative re-sculpturing of the intertidal areas and adjacent banks proposed for declamation of the
existing bridge abutments, backfill and rip-rap to reinstate the stream bed. Arrows show continuation of break
lines in the intertidal profiles to connect in with the natural bank morphology north and south of the bridge. Dotted
ellipse shows part of the western abutment embankment that will be removed. Also shows lateral end scour at end
of rip-rap. Credit: R Bell, NIWA. 19-Jun-2020.
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3.3.2

Ongoing influences or changes to coastal processes

3.3.2.1

Bridge sub-structures and rip-rap

The geomorphology of the section of Ngakoroa Stream, either side of the existing bridge, as indicated in section
3.2.1 of this report and section 3 of Appendix A, has been relatively stable over the last 50 years in terms of channel
position, alignment, channel meander pattern and adjoining intertidal banks and tidal dendritic drainage patterns.
Given the overall streambed geomorphology is the cumulative influence of interacting coastal and riverine processes,
the existing bridge substructure (piles and abutments) and associated rip-rap have had little influence overall on
coastal physical processes in the Ngakoroa Stream e.g. tidal flows, tidal flushing and sediment transport in the
channel and adjoining intertidal areas.
However, from my observations and analysis of aerial photography, there is some localised lateral scouring of
channel edge on the south-eastern bank, adjacent to the rip-rap boulders. This has been influenced by the combined
presence of the pile group and more particularly edge effects from the adjoining rip-rap (refer blue line on top panel;
Figure 3-5). With the higher-situated eastern abutment for the proposed bridge, further back from the stream, along
with deep-seated piles for the abutment, and declamation of the existing abutments, means the rip-rap close to the
main channel would be no longer be necessary, providing a positive effect of the longer bridge in relation to the
localised edge scouring from the rip-rap that currently exists.
The positioning of the group of larger bridge piles further eastward up the intertidal flanks for the new bridge design
(Figure 3-2 and Figure 3-3), in tandem with removal of all bridge piles (existing or original) from the main channel,
will lead to mostly positive outcomes compared with the existing situation:
◼

Flow patterns: improvement in relation to impedance of normal tidal flows through the main channel, with the
new bridge pile group further off to the side of the channel. During ebb-tide (outgoing) flows and river floods, the
slightly splayed alignment to the east of the new pile group (Figure 3-3) will also ease more extreme flood flows
around the outside bend of the channel and reduce slightly the backwater effect on upstream water levels in
conjunction with the wider waterway under the longer bridge.

◼

Geomorphological change: removal of piles from the main channel and having shifted the larger new piles off to
the side of the channel in the revised design, means the geomorphological stability of the Ngakoroa Stream
channel will continue unaltered from the present situation (section 2 of this report), with no ongoing influence on
general scour from the new bridge sub-structure that mostly avoids the sub-tidal channel.

◼

Local bridge-pile scour may occur around the base of the larger diameter piles (scour is proportional to
diameter), but this would be limited from piles new positions up on the intertidal flank of the channel arising from
more quiescent ebb and flood-tide flows or even during extreme events that occur on the edge of the channel
(compared to stronger flows in mid channel). In any case, the maximum depth and extent of this local scour will
be highly dependent of the degree of consolidation or cohesiveness of the substrate below the stream bed and
whether it is naturally or artificially armoured by coarser material during floods or storm-tide events or placement
of rip-rap to minimise local scour.

◼

Much more extensive local scour around the new piles has been avoided by revision of the bridge design to
move the bridge pier out of the sub-tidal channel, thus averting potential local scour of up to 1.3–1.8m deep
adjacent to the new piles and extending around twice that horizontally around the pile as an estimate of the top
width of the scour depression (i.e. approximately 2.5–3.5m from the pile circumference) (section 3 of Appendix
A).

◼

The revised bridge design means the development of local scour around the higher-placed piles out of the main
channel would be locally limited and can be mitigated easily with rip-rap around the pile base if required during
the lower half of the tide.

Therefore, the pile group supporting the new bridge is consistent with Objective 1 of the NZCPS (“ Safeguard the
integrity, form, functioning … of the coastal environment … by: Maintaining or enhancing natural biological and
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physical processes in the coastal environment …”). It would also be consistent with the AUP in terms of E3.6.1.16
for the SEA-Terrestrial overlay where “The structure must not cause more than minor bed erosion, scouring or
undercutting immediately upstream or downstream” or in the CMA: “Require structures to be designed to … not
increase rates of coastal erosion” (F2.16.3(8)–Coastal Plan).
These generally positive outcomes of the revised new-bridge design on coastal environment effects would be further
improved by: a) no longer needing the existing rip-rap adjacent to the sub-tidal channel (Figure 3-4 and Figure 3-5);
b) removal from the streambed of remnant piles from previous bridges (Figure 3-1); and (c) for flood events
(especially with ongoing sea-level rise), the higher-placed abutments provide a wider and higher flood waterway
under the new bridge.
3.3.2.2

Assessment Summary

The geomorphology of the section of Ngakoroa Stream, either side of the existing bridge, has been relatively stable
over the last 50 years, indicating the configuration of the existing bridge piles and abutments has had a negligible
influence on coastal physical processes, apart from localised scour on the SE intertidal bank created by edge effects
from the rip-rap.
The proposed longer Jesmond Bridge (Figure 3-2), based on a revised location of the single pile group, overall
presents positive to neutral effects on coastal physical processes including channel geomorphology, relative to the
existing situation.
Positive benefits include:
◼

No longer needing rip-rap adjacent to the sub-tidal channel.

◼

Removal from the streambed of remnant piles from existing and original bridges to improve flow impedance and
recreational safety.

◼

For flood events, taking into account SLR, the higher-placed abutments, due to the longer overall bridge span,
provide a wider flood waterway under the new bridge.

Neutral effects arise from the design revision that positions the group of larger-diameter piles to the east of the
eastern group of existing bridge piles, compared with the present set-up of smaller bridge piles on either side of the
sub-tidal channel. In my opinion, this revised bridge-pile layout will further maintain the channel stability that has
persisted for the last 50 years, with seemingly no apparent influence of the existing set of pile groups (Figure 3-1
and Figure 3-3). This means the new bridge sub-structure, which draws back from placing structures in the sub-tidal
channel, would be consistent with the NZCPS (Objective 1) and AUP for the SEA-overlays (Terrestrial and Marine1) in terms of maintaining coastal physical processes and geomorphic functioning.
3.3.2.3

Stormwater outlets

Chapter F (Coastal Plan) of the AUP adopts a best practicable option strategic approach, as defined in section 2(1)
of the RMA 1991, to prioritise upgrades of infrastructure networks discharging into the CMA and to guide the
assessment of discharge consents (F2.11.1). The focus is to prevent or minimise adverse effects on the environment,
having regard for several matters including the assimilative capacity of the waterbody after reasonable mixing, which
gives effect to the requirements in Policy 23 NZCPS (F2.11.3 – Coastal Plan).
The Stormwater and Hydrology Assessment contained in Appendix G of the AEE describes the terrestrial capture,
transmission, and discharge of stormwater from within the Jesmond Bridge sub-catchment during the operational
lifecycle of Stage 1B1 and the layout is shown in Figure 3-6. The two proposed outlets, via cartridge filters and a
rip-rap apron, are positioned south of the Jesmond Bridge on both eastern and western banks (covered by the
SEA Terrestrial overlay), with the details of the design and water quality and suspended sediment treatment
assessed in Stormwater and Hydrology Assessment. In relation to effects on coastal processes, only the physical
effects of outlet discharges (e.g. erosion) and initial mixing are considered, with the main control on receiving-water
quality and turbidity being treatment and filtering (based on a best practicable option), prior to discharge to the tidal
receiving environment of the Ngakoroa Stream.
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Figure 3-6 General layout of stormwater network and discharge outlets (blue arrows) for the Jesmond Bridge subcatchment. Source: Drawing 506207-0450-DRG-WW-1452[A] (Aurecon NZ Ltd).

Presently, there is no formal stormwater and drainage collector system for the existing Jesmond Bridge and adjoining
roads and embankments within the local catch area, with collection and treatment an improvement on the existing
situation and addresses a pre-existing stormwater issue on the south-eastern bank (refer to foreground in top image
in Figure 3-5).
On the south-eastern bank, adjacent to the Drury Sports Complex grounds, ~40 m upstream of the existing SUP
bridge, there is considerable scouring and slumping of the upper-tide berm from progressive disrepair of the
stormwater pipe from the southern side of the SH1 Bremner Road Overbridge (Figure 3-7). The impact is
exacerbated by the dam effect of the remnant concrete walls from an pre-existing swimming pool on the bankside
(Figure 3-8).
Installation of the proposed stormwater network will collect, treat and discharge this part of the sub-catchment at the
same location within the Project extent (Figure 3-6). This will provide an opportunity to remediate this historic damage
to the stream bank, including removal of elements of the remnant swimming pool and walls to reduce the long-term
effect of ponding of surface and groundwater flow, and halt further bank slumping and trees toppling into the stream.
In relation to mixing of the proposed stormwater discharges from the outlets (Figure 3-6), the effects on receivingwater quality and turbidity were not modelled, but instead rely on improvement at source from best practicable
treatment and filtering of stormwater through a collector network as discussed in the Stormwater and Hydrology
Assessment, compared to ad-hoc and immediate run-off and drainage at present, as outlined in Policy F2.11.3(2) in
the AUP Coastal Plan. There is also a requirement in the NZCPS to reduce stormwater contaminants and sediment
loadings at source (Policy 23(4)(b)).
Another requirement in AUP Policy F2.11.3(2)(c), which gives effect to NZCPS Policy 23(1), is to assess whether the
receiving environment has the capacity to assimilate the discharged contaminants (including sediments) after
reasonable mixing or take in account the sensitivity of the receiving environment.
As discussed in section 3 of Appendix A, the receiving environment water clarity, in terms of secchi disk or observed
submergence of a black body (i.e. the Sonde salinity meter), is relatively low e.g. 0.25–0.4 m vertical visibility on the
two field surveys sampled. However, this is quite typical of tidal creeks or streams in the Auckland region, where the
river section transitions through to the main wave-exposed harbour, resulting in preferential settlement of fine
suspended sediment in these sheltered environments (both from the wider Manukau Harbour and the Ngakoroa
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catchment) during the more quiescent tidal flows and higher turbidity during peak ebb and flood-tide flows, especially
during stronger spring tide phases.
Turbidity in the Ngakoroa Stream at the bridge crossing is also likely to increase substantially during the early onset
and peak of riverine floods, but after a period of recession of the flood hydrograph, the visual clarity can improve to
be slightly better than during normal tidal and river-flow conditions, as indicated by the observations on 2-July 2020
(section 3 of Appendix A). These limited measurements, combined with field observations by NIWA teams of tidal
creeks over decades, show that these systems are naturally turbid, and therefore the receiving waters are not overly
sensitive to modest changes in turbidity from stormwater discharges, leaving aside an allowance for reasonable
mixing. Certainly, by improving the collection, treatment and settling of stormwater from the road and bridge deck
surface using best practicable measures, the effects on visual clarity will be an improvement on the existing situation,
noting that the visual clarity of these tidal streams is naturally poor following rainstorms as river flows ramp up with
sediment flushes from the catchment and eroded streambed deposits.
The inclusion of rip-rap aprons at the two stormwater outlets (Figure 3-6) is consistent with NZCPS and AUP
requirements to minimise erosion, in this case by slowing the flow over the upper-tidal berm and adjacent intertidal
area and avoiding the degraded situation that currently exists on the south-eastern bank. Downstream of the rip-rap
aprons, a local shallow drainage channel will form on the intertidal area that will quickly reach equilibrium after a few
rainstorms – noting there is already a deeply-incised channel on the SE bank that can be ameliorated with the new
discharge setup (Figure 3-7).
It is beyond the scope of this assessment to assess the effects of remaining contaminants in the stormwater, after
reasonable mixing (addressed in the Stormwater and Hydrology Assessment contained in Appendix G of the AEE).

old concrete
wall
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Figure 3-7 Existing scouring and slumping (lower left) from a broken/missing stormwater pipe (bottom right)
exacerbated by concrete walls from an old swimming pool (upper left). Credit: R Bell, NIWA.

