Before the Independent Hearing Panel appointed by
the Canterbury Regional Council

IN THE MATTER OF The Resource Management Act
1991

AND

IN THE MATTER OF Application CRC242267 by the
Christchurch City Council to install a series of coastal
erosion and inundation protection works along the
estuary edge between South New Brighton and
Southshore.

Addendum to Section 42A Officer’s Report
Report of Bruce Martin Gabites

Introduction

Background

1.

This report forms part of the Canterbury Regional Council's (CRC) audit of the
assessment of environmental effects (AEE) provided by the Christchurch City Council
(the applicant) in support of resource consent applications for a series of coastal erosion
and inundation protection works along the estuary edge between South New Brighton
and Southshore.

This report will provide the decision-maker with information and advice related to:

a. the actual and potential effects of the proposed activities on nearshore coastal
processes

While not required for a Council hearing for a resource consent application, | have read the
Code of Conduct for Expert Witnesses in giving evidence to the Environment Court. | agree
to comply with that code when giving evidence to the Hearing Panel in this matter. All my
evidence is within my expertise and | have considered and stated all material facts known
to me which might alter or qualify the opinions | express.

Qualifications

4.

I have been employed by the Canterbury Regional Council (CRC) as a coastal hazard
scientist since 2003 and have been responsible for monitoring rates of change along the
Canterbury coast since this time. | hold a Master of Science degree in Marine Science
from the University of Otago.

Scope of Report

5.

This report is prepared under the provisions of section 42A of the Resource
Management Act 1991 (RMA). This section allows a council officer or consultant to
provide a report to the decision-maker(s) on a resource consent application made to the
council and allows the decision-maker(s) to consider the report at the hearing. Section
41(4) of the RMA allows the decision-maker(s) to request and receive from any person



who makes a report under Section 42A "any information or advice that is relevant and
reasonably necessary to determine the application".

This report is supplementary to the Section 42A Report prepared by the CRC for the
above resource consent applications. Full details of the consent applications are
provided in that report. To carry out this audit of the consent applications | have
considered the relevant sections of the assessment of effects on the environment (AEE)
submitted by the applicant, including its technical appendices. | have also reviewed
further information that was provided by the applicant on the 16" of February 2025.
Finally, | have also taken into account relevant issues raised by submitters in relation to
the effects | have considered in this report.

Assessment of Receiving Environment

7.

10.

11.

12.

13.

14.

15.

The Christchurch City Council is proposing to construct and install a series of coastal
protection structures along the Avon-Heathcote Estuary edge and adjoining land
between South New Brighton and Southshore to lessen the impacts of coastal hazards
on the local community.

A large part of the estuary side of Southshore and South New Brighton was purchased
by Land Information New Zealand (LINZ) on behalf of the government following the
Christchurch Earthquake Sequence (CES), and an inundation bund was constructed on
this ‘red-zoned’ land as well as adjoining properties to provide protection to the
surrounding areas from seawater inundation.

The local community is concerned about two coastal hazards, both of which will be
addressed in this project. The first hazard is the loss of land along the estuary edge due
to coastal erosion, while the second hazard is inundation of low-lying land around the
South New Brighton and Southshore area by seawater, which is caused by high estuary
water levels or a combination of high water levels and locally generated waves.

In order to address these two coastal hazards, the Council is proposing to construct a
series of gabion baskets, rock revetments and cobble beaches to armour and protect
the shoreline against further future coastal erosion.

The current estuary edge in this area predominantly contains a series of ad-hoc and
informal protection structures that were presumably installed by the previous adjacent
landowners at various times and to varying construction and engineering standards and
with a wide variety of materials.

A large portion of these existing or remnant protection structures along this stretch of
coastline are in a poor condition and many individual structures have failed during, and
as a result of the Christchurch Earthquake Sequence.

In addition, and due to land subsidence that occurred during the Christchurch
Earthquake Sequence, many of these protection structures are now at levels where they
are overtopped by waves and this combination of factors has led to erosion of the land
behind.