Figure 3-8 Locality layout plan of the existing and old pre-1968 bridge, stormwater pipes from the SH1 Bremner Road
Overbridge and the location of the old swimming pool and concrete wall. Source: Drawing 6/6/865, Franklin
County Council, January 1968).

3.3.2.4

Assessment Summary

Stormwater management at source, using best practicable treatment and filtering of stormwater through a
collector/treatment network, as discussed in the Stormwater and Hydrology Assessment contained in Appendix G of
the AEE, will improve stream water quality compared with the ad-hoc and immediate run-off and drainage at present.
Inclusion of a collector network and treatment (filtering cartridges) will have a positive long-term effect on coastal
physical processes, such as reducing local sedimentation or scour and improving water clarity of Ngakoroa Stream
during rainfall events.
Remediation of the existing scoured and slumping stormwater cavity, removal of the exposed elements of the
remnant swimming pool and concrete walls on the south-eastern bank (~40m upstream of the SUP bridge), in tandem
with re-routing the stormwater through the new collector network on the eastern side, will remedy the historic damage
to the stream bank. Rip-rap aprons at both stormwater outlets will minimise erosion of the upper-tide berms and
adjacent intertidal area, by slowing the water flow, but it is unavoidable that a local shallow drainage channel will form
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on the intertidal area as the stormwater flows into the subtidal channel during lower tides. This localised channel
formation will quickly reach equilibrium after a few rainstorms – noting there is already a deeply-incised channel on
the south-eastern bank (Figure 3-7), which can be ameliorated by the new stormwater discharge setup.

3.4

Climate-change and coastal flooding effects

Policy 24 of the NZCPS (which gives effect to Section 7(i) of the RMA), , requires the effects of climate change
(including SLR) to be assessed for “at least 100 years” for coastal hazards, which is in this case is out to at least
2120.
Ongoing sea-level rise (SLR), projected to continue for several centuries, will become the dominant influence on
coastal hazards, raising tides and storm surges above the rising base mean sea level. It will also raises the
downstream control on extreme river floods (covered in the Stormwater and Hydrology Assessment contained in
Appendix G of the AEE).
Secondary effects of climate change for coastal processes will be changes in storm surge (waves are not relevant at
the Stage 1B1 site). However, changes to storm surges are likely to be negligible by 2070–2100 (either similar or a
few centimetres lower), based on a recent study (Cagigal et al., 2019) and are not considered further in this
assessment. The storm-tide levels for the Jesmond Bridge site (section 2 of this report and section 3 of Appendix
A) included some allowance for future changes in tidal propagation up Drury Creek for a higher mean tide level.
Rainfall will become more intense, which has been included as sensitivity testing for the Ngakoroa Stream flood
modelling in the Stormwater and Hydrology Assessment contained in Appendix G of the AEE.
3.4.1.1

New bridge soffit levels and storm-tide flood capacity

The NZCPS is not overly prescriptive in terms of what level of risk from natural hazards and climate change should
apply to the situation of an upgraded bridge in the same location – other than to “avoid increasing the risk” (Policy
25, NZCPS).
The AUP, in relation the SEA Terrestrial overlay (similarly for the SEA Marine 1 overlay) is more prescriptive, where
Section E3.3(7) requires that “the structure is designed to avoid creating or increasing a hazard” and E3.6.1.16
imposes a standard (rule) that “the 1 per cent AEP10 flood shall be accommodated by the structure and/or by an
overland flow path without increasing flood levels upstream or downstream of the structure, beyond the land or
structures owned or controlled by the person undertaking the activity”. This flooding AEP is assumed to also apply
into the future, after accounting for the additional effect of climate change and SLR, as required by Policy 24 –
NZCPS. The future storm-tide levels applicable to the new Jesmond Bridge for either a 1% or 2% AEP and an
average base river flow, for each of the four SLR scenarios in the MfE (2017) coastal guidance, are shown in Figure
3-9 (from the analysis in section 3 of Appendix A), with a comparison of the soffit and deck levels of the existing and
new bridges for context.
Waka Kotahi have a similar design requirement in the Bridge Manual (NZTA-Waka Kotahi, 2018; Table 2.1), which
also requires a 1% AEP flood level be used for assessing the Serviceability Limit State 2 (SLS 2) 11 for flooding risk
for bridges on Level 3 routes (Primary Collector Road).
While I will compare the range of future storm-tide levels for both 1% and 2% AEP, ultimately my assessment
considers whether or not the level of risk from storm-tide flood conveyance under the waterway of the new bridge in
relation to ongoing SLR is improved or not relative to the existing bridge, in line with Policy 25(a) of the NZCPS.

10

Annual Exceedance Probability – the chance in any year that a specified flood level would be exceeded
SLS 2 – NZTA Bridge Manual defines this as the event where the structure should remain operationally functional for all highway traffic
during and following flood events
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Figure 3-9 Rise in storm-tide levels (m; NZVD-2016) for 2% AEP (top panel) and 1% AEP (bottom panel) at Jesmond
Bridge for the four MfE coastal guidance SLR scenarios, adjusted to include vertical land movement for
Auckland by 2120. For comparison, the bars show the range of soffit and deck levels for the existing bridge
(dashed lines) and proposed longer bridge (heavy lines), where levels dip down from east to the west. Note:
no freeboard allowance is included.
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The new longer 45m Jesmond Bridge (Figure 3-10) has a sloping-deck design dipping down towards the western
bank (similar to the existing bridge profile). While slightly higher overall than the existing bridge, particularly the deck
level, the height nevertheless is constrained by:
◼

Overhead high-voltage transmission lines crossing over the bridge airspace covering the western half of the
bridge (Figure 3-10).

◼

The connections to adjacent roads and the SH1 Bremner Road Overbridge, as discussed in the Design and
Construction Report, Appendix C of the AEE.

Figure 3-10 Elevation (looking downstream – north) of the revised design for two-span Jesmond Bridge and
pile/abutment positions compared to the existing bridge and piles (dashed lines) and location and lowest
envelope of overhead high-voltage lines (blue curve above Abutment A on the left side). The plan view of this
revised design is shown in Figure 3-2. Source: Supplied by Aurecon NZ Ltd, 22 Oct 2020.

As discussed in Section 2, the 2017 MfE coastal guidance recommends stress-testing infrastructure for the effects
of coastal climate change for a range of four SLR scenarios out to 2120 or 100 year life cycle (section 3 of Appendix
A). For this assessment, these four NZ-wide SLR scenarios were combined with:
◼

An assumed extrapolated subsidence in vertical land movement of 0.56 mm/year (section 3 of Appendix A).

◼

1% AEP storm tide levels (NZTA-Waka Kotahi bridge manual SLS2 design and AUP SEA overlay area
requirements) and a lower 2% AEP level, to stress test clearances under the new bridge soffits for storm-tide
levels only (in the absence of high river floods), as listed in Table 2-1 and Figure 3-9.

The new bridge soffit levels (Table 3-1) in the proposed sloping-deck design (with the existing bridge soffits in
parentheses) range from 5.71m (3.92m) for the eastern abutment, down to 3.97 m (3.5 m) for the lower western
abutment, with levels relative to NZVD-2016 and noting the new bridge would be considerably longer (45 m between
abutments versus 29 m currently).
Table 3-1

Soffit and deck levels of the proposed 45 m long Jesmond Bridge that dips down towards the western
abutment. Levels in NZVD-2016. Source: supplied by Aurecon NZ Ltd. – 11-September 2020.

Position on new bridge

Soffit level (bridge edge) [m]

Deck level (bridge edge) [m]

East abutment (0 m)

5.71

7.54

Pier (15 m)

4.99

6.81

West abutment (45 m)

3.97

5.710

The new Jesmond Bridge substructure soffit levels, even at the lowest western abutment, will therefore have sufficient
clearance to avoid impeding extreme high-tide flows during large storm tides for all four SLR scenarios out to 2120,
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with 1% and 2% AEP storm tides. On the back of the highest SLR scenario (NZ RCP8.5 H +), extreme storm-tide
levels likely to reach 4.1 m and 4.0 m respectively for 1% and 2% AEP events, compared to the lowest western soffit
level of 3.97 m NZVD-2016, but considering the bridge rises to much higher 4.99 m and 5.71 m soffits at the pier and
eastern abutment of the new bridge (Figure 3-10 and Table 3-1). While there is a small overlap with the soffit at the
lowest end of the new bridge, this would be inconsequential because:
◼

Peak storm-tide levels coincide with the predicted high tide at the time of the event and therefore the water
velocities are much lower as the tide prepares to switch direction, than at half-tide (incoming and out-going
tides).

◼

The bridge deck levels are considerably higher (minimum 5.80 m at the western abutment; Table 3-1), so
storm-tide events out to 2120 would not affect serviceability of the bridge for the highest SLR scenario.

◼

The longer 45 m new Jesmond Bridge has a considerably wider waterway available under the bridge at these
extreme water levels, than the existing 29 m bridge.

This comparison does not include:
◼

Any hydraulic freeboard allowance (as also excluded in the assessment of Ngakoroa Stream flood levels in the
Stormwater and Hydrology Assessment contained in Appendix G of the AEE), but noting there is a potential
overland flow path immediately west of the new bridge abutment; or

◼

Coinciding river floods, noting that both extreme storm-tide (only a 1–2 hour period straddling the high tide
period) and peak extreme river flood coinciding exactly would be a very low probability combination (see below).

In comparison with the waterway under the existing bridge, the new bridge increases the accommodation of extreme
storm-tide flows under the bridge for all four SLR scenarios, by having considerably higher soffit levels on average
over a 50% wider waterway (Figure 3-10).
For river flooding, the Stormwater and Hydrology AEE report shows the 1% AEP Ngakoroa Stream rainfall-induced
flood level would reach 5.68 m NZVD-2016 (Figure 3-10 and the Stormwater and Hydrology Assessment contained
in Appendix G of the AEE), which is considerably higher than the extreme storm-tide and SLR levels. Therefore,
extreme Ngakoroa Stream floods would compromise waterway capacity in relation to the minimum soffit level of the
new Jesmond Bridge (excluding freeboard), but the deck levels, even at the lowest western abutment, would likely
remain serviceable during extreme river floods.
Given the Jesmond Bridge is sited towards the upper tidal reaches of Drury Creek (off Manukau Harbour) and in a
narrow, confined, channel, there is also an interplay to consider between river floods in the Ngakoroa Stream that
coincide with coastal conditions generating storm-tides. In this upper-tidal reach situation, either extreme storm-tide
level or an extreme river flood level will be the dominating influence of extreme water levels. NIWA’s experience in
modelling the river and storm-tide combinations in such upper tidal reaches generally show that the storm-surge
influence is invariably “washed out” by moderate to high river floods (e.g. McBride et al., 2017). Therefore, bridge
design for brackish tidal streams/rivers is usually governed independently, either by high river flood flows (e.g. 1%
AEP stream flow), influenced in this case by higher MSL tailwater levels in Manukau Harbour (from SLR), or from
extreme storm-tide levels (combined with average river flows) as outlined above, whichever is the more critical for
design. As shown above, storm-tide levels by 2120 (including SLR) alone are less critical for flood conveyance of the
Ngakoroa Stream under the new bridge waterway than river floods.
Any quantitative consideration of joint-occurrence combinations of a lesser river flood and reduced storm-tide level
(because of the higher river flow dampening the storm-tide), can only be accomplished by using a catchment-to-sea
hydrodynamic model connecting the catchment to the wider Manukau Harbour, combining a range of stream floods,
storm-tide and SLR. At present such a complex hydrodynamic model does not exist and would require bathymetric
surveys of at least Drury Creek. However, it is unlikely to lead to a worst-case condition for peak water level at the
Jesmond Bridge site, based on NIWA’s modelling experience on tidally-influenced river systems (e.g. Waihou River
in the Thames area), where increasing river flows above annual mean flow quickly dominates the water levels in the
upper tidally-influenced section of the river and flushes out the storm-surge and high tide influence further
downstream (e.g. McBride et al., 2017).
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Therefore, leaving aside a freeboard allowance, there is sufficient clearance beneath the new bridge soffits for the
1% AEP coastal storm-tide flows to pass unimpeded under the bridge soffit covering all four SLR scenarios in the
MfE(2017) coastal guidance up to the end of the 100-year lifecycle at 2120. However, if a 0.6 m freeboard allowance
needs to be factored in (as recommended in the 2018 NZTA-Waka Kotahi Bridge Manual), the new bridge could only
accommodate the lower two SLR scenarios out to 2120, or the upper two SLR scenarios up to the 2080s or 2090s
(Figure 3-9), although this would be partially countered by more headspace under the higher eastern part of the new
bridge. However, the deck levels of the new bridge are considerably higher than the soffit level of the new bridge (as
well as the existing bridge deck), so serviceability of the new bridge by 2120 would not be compromised by extreme
storm-tide events for any of the SLR scenarios (Figure 3-9), thus allowing the bridge to stay open. This same
conclusion in relation to the deck levels of the new bridge for 1% AEP river floods was also reached in the Stormwater
and Hydrology Assessment contained in Appendix G of the AEE.
A positive effect (benefit) from the Project is the wider waterway for extreme storm-tide and river floods that will be
provided by the new longer Jesmond Bridge design, with abutments higher up the stream bank, together with the
reduced impedance of flood flows by removal of the existing and remnant pre-1968 bridge piles and rip-rap within
the faster-flowing central portion of the waterway.
3.4.1.2

Assessment summary

The range of soffit levels of the proposed Jesmond Bridge design provide sufficient clearance for the 1% AEP coastal
storm-tide flows, coinciding with high tide, to pass unimpeded under the bridge soffit for all four SLR scenarios in the
MfE(2017) coastal guidance up to the end of the 100-year lifecycle in 2120, including a slow trend of subsiding vertical
land motion for Auckland.
In comparison with the waterway under the existing bridge, the new bridge increases the accommodation of extreme
storm-tide flows under the bridge for all four SLR scenarios, by having considerably higher soffit levels on average
and a 50% wider waterway than currently exists.
However, if a 0.6 m freeboard allowance needs to be factored in (as recommended in the 2018 NZTA-Waka Kotahi
Bridge Manual), the new bridge could only accommodate (without any impedance by the lowest western soffit) the
lower two SLR scenarios out to 2120, or the upper two SLR scenarios up to the 2080s or 2090s, which are countered
somewhat by the higher soffit at the eastern end of the new bridge. Ameliorating factors around application of the
freeboard are the considerably higher deck levels, which means the bridge would remain serviceable for all four SLR
scenarios to 2120, and peak storm-tide flows around high tide would not be strong as the tide will be slowing before
commencing the outgoing flow. Further, the sloping alignment of the new bridge, with considerably (1-2 m) higher
soffits to the east, allows for transmission of flood flows to deflect around water that may backup behind the lower
western soffit.
In terms of storm-tide and river flood combinations, more extreme Ngakoroa Stream flood events (e.g., 1% AEP
stream flow event) will tend to “wash out” the storm-surge influence within the confined stretch of tidal stream
upstream of the Jesmond Bridge, which during normal conditions is only tidally influenced no further than 1–2 km
upstream. Therefore, based on past experience modelling the upper reaches of tidal streams, the combined effects
of extreme coastal and river flooding under the Jesmond Bridge were not considered further, with river floods
dominating the extreme total water level for a 1% AEP event.
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4

RECOMMENDATIONS

I have undertaken an assessment of temporary and permanent works, associated with the Jesmond Bridge, on
coastal physical processes in the coastal environment of Ngakoroa Stream, and also the effect of climate change
and coastal hazards on the operational lifecycle utility of the new bridge and associated permanent works, in order
to avoid increasing the risk from climate change and SLR.

4.1

Short-term effects during the construction and demolition phase

In terms of effects on coastal physical processes from construction and demolition activities associated with the
replacement of the Jesmond Bridge, I have deemed the short-lived effects to be negligible and overall would be
consistent with statutory criteria I considered, provided:
◼

No temporary staging piles are located in the deeper part of the channel and pile groups are aligned with the
stream flow direction, where possible to minimise flow impedance.

◼

Work practices and erosion/sediment control measures that minimise seabed or streambed disturbance would
minimise the short-lived effects on existing water clarity from increased turbidity.

◼

Removal of the piles from the existing bridge and remnant piles from previous bridges are cut at or just above
the existing seabed or streambed to minimise in-situ disturbances.

◼

Debris and dust controls and treatment or sediment /erosion sediment controls for stormwater or dewatering are
in place to minimise runoff, turbidity, debris/dust and the exit velocity of any overland discharges into the CMA
or tidal stream.

Such mitigation measures, incorporating sediment and erosion control measures and works practices, should be
defined in an Erosion and Sediment Control Management Plan (contained in Appendix F of the AEE).

4.2

Long-term operational lifecycle effects

4.2.1

Physical encroachment of Ngakoroa Stream flow

Relative to the existing situation, the proposed configuration of the new bridge abutments higher up on the stream
banks in the revised design, together with removal of piles, abutments and rip-rap from the existing and the original
(pre-1968) bridge remnants, will have a positive long-term effect. This arises from decreasing encroachment and
flow impedance of the bridge sub-structure on flows, under situations of river floods, storm-tide events or normal
flows straddling high tide for higher mean sea levels, of the present CMA and the peripheral coastal environment
(above MHWS-10). A further benefit accrues from the longer bridge creating a wider flood waterway, together with
removal of all redundant structures, piles and rip-rap within the CMA or coastal environment and declamation of the
existing bridge abutments and backfill. This benefit over the existing environment will persist long-term over the
Project lifecycle, including with SLR.
The placement of the single pile group of larger 1.2 m diameter piles for the new bridge, east of the existing eastern
pile group (Figure 3-3), higher up the intertidal area results in slightly less flow encroachment than occurs presently
for flows at spring high tide (comparing the existing narrower piles in the main sub-tidal channel). Even though the
new piles are larger in diameter, the length of pile submerged by a high-tide flow is slightly less than the existing piles
due to their higher placement on the eastern intertidal bank. This difference in projected flow area between the
existing and new piles will effectively be the same (neutral) taking into account future rises in sea level.
Therefore, there is a slight positive to neutral effect on the physical functioning and conveyance of tidal, and stormtide flows in Ngakoroa Stream under the new longer and higher bridge, requiring no further mitigation beyond what
has been incorporated as a change in bridge pier placement into the revised Jesmond Bridge design (Figure 3-2).
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4.2.2

Bridge sub-structures and rip-rap

The geomorphology of the section of Ngakoroa Stream, either side of the existing bridge, has been relatively stable
over the last 50 years, indicating the configuration of the existing bridge piles and abutments has had a negligible
influence on coastal physical processes, apart from localised scour on the SE intertidal bank created by edge effects
from the rip-rap.
The proposed longer Jesmond Bridge (Figure 3-2), based on a revised location of the pier, overall presents positive
to neutral effects on coastal physical processes including channel geomorphology, relative to the existing situation.
Positive benefits include:
◼

No longer needing rip-rap adjacent to the sub-tidal channel.

◼

Removal from the streambed of remnant piles from the original bridges and the existing bridge to reduce flow
impedance and recreational safety.

◼

Improved flood conveyancing, taking into account SLR, the higher-placed abutments, due to the longer overall
bridge span, provide a wider flood waterway under the new bridge.

Neutral effects arise from the design revision that positions the group of larger-diameter piles to the east of the
eastern group of existing bridge piles, compared with the present set-up of smaller bridge piles on either side of the
sub-tidal channel. In my opinion, this revised bridge-pile layout will continue the channel stability that has persisted
for the last 50 years, with seemingly no apparent influence of the existing set of pile groups (see Figure 3-1 and
Figure 3-3). This means the new bridge sub-structure, which draws back from placing piles in the sub-tidal channel,
would be consistent with the NZCPS (Objective 1) and AUP for the SEA-overlays (Terrestrial and Marine-1) in terms
of maintaining or enhancing coastal physical processes and geomorphic functioning.
4.2.3

Stormwater outlets

Stormwater management at source, using best practicable treatment and filtering of stormwater through a
collector/treatment network, as discussed in the Stormwater and Hydrology Assessment contained in Appendix G of
the AEE, will improve stream water quality compared with the ad-hoc and immediate run-off and drainage at present.
Inclusion of a collector network and treatment (filtering cartridges) will have a positive long-term effect on coastal
physical processes, such as reducing local sedimentation or scour and improving water clarity of the Ngakoroa
Stream during rainfall events.
Remediation of the existing scoured and slumping stormwater cavity, removal of the exposed elements of the
remnant swimming pool and concrete walls on the south-eastern bank (~40m upstream of the SUP bridge), in tandem
with re-routing the stormwater through the new collector network on the eastern side, will remedy the historic damage
to the stream bank within the Stage 1B1 extent.
Rip-rap aprons at the stormwater outlets will minimise erosion of the upper-tide berms and adjacent intertidal area,
by slowing the water flow. But it is unavoidable that a local shallow drainage channel will form on the intertidal area
as the stormwater flows into the subtidal channel during lower tides. This localised channel formation will quickly
reach equilibrium after a few rainstorms – noting there is already a deeply-incised channel on the south-eastern bank
(Figure 3-7), which can be ameliorated by the new stormwater discharge setup.

4.3

Overall recommendations

A revision of an earlier Jesmond Bridge design to better align the single pile group for the new bridge further up on
the flanking intertidal area (to avoid the main channel flow of Ngakoroa Stream), has mitigated potential effects of
the new piles on impedance of the flow and local changes in channel geomorphology, bank erosion and local scour
around the larger-diameter piles.
Overall, considering all the effects of construction, demolition and declamation activities and lifecycle operations,
overall both the short-term and long-term effects on coastal physical processes, as well as the effect of extreme
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coastal storm-tide levels on the new Jesmond Bridge for all four SLR scenarios in the current government guidance
(MfE, 2017) until at least 2120, the effects are assessed as negligible, neutral or a positive outcome, compared to
the existing environment.
Therefore, with positive to neutral effects on “stream functioning and maintaining or enhancing physical processes in
the coastal environment”, together with “avoid increasing the risk ..” of coastal flood hazards and SLR (Policy 25,
NZCPS), the Project in relation to coastal physical processes, is consistent with primary statutory criteria outlined in
section 3.1 including the relevant RMA, NPS and AUP provisions. This assessment is contingent on implementing
the above mitigation measures for construction, demolition and declamation activities.
My assessment of effects of the Project on coastal physical processes does not include ecological or detailed
hydrology and stormwater or te ao Māori perspectives that other experts and/or Mana Whenua will provide.
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5

CONCLUSION

Overall for the coastal environment, the Project, involving the construction and operation of a longer, higher bridge
over the Ngakoroa Stream, is consistent with national policy documents in relation to the “stream functioning and
maintaining or enhancing physical processes in the coastal environment”, together with “avoid increasing the risk…”
of coastal flood hazards and sea-level rise (SLR). My assessment also establishes that the Project meets criteria in
the Auckland Unitary Plan in relation to Special Ecological Area overlays for Terrestrial and Marine-1 designations
(Figure 2-1).
By way of summary as to the positive or neutral effects on coastal physical processes:
◼

Physical functioning and conveyance of tidal, and storm-tide flows in Ngakoroa Stream under the new longer
and higher bridge, requiring no further mitigation beyond the change in bridge pier placement in the revised
design of the Jesmond Bridge (refer to the Design and Construction Report, Appendix C of the AEE).