The initial application planned to encapsulate and/or reuse the remnant protection
structures into the new erosion protection works, however recent amendments to the
proposal will see the remnant protection structures removed altogether with the edge
protection structures and the inundation bund shifted inland.

The second intention of this proposal is to replace the existing LINZ bund with an
engineered bund along the approximate orientation of the existing bund to a level of 11.5
m CDD (Christchurch Drainage Datum). This height has been chosen to be consistent
with similar bunds and to satisfy the CCC requirements of a minimum bund level of 11.4
m CDD. A height of 11.5 m CDD will provide 0.1 m of freeboard above the Council’s



16.

17.

minimum bund level of 11.4 m CDD to allow for construction tolerance and general
settlement.

The edge protection structures are planned to be seaward of the inundation bund to
provide protection to the inundation bund during high water level and coastal storm
events.

The works that are proposed to occur in this project have a design life of 20 years which
are intended to provide sufficient time for the CCC to undertake appropriate consultation
and planning with the local community so that a series of future adaptation measures
and strategies can be implemented to ensure the resilience of the community is
maintained into the future.

Assessment of Effects on the Environment

18.

19.

20.

| have read the Southshore and South New Brighton Park Preliminary Design Report
(Appendix D) of the consent application and make the following comments on the
information contained within it.

The design basis for the inundation bund is given in section 3.1.2 (Pg 8) and the criteria
for the bund include the following features:

Design level of protection to be able to be maintained for 20 years to allow time for
decisions with communities on longer-term adaptative planning responses to climate
change and sea level rise to be made and implemented. The expected physical lifetime
of the structures will be longer than 20 years, however, increased maintenance and
repairs may be required to maintain the structures after this timeframe.

Maximum storm scenario (waves and water level): Protection from erosion in a 50-
year return period (2% AEP) extreme estuary water level combined with waves
generated by a 50-year return period (2% AEP) south-west or westerly wind event
blowing across the estuary.

No allowance for increased water levels due to sea level rise, or other climate change
factors (e.g. increased wind climate, changed fluvial/pluvial flood frequency).

No allowance for further land subsidence along the shoreline.

Bund structures will be designed for standard static conditions but not be designed to
withstand seismic load cases and will require inspection and maintenance following a
seismic event.

One of the key pieces of information within the design report in my opinion is the estuary
water levels provided in Section 2.3 and specifically within Table 2-1 (Pg 5) which is
included below.

Table 2-1. Storm Tide Levels at Bridge 5t from Mulgor (2018) and GHD (2021)

Reference Mean SeaLevel Mean High Highest
(MSL) Water Springs Astronomical
(MHWS) Tide (HAT)
Mulgor (2018) 921 m CDD 10.26 m CDD 10.43 m CDD 11.06 m CDD 11.14 m CDD 11.39 m CDD
GHD (2021) - - - 11,12 m CCD 11.19m CDD 1143 m CDD

Mote:

21.

CDD = Christchurch Drainage Datum

These values are the basis for the design level of the inundation bund and are also one
of the key parameters in the design criteria for determining the amount of damage and
the level of overtopping to the rock revetment. They therefore underpin the entire project
and | consider it appropriate that they be examined.
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Water levels within the Avon/Heathcote |hutai Estuary have been measured by the
Christchurch City Council at the Bridge St recorder site since 1997, and this data set
has been synthetically extended back to 1960 (Jacobs 2019) to give a longer term
record, and this longer record was used by Mulgor (2018) and GHD (2021) to calculate
projected water levels of the estuary for a specified series of return period events. | have
no reason to suspect that the values in this table are incorrect, and | therefore consider
that these values are accurate and appropriate to use.

The highlighted values shown in Table 2-1 above are those that have been used in the
design report and of particular note in this table is the height for a 50 year return period
water level event which as calculated by GHD (2021) is 11.12 m CDD (Christchurch
Drainage Datum).