◼

No longer needing rip-rap adjacent to the sub-tidal channel.

◼

The positive outcome of declamation of the existing bridge abutments and associated backfill, to re-shape and
restore the connectivity of the natural intertidal banks' profiles north and south of the existing bridge. This
process is encouraged in Policy 10(4) of the NZCPS.

◼

Removal from the streambed of remnant piles from previous bridges and the existing bridge to improve flow
impedance and recreational safety.

◼

For flood and storm-tide events, taking into account SLR, the higher-placed abutments, due to the longer overall
bridge span, provide a wider and larger flood waterway under the new bridge.

◼

Neutral effects arise from the design revision that positions the new larger piles to the east of the eastern group
of existing bridge piles, compared with the present set-up of piles either side of the sub-tidal channel. This
revised bridge-pile layout will lead to a continuance of the channel stability that has persisted for the last 50
years, with seemingly no apparent influence of the existing set of pile groups.

◼

Inclusion of a stormwater collector network and treatment (filtering cartridges) will have a positive long-term
effect on coastal physical processes, such as reducing local sedimentation or scour and improving water clarity
of Ngakoroa Stream during rainfall events.

◼

Remediation of the existing scoured and slumping stormwater cavity, removal of the exposed elements of the
remnant swimming pool and concrete walls on the south-eastern bank (~40m upstream of the existing bridge),
in tandem with installing a new properly-designed stormwater outlet at the same location, provides an
opportunity to remedy the pre-existing damage from uncontrolled run-off.

◼

Rip-rap aprons at the stormwater outlets will minimise erosion of the upper-tide berms and adjacent intertidal
area, by slowing the water flow, but a local shallow drainage channel will form on the intertidal area that will
quickly reach equilibrium after a few rainstorms.

Negligible effects on coastal physical processes
In terms of effects on coastal physical processes from construction and demolition activities associated with the
replacement of the Jesmond Bridge, I have deemed the short-lived effects to be negligible and overall consistent
with statutory criteria, provided:
◼

For temporary staging platforms, minimise piles in the deeper part of the channel and pile groups are aligned
with the stream flow direction, where possible to minimise flow impedance.

◼

Work practices and erosion/sediment control measures (to be detailed within an Erosion and Sediment Control
Plan) that minimise seabed or streambed disturbance would minimise the short-lived effects on existing water
clarity from increased turbidity.

◼

Removal of the piles from the existing bridge and remnant piles from previous bridges are cut at or just above
the existing seabed or streambed to minimise in-situ disturbances.
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◼

Debris and dust controls and treatment or sediment /erosion sediment controls for stormwater or dewatering are
in place to minimise turbidity, debris/dust and the exit velocity of any overland discharges into the CMA or tidal
stream.

Such mitigation measures, incorporating sediment and erosion control measures and works practices, should be
defined in an Erosion and Sediment Control Plan.
In summary, there are no adverse effects of the Jesmond Bridge activities and works on coastal physical processes,
nor adverse effects of climate change and coastal storm-tide hazards on the new bridge. Rather, the revised careful
design of the new Jesmond Bridge and the opportunities for positive outcomes (e.g. declamation of existing
abutments and rehabilitation of pre-existing stormwater damage) in relation to coastal physical processes are entirely
consistent with primary statutory criteria outlined in section 3.1, particularly the NZCPS.
Physical functioning of the coastal environment and conveyance of tidal and storm-tide flows in Ngakoroa Stream, is
neutral or enhanced in the long term (to 2120) as a result of the proposed longer and higher bridge and removal or
declamation of all pre-existing structures, piles and abutments. These works are consistent with Objective 1 of the
NZCPS and improves existing constrictions in the river waterway, thus also meeting Policy 7 and 3.24 (Rivers) in the
NPS:FM.
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APPENDIX A – COASTAL PROCESSES
This Appendix describes in more detail observations and analysis of existing tidal-stream environment of the area
straddling the Jesmond Bridge and the associated roading works and future storm-tide flood levels under rising sea
level scenarios. This evidence base supports the assessment of coastal physical processes and the potential effects
on these processes that may arise from the short-term construction/demolition phase and the long-term operation
out to 2120 of the new Jesmond Bridge crossing the Ngakoroa Stream.

1

ASSESSMENT STANDARDS, GUIDELINES AND
POLICIES

There are no quantitative environmental assessment criteria for assessing and determining the degree of effects 12
(e.g. negligible, moderate, significant) on hydrodynamic and sedimentation processes or estuarine geomorphology,
so this assessment relies on a combination of:
◼

Expert appraisal (using a coastal expert and reviewer).

◼

Supported by desktop research and on-line resources (e.g. aerial photography).

◼

A field survey and sampling exercise, limited to 1-day sediment and salinity sampling.

◼

Tide-level data from a nearby site by the SH1 Otūwairoa (Slippery Creek) Bridge, collected by NIWA over a 2month period (December 2019 – January 2020) for Stages 1B1 and 1B2 of the Project.

◼

Appraising the historic analogue of the existing Jesmond Bridge across the Ngakoroa Stream and
embankments (Figure 1-1) for any long-term morphological change that may have occurred as a direct result of
the bridges.

◼

The 2017 Ministry for the Environment (MfE) Coastal Hazards and Climate Change: Guidance for Local
Government for sea-level rise (SLR) projections and an adaptation framework (MfE,2017).

◼

Auckland Unitary Plan (AUP) overlays, designated significant ecological areas (SEAs) and requirements on
activities by way of policies and rules and GEOMAPS viewer.

◼

Coastal processes assessments were aligned with the most relevant statutory criteria from the RMA and NZ
Coastal Policy Statement, as outlined in the Coastal Processes Assessment.

◼

A general requirement by Waka Kotahi to avoid or, where it is not practicable, adequately remedy or mitigate
adverse effects on water quality caused by stormwater discharges and land-disturbing activities. From a
construction perspective, methodologies for the management of erosion and sediment, concrete and other
contaminants as well as construction-related run off will be required to mitigate potential effects on adjacent land
and on tidal-stream environments and the Coastal Marine Area (CMA) – Figure 2-1.

◼

Bridge design is covered in Waka Kotahi's Bridge Manual, with the most relevant aspect for this Report being
the minimum soffit level of the bridge supporting structure, to pass channel flows safely under the bridge during
more extreme events (NZTA, 2018; Table 2.1), with a freeboard of 0.6 m where build-up of tree debris in floods
is not an issue (NZTA, 2018; Table 2.4).

12

Meaning of effect is defined in s3 RMA
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Figure 1-1 Existing shared-use path (SUP) and traffic bridges over Ngakoroa Stream (upstream on left) around low tide
defining sub-tidal channel, and positioning of existing bridge pile groups and rip-rap. Credit: R Bell (NIWA).
Date: 19-Jun-2020.

Relevant qualitative assessment criteria that generally relate to effects on coastal physical processes (as examples
from the AUP) are listed below, noting the AUP recognises that it is not always practicable to locate and design
infrastructure to avoid Significant Ecological Areas (SEAs) [e.g., Section D9, AUP]:
◼

Preserving natural character e.g., morphology, natural sediment substrate, and not impeding natural water and
sediment movement patterns (e.g. E3.2, 3.3, 3.6.1 and F2.14, F2.23 of AUP).

◼

Extent to which structures (permanent piles/piers/abutments and temporary staging) and embankments can
cause erosion and/or siltation or alter other natural physical processes (e.g. E3.2, 3.3, 3.6.1.4, 3.6.1.13,
3.6.1.14, 3.6.1.16 and F2.21.10 of AUP).

◼

Extent to which provision has been made in the design to minimise impedance of the natural movement of
coastal and tidal-stream water or floodwaters, which in this situation relates to the form and supports of the new
bridges and associated abutments and riprap protection. The AUP requires that bridge piles or piers should be
located outside the main channel, to avoid impedance of fish passage, natural flows and scouring or
undercutting immediately upstream or downstream (e.g. E3.3, 3.6.1.14, 3.6.1.16 of AUP).

◼

The 1% annual exceedance probability (AEP) flood shall be accommodated by the structure and/or by an
overland flow path without increasing flood levels upstream or downstream of the structure, beyond the land or
structures owned or controlled by the person undertaking the activity (e.g. E3.6.1.1, 3.6.1.14, 3.6.1.16 of AUP).
Note: The current Bridge Manual (NZTA-Waka Kotahi, 2018; Table 2.1), also requires a 1% AEP flood level be
used for assessing the Serviceability Limit State 2 (SLS 2) 13 for flooding risk for bridges on Level 3 routes
(Primary Collector Road).

SLS 2 – NZTA-Waka Kotahi Bridge Manual defines this as the event where the structure should remain operationally
functional for all highway traffic during and following flood events
13
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◼

Implications of any additional in-situ turbidity arising from the Project works, especially during construction,
including channel-bed disturbances, discharges and vegetation removal. Best practice erosion and sediment
control measures must be implemented (AUP) e.g. E3.3(9), 3.6.1.1, 3.6.1.4, 3.6.1.13 and F2.11 of AUP. Note:
stormwater discharges and associated changes in water quality are considered elsewhere in the Stormwater
and Hydrology Assessment contained in Appendix G of the AEE.

◼

Effect of sea-level rise (SLR) and coastal storm-tide flooding both on the Project robustness and serviceability
(e.g. is the design sufficient to accommodate the range of plausible climate projections?) and the effects arising
from a changing climate of the Project on the coastal environment (e.g. any impediment on flows for a higher
SLR?) (e.g., E.3.6.1.14, 3.6.1.16, RMA 6(h),7(i), NZCPS).

◼

Managing the effects of de-construction of existing structures. For demolition or de-construction of the existing
bridges (Fig D5-1), the AUP requires structures to be removed from the bed as far as practicable, and any
remaining sections must not be a hazard to public access, navigation or health and safety. Note: this Project
should also remove the legacy issues associated with the piles remaining in the stream bed from the original
bridge(s), built before the existing bridge, particularly the bent bridge pile in centre channel shown in Figure 1-2
(e.g. E3.3(8), 3.6.1.13).

Figure 1-2 Sub-structure of the existing traffic bridge and shared-path bridge (left) in the relation to the sub-tidal
channel at low tide on 19-June-2020 (looking westward). Credit: R Bell, NIWA

In terms of coastal flood hazards and SLR, the AUP also includes a coastal storm inundation (CSI) spatial control
layer, representing a 1% AEP coastal-storm tide level and a 1 m SLR. Figure 1-3 shows this hatched CSI layer for
the Ngakoroa Stream either side of the existing bridge.
Generally, the spatial extent of the CSI overlay areas in the AUP are mostly still applicable, due to the steep incised
nature of the stream basin and adjacent narrow intertidal flood plain, apart from the lower-lying area NE of the existing
Jesmond Bridge (Figure 1-3).
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Figure 1-3 Coastal Storm Inundation (CSI) control layer in the AUP representing land at or below the combined 1% AEP
storm-tide level and a 1 m SLR upstream and downstream of the Jesmond Bridge. Dark blue line shows the
CMA boundary. Source: AUP control layer in GeoMaps with 2017 aerial photography.

In deriving these extreme coastal storm levels for the AUP, NIWA previously based the CSI layer in this area on
storm-tide levels (including tide range) at the mouth of Drury Creek in the Pahurehure Inlet (Stephens et al., 2016).
Therefore, for the Project assessment, storm-tide levels were re-analysed specifically for the upper reaches of Drury
Creek, using the tide-gauge (TG) data measured over 2 months under the SH1 Otūwairoa (Slippery Creek) Bridges
(Figure 2-2). The resulting extreme water levels and tide marks were tied back to the Standard Port (Onehunga
Wharf) and also relative to NZ Vertical Datum-2016 to provide a more robust set of tide and storm-tide levels for this
assessment.

2

METHODOLOGY

The desk-top analysis for the existing environment included a review of the following information sources:
◼

Historic oblique aerial photography of the Drury area around period in 1963-1964 of the motorway construction
and earlier photography of the Jesmond Bridge area (sourced from the online catalogue of the Alexander
Turnbull Collection in the National Library).

◼

Historic aerial imagery (verticals) spanning the previous few decades (sourced from Retrolens, Google Earth
and the Auckland Council GeoMap server). A high-resolution suite of aerial photography flown in the Auckland
region in 2017 is available in the GeoMap server – with the lower Ngakoroa Stream and the defined (CMA
shown in Figure 2-1.
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◼

Extreme coastal storm-tide levels for Pahurehure Inlet from an Auckland Council report completed by NIWA and
DHI in 2016 (Stephens et al., 2016), and analysed further using tidal measurements (see next sub-section) to
determine locally appropriate extreme storm-tide levels.

◼

There is little background information on coastal physical processes in the Ngakoroa Stream. Two coastal
hazards reports, produced in 2016–2017 by Jim Dahm (Eco Nomos Ltd) for the proponent of the Auranga B1
Private Plan Change (Dahm 2016), and a geotechnical and coastal erosion assessment for the Drury–Opaheke
Structure Plan by Riley Consultants (2018) were relied on for additional information.

In summary past and recent aerial photography and imagery, with previous coastal hazard reports for a Private Plan
Change, were used in conjunction with field observations (next sub-section) to ascertain the potential effects of the
new Jesmond Bridge in the context of the local morphology, sediment processes and hydrodynamics of the coastal
environment of Ngakoroa Stream.
The field surveys and measurements at different times covered sites and locations of Ngakoroa Stream shown in
Figure 2-1, to cover the Project (South Drury and Jesmond Bridges).
The field programme comprised a mix of:
◼

in-situ logged measurements of tide levels and salinity measured by a temporary tide gauge (TG) at the
Otūwairoa (Slippery Creek) Bridge (SH1) – see below.

◼

longitudinal salinity measurements around high tide at sites in Figure 2-1 (to establish the upstream extent of
the coastal environment in terms of saltwater influence).

◼

visual estimates (current speeds, visual clarity).

◼

surficial sediment sampling at sites A & B and analysis.

◼

site photographs.

For Ngakoroa Stream, visual observations and sediment sampling were also carried out at low tide on another
occasion to establish the width and alignment of the sub-tidal channel flows in relation to the piles of the existing
bridge (Figure 1-1).
Due to the lack of quantitative information on tides (and therefore the implications for storm-tide levels) in the upper
reaches of Drury Creek and its river tributaries, a field installation of a tide and salinity gauge (TG) under the
Otūwairoa (Slippery Creek) Bridges was undertaken as part of the Project coastal assessment. The deployment,
concurrent with Onehunga Wharf data obtained from Auckland Council, covered a two-month period from 16December 2019 to 12-February 2020, which included some high perigean-spring (“king”) tides at the end of the
record.
The tide gauge record from the SH1 Otūwairoa (Slippery Creek) Bridge from the neighbouring Otūwairoa Creek is
relevant to the Jesmond Bridge site, with both sites being approximately equi-distant upstream from the main Drury
Creek confluence. However, due to the rocky-papa reefs forming the bed of the sub-tidal14 channel of Otūwairoa
Creek, which naturally impound water at lower tide stages, the mid -to low tide levels will be somewhat different for
the Jesmond Bridge area, where the sub-tidal channel is unimpeded by the absence of reefs (Figure 1-1).
More importantly though, higher tide levels (above MSL) and the derived storm-tide levels will be quite similar at both
sites, which is relevant to assessing the effects of coastal hazards and SLR.

14

Meaning the channel below the low-tide level that is mostly permanently submerged.
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Figure 2-1 Area of SH1 centred around Ngakoroa Stream leading into Drury Creek, and the Jesmond Bridge crossing forming part of the Project. Note: the dashed
blue line is the indicative CMA boundary from the AUP overlays. Background aerial map from 2017 series. Source: Auckland Council GeoMaps.
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Figure 2-2 Field observation or measurement sites along Ngakoroa Stream (A–C) and the direction of where the tide
gauge (TG) was installed under Otūwairoa (Slippery Creek) Bridges on SH1. Source map: GeoMaps aerial
photography, 2017, Auckland Council.

The Ngakoroa Stream and the Otūwairoa (Slippery Creek) Bridge area were visited on five occasions to undertake
coastal processes observations or measurements, with sites marked in Figure 2-2.
Key findings from the field observations and tide-gauge data are incorporated into the rest of this Appendix.
The field visits comprised:
◼

NIWA deployed a temporary tide gauge (TG) under the Otūwairoa (Slippery Creek) Bridge from 16-Dec-2019 to
12-Feb-2020 [~58 days], which included some high perigean-spring (“king”) tides at the end of the record. The
position of the TG under the Otūwairoa (Slippery Creek) Bridge is shown in Figure 2-3.
The tidal data was processed to produce water levels relative to both NZVD-16 and AVD-46 vertical datums,
using the level on top of the tide-gauge metal bracket surveyed by Aurecon NZ Ltd (Figure 2-3).

◼

8-Jun-2020 – High tide salinity survey of Ngakoroa Stream at sites A–C, from 12:46 to 14:20 hours (high water
locally at ~13:36 hours (measured by temporary stake), but flow had commenced ebbing seaward at ~12:40
hours at approximately 0.1 m/s). Surficial sediment samples taken at A and B at the high-water edge. Water
clarity at site B (by the bridges) had an estimated visual depth of the stream-bed of ~0.25 m based on the
visibility of the black Sonde salinometer.

◼

19-Jun-2020 – Low-tide observations of Ngakoroa Stream at site B at the bridges from 16:20 to 17:20 hours,
with local low tide around 17:05 hours on a mean-tide range. Surficial sediment samples (2) from the upper
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intertidal area at site B. Estimated the tide height from the shared path bridge in terms of Auckland Vertical
Datum-1946 based on plumb bob measurement relative to the bridge deck.
◼

27-Jun-2020 – Visual observations and photos from the SUP bridge at 10:59 hours just after low tide for a mean
tide range, following persistent rainfall over Auckland (with the Auckland Council flow gauge for the Ngakoroa
Stream in the Bombay Hills at Mill Road (#43829) recording flows in recession (0.25–0.32 m3/s) from the flood
peak of 2.73 m3/s earlier on the 25 June at 11:05 hours – see Figure 2-4).

◼

2-Jul-2020 – High-tide observations and secchi disc measurement at site B (adjacent to the Jesmond Bridge), at
09:20–09:45 hours, around 20–45 minutes after high-tide for a mean-tide range. Revisited the site later making
visual observations from 14:00–14:10 hours, around 2 hours before the next low tide at 16:00 hours.

Figure 2-3 Position of the tide gauge (TG) installed at low tide under the south-bound Otūwairoa (Slippery Creek)
Bridge on SH1. Credit: I. MacDonald, NIWA.
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Figure 2-4 Ngakoroa Stream flow hydrograph at Mill Road, Bombay (Auckland Council site #43829) over the field
programme showing dates when field visits were undertaken (yellow circles). Source: Auckland Council
Environmental Data Portal, accessed 7 July.

3

EXISTING AND FUTURE ENVIRONMENT

At the eastern extremity of Manukau Harbour, the main body of Pahurehure Inlet extends 7 km east from Weymouth
to Papakura, with Drury Creek the side arm that extends ~8.5 km to the south of Pahurehure Inlet (Figure 3-1). The
large distance of ~45 km from Manukau Harbour Entrance (Tasman Sea) to Jesmond Bridge, explains why the tide
exhibits a considerable time lag in the upper reaches of Drury Creek, relative to the tide change at the Entrance (see
below).
The upper headwaters of Drury Creek bifurcates, either side of SH1 Southern Motorway at Drury, into Ngakoroa
Stream (west side of SH1) and Otūwairoa (Slippery) Creek under SH1, which in turn quickly bifurcates into Hingaia
Stream (Figure 2-1).
The SH1 Southern Motorway south of Manukau to South Drury was constructed in the early 1960’s (1963–64)
through the isthmus between Hingaia and Ngakoroa Streams.
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Figure 3-1 Wider Manukau Harbour to Pahurehure Inlet, Drury Creek and the upper tributaries (including Ngakoroa
Stream (located in the highlighted blue box). The numbers are sites where extreme storm-tide levels are
available from Stephens et al. (2016) and referred to later in this Chapter. Source of map: LINZ Topographic
Map 1;50,000 scale.

3.1

Ngakoroa catchment characteristics

The tidal section of Ngakoroa Stream is the final channel that drains the catchment of 40 km2, which extends ~18 km
upstream to the ridge of Bombay Hills at Beaver Road East (Figure 3-2). Apart from the headwaters, the catchment
lies mostly to the west of SH1.
The mean flow at site C (Figure 2-2) is modest at 0.7 cumecs (NIWA NZ Rivers Map), but the Ngakoroa catchment
can generate significant flows during extreme flood events (as detailed in the Stormwater and Hydrology Assessment
contained in Appendix G of the AEE).
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Figure 3-2 Catchments that flow into the upper reaches of Drury Creek and the distance to Drury Creek (km). Ngakoroa
Stream and its tributaries lie mostly west of SH1. The yellow circle marks the Auckland Council flow gauging
site #43829 near Hills Road (see Appendix B). Source: NIWA NZ Rivers Map server:
https://shiny.niwa.co.nz/nzrivermaps/

The geology of the lower Ngakoroa catchment is mostly a mixture of volcanic derived and alluvial materials
comprising the Puketoka Formation in the lower catchment and tidal-stretch of Ngakoroa Stream and Ash and Tuff
of the South Auckland Volcanic Field in the Ramarama area of the catchment (Riley Consultants, 2018). Brief
descriptors of these geological features are (Riley Consultants, 2018):
◼

Puketoka Formation – are typically alluvial and estuarine deposits comprising sands, silts, clays. Previous
boreholes on the upper banks for the design of existing Jesmond Bridge in 1968 (Figure 4-3), found a mix of
alluvial sands (fine-coarse, white, brown, blue, grey, green) occurs beneath a top layer of yellow-clay ash soils
and marine muds (Franklin County Council, 1968).

◼

South Auckland Volcanic Field Ash and Tuff – the ash typically comprises orange brown silty clay of moderate
to high plasticity typically 2 m thick, underlain by Puketoka Formation alluvial deposits (or in the upper Bombay
catchment, by basalt). These ash soils are also visible at the Bremner Road earthworks sites for the Auranga
development west of Ngakoroa Stream.
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4

NGAKOROA STREAM GEOMORPHOLOGY AND
SEDIMENTS

The geomorphologic setting for the tidal section of the Ngakoroa Stream comprises a deeply incised meandering
channel with relatively narrow intertidal areas, embayed upper-tidal terraces backed by steep cliffs (Figure 4-1). The
incised nature of the sole channel is also shown by the two photographs comparing high and low tide looking
upstream from the Jesmond Bridge, with the relatively narrow lower intertidal flanks revealed at low tide (Figure 4-2).

Figure 4-1 The meandering geomorphology of the lower Ngakoroa Stream, with more extensive upper intertidal
terraces on the inside curves of the meanders (purple arrows) and the closer cut-ins to the cliffs on the
outside of the meanders (yellow arrows). Note: this aerial image from 2017 shows the turbidity in Ngakoroa
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Stream is considerably better on this occasion than the neighbouring Hingaia Stream on the eastern side of
SH1 (top-right), and clearly shows a turbid fringe line at the mouth of the Ngakoroa Stream. Source: Aerial
photography, 2017, Auckland Council, GeoMaps.