The new inundation bund in Southshore and landward of the South New Brighton Park
will be built to a level of 11.5 m CDD to be consistent with similar bunds and to satisfy
the CCC requirements of a minimum bund level of 11.4 m CDD. It is expected that the
build level of 11.5 m CDD will provide sufficient allowance for post construction
settlement and variations in survey tolerances of up to 100 mm to occur so that the
finished bund will still satisfy the CCC bund height requirements.

Based on the calculated water levels shown in Table 2-1, the inundation bund height of
11.5 m CDD will provide approximately 380 mm of freeboard above the 50 year ARI
estuary water level event, approximately 310 mm of freeboard above the 100 year ARI
water level, and approximately 230 mm of freeboard above the 200 year ARI estuary
water level. The finished bund will provide approximately 470 mm of freeboard above
the 20 year ARI estuary water level and is in my opinion, unlikely to be overtopped within
the 20 year consenting timeframe.

The bund level of 11.5 m CDD effectively provides protection for estuary water level
events with return periods of between 500 and 1000 years without taking into account
changes in sea level due to climate change factors, or changes in ground levels.

A key requirement of the inundation bund is to provide protection against erosion in a 1-
in-50 year estuary water level event in combination with a 1-in-50 year wave event.

An analysis of a 1-in-50 year return period wave event was not provided within the
design report, however a slightly lower 1-in-20 year return period wave event had been
calculated in an earlier study by Jacobs (2020). In this report, Jacobs (2020) found that
waves with significant heights of approximately 0.7 m and periods of 3.1 s could be
generated from winds blowing from the west or south-west across the estuary, and the
resulting wave run-up elevations for these waves were calculated to reach 0.2 m above
the extreme water levels in this event. Given this information, | would anticipate that a
longer 1-in-50 year return period wave event would have slightly larger wave heights,
longer periods and therefore higher run-up heights than those for a 1-in-20 year event.

If a combined wave and water level event were to occur at the same time within the
estuary, and based on 0.2 m of wave run-up occurring in a 1-in-20 year return period
wave event within the estuary, the proposed inundation bund built to a level of 11.5 m
CDD is also likely to provide protection during combined events where the water level is
at an ARl level of up to 1 in 200 years.

Assuming that a slightly larger amount of wave run-up were to occur in a 1-in-50 year
wave event, the proposed inundation bund built to a level of 11.5 m CDD is also in my
opinion, likely to provide protection during combined events where the water level is at
an ARI level of up to 1 in 100 years.

A 1-in-50 year water level event on its own has an approximately 33% probability of
occurring over the next 20 years (https://www.weather.gov/epz/wxcalc floodperiod).
Theoretically, a 1-in-50 year wave event has the same probability of occurring over the
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37.

same timeframe as the water level event, however | consider that there is a relatively
high level of dependence between the estuary water level and the likelihood of a high
wave event. In my opinion, high wave events are more likely to occur during high estuary
water levels, however there also remains a level of independence between the two
factors as a high estuary water level does not necessarily mean that a high wave event
will also occur.

In my opinion, the probability of both events occurring concurrently will be less than the
33% probability of each event occurring on its own, however | also consider that the
probability of both events occurring concurrently will also be noticeably higher than if the
two events were treated as being completely independent of each other and simply
multiplied together. If such a calculation were performed, the resulting event would be a
1-in-2500 year event (0.04% AEP event), which has a 0.8% probability of occurring
within the next 20 years.

| therefore consider the use of a 1-in-50 year estuary water level event in combination
with a 1-in-50 year wave event to be overly conservative considering that the design life
timeframes for the proposed erosion protection structures are for 20 years. It is
acknowledged in the design basis that the expected physical lifetime of the structures
will be longer than 20 years, and that after this time, there may be a requirement for
increased maintenance and repairs to occur and be undertaken in order to continue to
provide a sufficient level of protection to the local community.

One of the key points of the design basis was that no allowance was made for climate
change considerations such as increased water levels due to sea level rise, or other
climate change factors (e.g. increased wind climate, changed fluvial/pluvial flood
frequency). No allowance was also made for land subsidence along the shoreline.