Figure 4-2 Ngakoroa Stream looking upstream from the Shared Use Path bridge at: (top) high tide – 1333 hrs, 8 June;
and (bottom) low tide – 1657 hrs, 19 June 2020. Credit: R Bell, NIWA.
WAKA KOTAHI NZ TRANSPORT AGENCY

FILE 506207-0490-REP-NN-0059.DOCX | 9/06/2021 | REVISION 4 | PAGE 53

The incised geomorphology, flanked by steeply-sloping cliffs, is explained by the substantial alluvial deposits
(Puketoka Formation) as described in the previous sub-section. The meandering stream channel (Figure 4-1) at the
base of these steep and sometimes slumped fringing cliffs indicates the potential for progressive cut-back during
extreme river floods and in the future during storm-tides as seas rise (Riley, 2018, Dahm, 2016). The wider uppertidal terraces are mostly located on the inside of the channel meanders, while the closer cut-ins to the bank cliffs are
on the outside of the meander (Figure 4-1).
This pattern is also emphasized by the channel cross-section from the 1968 design drawings from the existing
Jesmond Bridge, where the channel is deeper against the set of piles on the eastern side compared with the bed
level at the western pile set, which is on the inside of the meander (Figure 4-3).

Figure 4-3 Cross-section of channel at the existing Jesmond Bridge (looking downstream). Notes: i) the old pre-1968
bridge is shown by dashed lines; ii) summary coring logs are shown for the two boreholes from 1968. Source:
Franklin County Council, 1968; Sheet 4.

A similar channel morphology under the existing bridge still exists, as shown by Figure 1-2 (looking westwards),
where the stream bed shoals towards low tide earlier at the western pile set, while the bases of the eastern bridge
piles remain submerged. This indicates that the sub-tidal channel under the existing bridge has been relatively stable
over the intervening ~50 years, with the deeper part of the channel still nearer the eastern pile set.
This is further confirmed by the visual comparison of aerial photographs from 1961 and 2017 (56-year period) as
shown in Figure 4-4. In the lower Ngakoroa Stream, seaward of the bridge, the flanking intertidal vegetation has
expanded slightly, but essentially the dendritic drainage patterns off the intertidal flats and general meander
morphology appears to have changed little over the intervening half century. This conclusion was also reached
independently by Dahm (2016) in his assessment of little morphological change overall, with some narrowing of the
intertidal banks on the outside of meander bends.
The 1-Oct-1961 image also shows the original bridge (see also dashed lines in drawing – Figure 4-3), which was
located slightly seaward of the existing bridge built in 1968, with no apparent change in local channel morphology,
apart from lateral scouring against the rip-rap on the eastern bank under the bridges. Note: the Southern Motorway
(SH1) at Drury was constructed soon after in the period 1963–64 – indeed these 1961 aerials were taken to determine
the motorway route.
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Figure 4-4 Comparison of the overall morphology of Ngakoroa Stream and change in land use and roading in 1961 (left)
and 2017 (right). Note: the left image was captured at a lower tide, and some distortion is present in the 1961
image. Source: (left) Aerial image (1-Oct-1961; at mean low water) rotated to North from Retrolens (Local Government
Geospatial Alliance); (right) Aerial photography taken in 2017 from GeoMaps, Auckland Council converted to black &
white.

The sides of the channel are densely vegetated (Figure 4-5), comprising mainly young mangrove seedlings on lower
intertidal areas, progressing up to oioi–jointed rush, sea aster and raupō–bullrush, with no observed mature
mangroves in the vicinity of the existing Jesmond Bridge.
Intertidal surficial sediments, from samples collected at sites A, near the sports ground pavilion and B, 5 m south of
the SUP bridge (Figure 2-2), were subject to laboratory laser grain-size analyses (based on sediment-grain volume)
by NIWA. Intertidal sediments range from very-fine sandy silts at the upper tidal levels to fine silty sands on the lower
intertidal flanks of the eastern side of the channel (Table 4-1 and Figure 4-6). These generally silty sediments,
especially at site B adjacent to the bridges (with a significant silt component on the upper intertidal area), have the
potential to generate substantial turbidity when disturbed, while tidally submerged, during construction of the new
bridge and de-construction of the piles and abutments of the existing Jesmond Bridge.
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Table 4-1 Intertidal sediment grain size distributions and classification (sites A and B on eastern bank). The secondary
site B* was 20 m south of the SUP bridge adjacent to the stormwater outlet.
Site

Sample

D10 (μm)

D50 (μm)

D90 (μm)

Vol. weighted size (μm)

A - upper

Sediment description

A1

33

118

250

133

Silty very-fine sand

B - upper

B1

16

65

173

80

Very-fine sandy silt

B* - lower

LW1

45

183

240

168

Silty fine sand

B - lower

LW2

25

165

257

148

Silty fine sand

Figure 4-5 Progression from the upper-tide zone of raupō down to oioi and sea aster at the average high tide mark with
mangrove seedlings on the inter-tidal banks. Credit: R Bell, NIWA
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Figure 4-6 Sediment grain size distributions for surficial intertidal samples at site A (sample A1) and site B (samples B1
– upper tide mark; LW1, LW2 lower in intertidal zone). Source: Laboratory analyses by R. Ovenden, NIWA.

5

SALINITY, TIDAL INFLUENCE AND WATER CLARITY

Upstream, the landward extent of the tidal influence in the Ngakoroa Stream, expressed as the salinity incursion at
high tide, ends in the area under the Great South Road Bridge over the North Island Main Trunk railway and Stream
at site C (Figure 5-1). Salinity measurements off the pedestrian/horse bridge at high tide on 8-Jun-2020, using a
Sonde instrument, showed the surface salinity was 0.1 psu (practical salinity unit) 15 at the surface and just reached
1 psu at the bottom at a depth of 2 m depth (Table 5-1).
These low salinity values indicate that this site, 1.1 km upstream from the Jesmond Bridge, is at the upper end of the
saline intrusion for lower river flows (Figure 2-4), while higher river flows will push this saline tidal limit further
seawards. The salinity measurements at site C were made 1 hour 40 minutes after the measured high water at
Onehunga Wharf (12:22 hours), for a tide range between the mean and a spring tide (3.33 m measured at Onehunga
Wharf).16
The tidal influence in terms of tidal surface water level fluctuations will extend somewhat further upstream into the
lowland freshwater section of the Stream but was not determined – with the focus on defining the saline limit.

15

For comparison, open coastal/ocean water is ~35 psu and freshwater <0.5 psu. Salinity between 0.5 and 18 psu is usually
called brackish water found in upper estuaries, salt marshes and tidal streams.
16 Onehunga Wharf has a spring tide range of 3.7 m, a neap tide range of 2.0 m, with a mean tide range of 2.85 m.
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Figure 5-1 Ngakoroa Stream at the pedestrian/horse bridge under the Great South Road bridge (Site C) where high-tide
salinity was measured on 8-Jun-2020 (14:00–14:06 hours). Credit: R. Bell, NIWA

Salinity was also measured by the Sonde during the same high tide period on 8 June at site A (eastern side bank
behind the Drury Sports Complex pavilion, upper intertidal) and site B, where for the latter, the Sonde was lowered
from the SUP bridge taking a depth profile in mid-channel. The results for near-surface, mid-depth and near-bed are
listed in Table 5-1.
As expected, surface salinities are lower than nearer the bed, where the denser (heavier) saline water from the
Manukau Harbour pushes upstream nearer the bed as a saltier wedge on the incoming tide. The maximum recorded
salinity at a depth of 2.7 m below the SUP bridge was 15.6 psu, which means the waters of Ngakoroa Stream down
to the bridge site are classified as brackish waters (i.e. <18 psu). This means that during higher river flows, this tidalstream section will be more dominated by riverine/freshwater processes and fluvial flood hazards than coastal
processes.
Water temperatures, moving upstream, were 12.8°C (Site B), 12.5°C (Site A), 11.6–11.7°C (Site C), exhibiting a wellmixed thermohaline conditions down the water depth. The decreasing temperature moving upstream is expected in
Winter, with harbour water temperatures more buffered to seasonal changes by the ocean.
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Table 5-1 High-water salinity profiling in Ngakoroa Stream at sites A–C on 8-June-2020 for a tide range between a mean
and spring tide, with low river flows
Site/Time

Near-surface
depth (m)

Salinity
(psu)

Mid-depth
(m)

Salinity
(psu)

Near-bed depth
(m)

Salinity
(psu)

A – East bank, upper
(12:53–12:58)

0.26

5.0–6.0

0.63

7.3

–

–

B – mid-channel,
SUP (13:23-13:27)

0.23

6.1

1.5

14.8

2.7

15.6

C – mid-channel,
(14:00-14:06)

0.16

0.1

1.0

0.2

2.0

1.0

Waters in tidal streams or creeks, where silty sediments are prevalent, tend to exhibit moderate turbidity and lower
water clarity than rivers or open coastal waters.
Limited visual clarity observations were undertaken from the eastern banks and off the SUP on the 8-June (high
water), using the submerged black Sonde as a target, indicated a visual depth of ~0.25–0.3 m at sites A and B.
Measurements using a black/white secchi disk on a further high-tide reconnaissance on 2-July at site B (SUP bridge)
resulted in a secchi depth of 0.4 m, slightly higher due to the higher river flow on the long recession (frequent showery
period) from the high-flow peak a week earlier (Figure 2-4). The waters of neighbouring Otūwairoa (Slippery Creek)
Creek and Hingaia Stream were also observed to be visually clearer on 2-July than a previous high-water salinity
survey in 15-January, also due to the long flood recession in that river system.

6

JESMOND BRIDGE

The existing bridge on Bremner Road over the Ngakoroa Stream (Jesmond Bridge), which was built in 1968–69, is
part of the existing environment to be considered when assessing effects, particularly the changes in effects from a
new traffic and SUP bridge in tandem with the removal of the existing bridge.
Figure 6-1 shows the earliest available aerial photograph from May 1942 of the previous wooden bridge that was
replaced with the existing concrete Jesmond Bridge in 1968-69. The deck of the previous bridge was ~1 m lower
than the existing bridge (Figure 4-3) and was supported over spans of 6.8 m by three sets of square concrete piles,
some of which are still present in the waterway (Figure 1-2 and Figure 6-2) and posing a recreational navigation
hazard as well as further impedance on water flows.
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Figure 6-1 Aerial photograph of the earlier wooden Jesmond Bridge prior to the existing bridge built in 1968-69, taken
on 27-May-1942 (11:20 hours – mid-spring tide). Credit: Retrolens, Local Government Geospatial Alliance.

The existing Jesmond Bridge, designed in 1968 by the then Franklin County Council (Figure 4-3), has a central span
of 10.6 m (35 feet), supported by two sets of 4 piles of 0.61 m diameter (2 feet) supporting a pile cap beam 0.9 m
thick and a deck slab + seal of ~0.5 m thickness (Figure 6-2). The existing bridge was positioned about 2 m further
upstream (southwards) than the older bridge.
The new wider bridge over the Ngakoroa Stream for the Project, with footpaths on each side and a single cycleway,
is proposed to be constructed after demolition of the existing bridge. It will extend further downstream on the seaward
side than the existing bridge footprint but otherwise covers the existing bridge footprint (Figure 6-2). The top panel
in Figure 6-2 also shows that some of the rip rap adjacent to the eastern bank abutment has been moved downstream
at some stage by a previous stream flood(s), which will require careful design of the rip-rap for the new bridge to
avert this occurrence.
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Figure 6-2 View looking east (top) and west (bottom) over the seaward side of the Jesmond Bridge (14:20 and 14:03 hrs,
2-July-2020), with the bent square pile of the previous bridge in mid-channel. The new widened replacement
bridge will extend further seaward (left side- top; right side bottom), but otherwise covers the existing bridge
footprint. Credit: R. Bell, NIWA.
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7

TIDES, STORM-TIDE LEVELS AND SEA-LEVEL RISE

Potentially, the most critical effect for coastal processes in the operational life-cycle of the Project arises from extreme
storm-tide (and stream) flooding on the back of a rising mean sea level.
Tidal levels and lags with the Standard Port (Onehunga Wharf) are not well prescribed in the upper Drury Creek
area, so the analysis here also defines local high-tide marks and mean sea level (MSL), in relation to NZ Vertical
Datum-2016 (NZVD-2016), which the Project is using for designs.
This section outlines the derivation of tidal levels and extreme storm-tide levels presently, and for the four SLR
scenarios in the MfE coastal guidance (MfE, 2017), based on the nearby tide-gauge measurements under the SH1
Otūwairoa (Slippery Creek) Bridges (Figure 2-3).

7.1

Tide levels

The measured water levels from the tide gauge deployment at Otūwairoa (Slippery Creek) Bridge from 16-Dec-2019
to 12-Feb-2020, relative to NZVD-2016, is shown in the top panel of Figure 7-1. Large perigean-spring (“king”) tides
were captured during the last two days.
While the lower tide levels are cut-off at this gauge site, by a rock sill just downstream in Otūwairoa Creek, the water
levels at low tides are unimpeded in the Ngakoroa Stream. However, this artefact in the measured data is immaterial
for Jesmond Bridge site, where the main emphasis for environmental effects is on higher water levels and storm-tide
levels, for which this tide-gauge data can be directly applied (being approximately similar distances upstream from
the confluence with Drury Creek). The peak for the 5th high water in the series (Figure 7-1) was influenced by a storm
surge, which is revisited in the next sub-section.
Concurrent measured water level data from Onehunga Wharf were obtained from Auckland Council that overlapped
with the Otūwairoa deployment. These data were related to Chart Datum for Manukau Harbour, so were converted
to Auckland Vertical Datum (AVD-46) subtracting an offset of 2.204 m, and subsequently to NZVD-2016 using the
offset in Figure 7-4.
The lag of the high water at Otūwairoa (Slippery Creek) Bridge (and similarly Jesmond Bridge) relative to Onehunga
Wharf tides varies considerably, ranging from a 40-minute lag for small neap tides up to 95 minutes for perigeanspring tides, as shown in the middle panel of Figure 7-1. The average lag in high water, relative to Onehunga Wharf,
is between 70–80 minutes. Onehunga Wharf, in turn, has a lag in the timing of high water for a mean tide range of
around 45 minutes from the ocean entrance to Manukau (Bell, et al., 1998), which means the high water at Jesmond
Bridge on a mean tide would lag around 2 hours after high water is reached at the Harbour Entrance.
The measured high-water level reached at Otūwairoa (Slippery Creek) Bridge (and similarly Jesmond Bridge) also
varies relative to Onehunga Wharf, with the height difference shown in the bottom panel of Figure 7-1. Spring-tide
high waters are lower by up to 0.15 m at Otūwairoa and Jesmond Bridges compared with Onehunga Wharf (positive
height differences in Figure 7-1), due to spring-tide dissipation up Drury Creek. Conversely, for the Otūwairoa and
Jesmond Bridge sites, lower neap high-waters are up to 0.06 m higher than Onehunga Wharf.
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Figure 7-1 Time series of measured water level from the temporary tide-gauge deployment at Otūwairoa (Slippery Creek)
Bridge (top) from 16-Dec-2019 to 12-Feb-2020, high-tide lag (mid-panel) and measured high-water difference
(bottom) relative to Onehunga Wharf.
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These high-water height differences with Onehunga Wharf are more clearly shown in Figure 7-2, where the
dissipation of the high waters during spring tides locally at Otūwairoa (Slippery Creek) Bridge and Jesmond Bridge
has implications for estimating extreme storm-tide levels at the Project site, when transferring available storm-tide
estimates from Pahurehure Inlet (Figure 3-1).

Figure 7-2 Comparison of measured high waters at Otūwairoa (Slippery Creek) Bridge and Onehunga Wharf over the
tide-gauge deployment, relative to NZVD-2016. Data source: Auckland Council provided the Onehunga Wharf data.

NIWA regularly uses a pragmatic definition of mean high-water spring (MHWS), being the level exceeded by only
10% of all high tides (excluding weather-related components), referred to as MHWS-10. It was obtained from the
cumulative distribution of high tides measured by both tide gauges (Otūwairoa (Slippery Creek) Bridge and Onehunga
Wharf) covering 112 high tides during the 58-day deployment (Figure 7-3), including some high perigean-spring
(“king”) tides in mid-February 2020. Primarily, Figure 7-3 is used to ascertain the relative offsets between various
percentile high-tide levels for both gauge sites, with the measured offsets then applied to the longer-term (50-year)
high-tide cumulative distribution of high waters for Onehunga Wharf to best determine the relevant tide marks at
Otūwairoa and Jesmond Bridges.
Using these offsets, the longer-term MHWS-10 at Otūwairoa and Jesmond Bridges is 1.72 m NZVD-2016 (Figure
7-4), which is offset approximately 0.08 m lower than MHWS-10 at Onehunga Wharf, with the offset derived from
Figure 7-3 for the 10-percentile high water.
Similarly, the longer-term Highest Astronomical Tide (HAT) mark at Otūwairoa and Jesmond Bridges is approximately
2.00 m NZVD-16 (Figure 7-4), using an offset of 0.17 m less from Figure 7-3.
It should be noted that the long-term MHWS-10 and HAT calculated for Onehunga Wharf over a 50-year period
covering all combinations of tidal constituents (excluding any weather or SLR effects), is 1.80 m NZVD-2016 and
2.17 m NZVD-2016 respectively (Figure 7-4).
Due to the rock sill downstream from the Otūwairoa (Slippery Creek) Bridge, which ponds water at lower tides, the
establishment of the mean tide level (MTL) 17 in the upper Drury Creek area from the gauge data was not clear-cut.
MTL is estimated to be ~2.48 m above Onehunga Chart Datum (or 0.01 m NZVD-2016) assuming a further 0.05 m
setup in mean-tide level from tidal frictional processes compared with MSL at Onehunga, noting Onehunga MSL is
already setup by between 0.045–0.06 m from the Manukau Harbour Entrance (Bell et al., 1998).

17

MTL is more applicable for use in tidal streams and creeks, where setup in the mean tide level occurs from streambed friction
rather than MSL, which is more relevant to coastal sea level.
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Figure 7-3 Cumulative distributions of ranked measured high waters (N = 112) at Otūwairoa (Slippery Creek) Bridge and
Onehunga Wharf over the 58-day measurement period (16-Dec-2019 to 12-Feb-2020). Data source: Auckland
Council provided the Onehunga Wharf data.

Figure 7-4 Schematics of tide marks and datums at Onehunga Wharf and Otūwairoa (Slippery Creek) Bridge (also
Jesmond Bridge), sourced from datum definitions and benchmarks LINZ (Tidal Almanac and Geodetic
Survey Mark database) and the Otūwairoa (Slippery Creek) Bridge gauge data.

7.2

Present-day storm tide levels

Storm-tide level is a combination of a high tide coincident with a storm surge and the MSL anomaly, which is the
variability in MSL from month to month (±0.2 m) due to climate variability such as the 2–4 year El Niño-Southern
Oscillation and the seasonal cycle. Storm surge is the temporary increase in water level above the predicted tide
when barometric pressure drops and onshore-directed winds lead to setup in the total water level. Storm surges can
be up to 1 m or more in estuaries and harbours in New Zealand. The estimates of storm-tide level are based on the
total measured water levels historically, rather than combining the various components that make up storm-tide
(Stephens et al., 2016). In New Zealand, the high tide at the time of an event dominates occurrences of extreme
water level in coastal and harbour areas, with the precursor nearly always a spring or perigean-spring high tide. This
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is another reason for the temporary tide-gauge deployment at Otūwairoa (Slippery Creek) Bridge, even though it was
not long enough to capture several storm-tide events.
The inputs and assumptions for estimating extreme storm-tide levels at Jesmond Bridge are:
◼

Storm-tide levels, for various annual exceedance probabilities (AEP), have previously been published in a 2016
NIWA/DHI report for Auckland Council (Stephens et al., 2016). These levels are relative to Auckland Vertical
Datum-1946 (AVD-46) and were converted to NZVD-2016.

◼

The offset between AVD-46 and NZVD-2016 used was 0.289 m (Figure 7-4).

◼

An additional 0.05 m setup of MTL was assumed for the Jesmond Bridge site relative to MSL at Onehunga
Wharf (Figure 7-4).

◼

Soffit and deck levels of the existing Jesmond Bridge, which dips down towards the westward end, range from
3.50–3.92 m and 4.06–4.48 m respectively, with an average of 3.7 m and 4.2 m NZVD-2016 respectively,
based on survey measurements by Aurecon and design drawings of the existing bridge from (Franklin County
Council, 1968; Sheet 2).

Stephens et al. (2016) calculated estimates of various extreme storm-tide levels in Manukau Harbour (Figure 3-1),
as listed in Table 7-1 for Onehunga Wharf (site #16) and Drury Creek mouth (site #67 in Pahurehure Inlet) in terms
of AVD-46 and converted to NZVD-16. The levels for storm-tide are conservative as the hydrodynamic model of the
Manukau Harbour used had a bias of between 0.01–0.09 m higher for water levels computed (Stephens et al.,
2016).
No storm-tide estimates were available within Drury Creek including at the Project site due to lack of information
including basic tidal characteristics and bathymetry of the Creek, which is why a temporary tide gauge was
deployed under the Otūwairoa (Slippery Creek) Bridge for the P2B project. So, discussion below outlines how this
new short-term tidal information was used with the storm-tide levels in Table 7-1.
Table 7-1 Present-day storm-tide levels for Onehunga and Drury Creek mouth from Table 3-6 of Stephens et al. (2016).
To convert to NZVD-2016, 0.289 m was subtracted from AVD-46 levels (Figure 3-16). Note: these levels are
relative to a MSL at Onehunga Wharf of +0.22 AVD-46. Sites are located in Figure 2-3.
Storm-tide levels

Annual Exceedance Probability (AEP), Average Recurrence Interval (ARI)
5%

2%

1%

0.5%

20 years

50 years

100 years

200 years

AVD-46 (m)

2.76

2.88

2.97

3.08

NZVD-2016 (m)

2.47

2.59

2.68

2.79

AVD-46 (m)

2.87

3.03

3.16

3.30

NZVD-2016 (m)

2.58

2.74

2.87

3.01

Onehunga Wharf (#16)

Drury Creek mouth (#67)

As shown in Table 7-1, the storm-tide levels increase for both 1% and 0.5% AEP events by ~0.2 m through
Pahurehure Inlet (e.g. at Drury Creek mouth), mainly as the tide range amplifies, in comparison to Onehunga Wharf
(site #16).
The MSL offset of 0.22 m AVD-46 at Onehunga Wharf, used for storm-tide levels in Table 7-1, is the same as listed
and discussed in 7.3 below, so no additional allowance is made for the baseline MSL for adding SLR projections to
the present-day storm-tide levels in the next sub-section.
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Starting with a comparison of measured high waters at both Otūwairoa (Slippery Creek) Bridge and Onehunga Wharf
(Figure 7-2), an interesting pattern emerges (as discussed above), where high water elevations at Otūwairoa
(Slippery Creek) Bridge (and similarly Jesmond Bridge) are higher than at Onehunga Wharf for neap tides but lower
than Onehunga Wharf during spring tides. This pattern is due to changes in friction exerted on the propagating tide
for different tide ranges in the shallow (shoaling) waters of Drury Creek.
Even though the cumulative exceedance distribution of measured high waters at both Otūwairoa (Slippery Creek)
Bridge and Onehunga Wharf (Figure 7-3), is a relatively short sample (58 days) in terms of absolute high-tide levels
for each percentile, the relativity or offset between the high-tide curves will be representative of the longer term tidal
characteristics between each site.
Figure 7-3 illustrates the pattern of lower high waters at Otūwairoa (Slippery Creek) Bridge than Onehunga for spring
tides, pivoting about the median (50 percentile), after which the high waters become higher at the Bridge site for
smaller tide ranges. At the 10-percentile high water, the difference in high water at Otūwairoa (Slippery Creek) Bridge
was 0.08 m lower than Onehunga Wharf, with a widening difference of 0.18 m lower during the large perigean-spring
(“king”) tide of 12-Feb-2020.
These measured reductions in high water at Otūwairoa and Jesmond Bridges for the higher spring tides, when more
extreme storm-tides are likely to occur, indicate that conservatively around an ~0.07 m reduction, relative to
Onehunga Wharf (#16) storm-tide elevations (Table 7-1), could be applied. However, as sea level rises, the tidal
propagation characteristics up Drury Creek could change, increasing the tidal setup in MTL, particularly if stopbanks
or seawalls are built to constrain tidal flooding or coastal erosion of the bank cliffs of the margins of the Creek. It is
uncertain at this stage how the high-water level will be affected by changes in tidal propagation, so conservatively
for this assessment no allowance was included for the reduction in storm-tide level, relative to Onehunga Wharf, to
cover this possibility.
Consequently, the present-day storm-tide levels estimated for Onehunga Wharf (#16) in Table 7-1, rather than the
levels for site #67, can be applied directly, without adjustments, to the design of the new Jesmond Bridge (and will
include SLR scenarios – see the next sub-section).
No allowance was included for local surface wave effects, given the sheltered environment, incised channel within
flanking cliffed banks and very short wind fetches at the Jesmond Bridge location.

7.3

Manukau Harbour baseline MSL for SLR projections

Chart Datum is defined relative to BM ADLT (LINZ code) at Onehunga Wharf and is 2.204 m below AVD-46.
The present-day MSL at Onehunga Wharf is 2.43 m Chart Datum, or 0.226 m AVD-46 or –0.063 m NZVD-2016
(Figure 7-4), covering an averaging period of 2001–2016. The mean tide level (MTL) at Otūwairoa (Slippery Creek)
Bridge is assumed to be the MSL at Onehunga Wharf plus a setup of 0.05 m (i.e. MTL is around 0.01 m NZVD-16).
SLR projections in the MfE coastal guidance (MfE, 2017) are relative to an earlier MSL baseline averaged over the
period 1986–2005 (Figure 7-5).
At Onehunga Wharf, the average MSL is only available for a more recent part of that baseline period, 2001–2008
(MfE, 2017; Appendix E; Table E-1), being 0.219 m AVD-46 or –0.070 m NZVD-2016. This same MSL was also used
by Stephens et al. (2016) for calculating extreme storm-tide levels at Onehunga Wharf.
Comparison of the MSL for this latter period with the longer, required, 1986-2005 baseline period at the Port of
Auckland (Waitematā) shows that MSL was slightly higher by 0.04 m for that later subset period 2001–2008. While
this additional rise in MSL can be subtracted from the available Onehunga MSL above, it will be offset by the assumed
additional 0.05 m setup in MTL for Otūwairoa (Slippery Creek) Bridge due to frictional processes up Drury Creek.
Therefore, the MTL to use at Otūwairoa as the baseline for adding the MfE coastal guidance SLR projections is
effectively the same as above: i.e., 0.219 m AVD-46 or –0.070 m NZVD-16 (for the baseline1986-2005 period).
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Note: MSL at Onehunga Wharf already has a setup of ~0.045–0.06 m relative to MSL at the Manukau Harbour
Entrance, due to setup of the mean tide level from frictional processes on tidal propagation in shallower and intertidal
waters of the Harbour (Bell et al., 1998).

7.4

Future storm tide levels and sea-level rise (SLR)

The new Jesmond Bridge will have an operational design life of 100 years (by 2120), which is also the timeframe
required by the NZ Coastal Policy Statement (NZCPS) to assess the effects on the coastal environment and the
effects of hazards and climate change such as SLR. The derivation below includes these aspects specifically for the
design of the new bridge and compares with the estimated deck and soffit levels of the existing Jesmond Bridge.
Figure 7-5 shows the MfE 2017 coastal guidance scenarios for SLR out to 2150, with Table 7-2 summarising the
SLR projected out to 2120, which is the end of the proposed bridge lifecycle. The SLR projections are relative to a
zero baseline mean sea level for the period 1986-2005. For the Manukau Harbour baseline MSL used, see the next
sub-section. The second column of Table 7-2 includes ongoing vertical land movement in the Auckland region (see
further below).
A recent scientific assessment, the 2019 IPCC Special Report on the Ocean and Cryosphere in a Changing Climate
[SROCC] (Oppenheimer et al., 2019), integrates new information on polar ice sheet responses to warming, slight
increases by 2100 for the higher scenarios. However, more recent studies and inter-comparisons of polar ice-sheet
modelling are slightly lower than SROCC report, so for the Project Assessment, the present national guidance (MfE,
2017) is adopted for stress-testing the bridge flood waterway for storm-tide flows.

Figure 7-5 The four SLR projections scenarios out to 2150 for New Zealand in the MfE Coastal Guidance (MfE, 2017)
relative to a baseline of the average MSL over the period 1986–2005. The annual MSL series (relative to the
same baseline) from gauges at the 4 main ports and Mount Maunganui (Moturiki) up to 2018 are added to show
how relative SLR is tracking. Source: MfE coastal guidance (MfE, 2017).
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Table 7-2 SLR projections (m) by 2120 (relative to 1986-2005 MSL) for the four NZ scenarios in the 2017 MfE coastal
guidance plus relative SLR that includes vertical land movement (VLM) estimate of 0.06 m. Note: the MFE
(2017) values apply across New Zealand and do not include local VLM.
NZ SLR scenario by 2120

MfE (2017) [m]

Relative SLR incl. VLM [m]

NZ RCP2.6 M

0.55

0.61

NZ RCP4.5 M

0.67

0.73

NZ RCP8.5 M

1.06

1.12

NZ RCP8.5 H+

1.36

1.42

The 4 SLR scenarios are based on global Representative Concentration Pathways (RCPs), which relate to a few
representative scenarios of the warming forcing for different global CO 2 emissions trajectories. They range from
RCP2.6 (e.g. akin to the 2015 Paris Agreement aspirational target) to RCP8.5 (no effective policies to reduce
emissions).
The RCP scenarios are not “equal” in terms of likelihood of eventuating – but simply represent a range of possible
futures. The MfE coastal guidance (MfE, 2017) makes it clear that it is not prudent to pick a middle-of-the-road or
best estimate scenario, or a worst case, but rather use all four SLR scenarios to stress-test any engineering project
or plan and incorporate adaptive design components where possible (MfE, 2017).
Descriptors of three of the RCPs used for the 4 SLR scenarios in Figure 7-5 are:
◼

RCP2.6 represents situation where severe curbs on global emissions will need to happen soon and by the last
quarter of this century have been reduced to net zero global emissions (along with carbon sequestration) to
keep temperatures under 2°C rise. This is becoming an increasingly challenging target.

◼

RCP4.5 represents a moderate emissions reduction pathway with initial reductions in emissions but rising again
and peaking at 2080 with global population peaking at 10B later this century.

◼

RCP8.5 represents a continued high-emissions baseline trajectory with no effective emissions reduction until
after 2100. This is a high energy-intensive scenario as a result of high population growth (13B by 2100) and
lower rate of green technology development. There is recent debate scientifically whether this RCP in the end
may not eventuate, given growing commitments to reducing emissions and particularly if climate-change
impacts later this century start to cause intolerable effects, leading to more global action for curbing emissions.
However, because of the lag times in polar ice-sheet and ocean response to the present emissions trajectory
(that is presently following RCP8.5), SLR will continue to increase, with deep uncertainty of the contribution to
SLR from the ice sheets – hence two SLR scenarios, based on percentiles (median, 83rd percentile; H+) of
SLR, are provided under the RCP8.5 pathway.

A fourth RCP (RCP6.0) was not used for the SLR scenarios in MfE(2017), as the projected SLR by 2100 was much
the same as for RCP4.5.
Building in an allowance for SLR also needs to include an assessment of the rate of vertical land movement (VLM),
with land subsidence contributing to a higher relative SLR, than just considering the rise in ocean level. Auckland is
located on the Australian Plate and has been viewed until recently as relatively stable. However, a recent update of
the trend in the 20-year continuous GPS record from Auckland (near the Port) indicates a small subsidence at a rate
of -0.56 mm/year (Denys et al., 2020). Long term, if this 20-year average subsidence rate was factored into the SLR
projections, it would accumulate to ~0.06 m in the next 100 years by 2120. This small component of relative SLR has
been included with the SLR projections, from Figure 7-5, in the design storm-tide levels for Jesmond Bridge.
Combining the baseline MSL (1986–2005) and the 4 SLR scenarios with the present-day storm-tide levels from Table
7-1 for NZVD-2016 levels), Figure 3-9 of the main report shows the rising storm-tide level over the lifecycle of the
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Project (and beyond to 2150 for information only) for the progressive increase over time for the 2% AEP (50-year
ARI) and 1% AEP (100-year ARI) storm-tide levels at Jesmond Bridge.
Table 2-1 of the main report lists the storm-tide levels by 2120 for each SLR scenario applicable to the Jesmond
Bridge. These values for future storm-tide levels can then be used for “stress-testing” the Jesmond Bridge design for
all four SLR scenarios adjusted for VLM, including consideration of adaptive designs that can be implemented
sequentially if and when required as SLR reaches pre-defined adaptation thresholds.

8

LOCAL SCOUR AROUND BRIDGE PILES

In assessing local scour that occurs around bridge piles for both the initial design (with piles in the sub-tidal channel)
and the final proposed design (piles on flanking intertidal areas), I used the Hydraulic Engineering Circular No. 18
equation (US Dept of Transportation, 2012), to guide estimates of the potential scour depth and width, assuming that
the substrate sediments are entirely erodible below the streambed. The HEC-18 equation for scour, which is suitable
for use in tidal situations, is:
𝑦𝑠

𝑎

0.65

(𝟏)
) 𝐹𝑟1 0.43
𝑦1
𝑦𝑠 = scour depth (ft)
𝑦1 = flow depth (ft)
𝑎 = pile diameter (ft)
𝐾1 = adjustment for pier/pile nose shape (default 1.0)
𝐾2 = adjustment for angle of flow attack (pile = 1.0)
𝐾3 = adjustment for bedforms (planar bed = 1.1)
𝑉
𝐹𝑟1 = Froude Number = 1⁄
√𝑔𝑦1
𝑦1

= 2.0𝐾1 𝐾2 𝐾3 (

𝑉1 = mean velocity (ft/s)
𝑔 = gravitational acceleration (32 𝑓𝑡/𝑠 2 )
For the flow depth I used a mean tide level + 1.0 m sub-tidal depth, for present day (2.7 m) and with 1 m SLR (3.7 m).
For ebb or flood-tide velocities, I tested the sensitivity of 0.6 m/s and 1.0 m/s. The pile dimeter is 1.2 m.
Scour width (W) from the circumference of a pile can be estimated by:
𝑊 = 𝑦𝑠 (𝐾 + 𝐶𝑜𝑡𝜃)
(𝟐)
Bottom width of the scour hole scaled to depth of scour 𝑦𝑠 (K = 1 if bottom width the same as scour depth)
𝜃 = angle of repose of sediment (30-40°)
For the new piles for the Jesmond Bridge in the sub-tidal channel, the top width of local scour potentially ranges from
1 to 2.8  𝑦𝑠 . Less local scour would occur for the proposed bridge piles placed higher on the flanking intertidal area
(refer to Figure 8-1 below).
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Figure 8-1 Schematic of the potential width and depth of local scour around a pile is the substrate sediments are
entirely erodible with depth below the streambed. Source: US Dept of Transportation (2012).
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