The reason to not include climate change effects/SLR at the design stage was taken by
the CCC after discussions with the local community that have been ongoing since the
Christchurch Earthquake Sequence. What is being proposed in this application is
therefore a relatively short-term solution that is being taken to deal with the impacts of
the Christchurch earthquakes and to allow the CCC to consult further with the local
community about future adaptation solutions to climate change.

If increases in sea level due to climate change effects and changes in local ground level
are taken into account (such as from the NZ Searise project), this is likely to increase
the likelihood of an event occurring and therefore decrease the return period over the
design life of the structures. However, | do not believe that the changes in the level of
the sea or changes in the ground levels in the wider area over the next 20 years will
have any material impact on the protection afforded to the community in this area by the
construction of the inundation bund to this height. | therefore consider that a bund height
of 11.5 m CDD will provide protection against inundation for at least the next 20 years
even with sea level and ground level changes.

The requirements for the inundation bund as specified by the CCC are shown in section
3.2.1 (Pg 9) of the Design report and these are:

Construct an engineered bund to RL 11.5 m beside the existing LINZ bund alignment
in Southshore, and between the Jetty near Beatty Street and the southern end of the
campground on Halsey Street in South New Brighton Park, the same as is provided
along the lower reaches of the Otakaro Avon River

The new bund will be approximately 5 m set back from the erosion protection or behind
the existing LINZ bund in Southshore, whichever is further from the edge. The South
New Brighton Park bund has been set back from the edge by between 40 to 180
metres.
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The proposed orientation of the inundation bund is generally along the alignment of the
existing LINZ bund through the Residential Red Zone in Southshore to avoid overlooking
adjoining properties and to allow the ongoing use of the land in its current state. For the
South New Brighton Park area, the original alignment of the proposed inundation bund
was through coastal forest and generally followed existing paths to minimise the impacts
on trees. For both locations, the ends of the inundation bunds are proposed to tie into
existing areas of high ground to provide a continuous level of 11.5 m CDD.

Early in the Design report (Pg 1), it is stated that: “The existing LINZ bund was
constructed as a temporary and non-engineered measure after the demolition of the
RRZ (Residential Red Zone) properties to replace some of the inundation protection
previously provided by private property boundary structures. This was generally
constructed of site-won topsoil and did not respond to a specific design level and some
locations along the LINZ bund are lower than the projected 50 year return period tide
level.”

The height and position of the LINZ bund along Southshore was noted in the earlier
Jacobs (2019) Estuary edge condition inventory report (Section 7.1.2 — Pg 47) and this
section stated that: “Within cleared RRZ, LINZ as the post CES land owner, constructed
a temporary bund (O1-A) to a general elevation of 11.2 m following the March 2014
storm tide event (10.90 m) to provide protection from estuary flooding. At the time of
construction, the bund was not continuous; as did not include the road ends which were
council land. However, following flooding in these location in extreme storm tides in July
2017 (10.96 m), these gaps were filled by council as emergency works, such that the
bund now provides continuous protection over a 1.6 km length from Godwit Street to
south of Tern Street. As reported by Ch2M Beca (2019) the bund comprises of grassed
soil section (constructed by LINZ) and aggregate or quarry run sections (constructed by
council).”

The proposed alignment of the inundation bund has therefore been chosen for reasons
that appear to have little to do with fulfilling a specific inundation hazard requirement.

The protection structures for the inundation bund have been designed so that less than
5% damage occurs to the armour units during a coincident 50-year wave and estuary
water level event (section 3.3.2.1 of the Preliminary design report). Table 3-1 specifies
the criteria used in the assessment and design of the rock revetment.

Table 3-1. Damage and overtopping criteria for the rock revetment

Return E Significant  Significantwave  Armour unit Overtopping

Period level (m wave height, period, Ts (s) damage damage criteria
(years) CDD) Hs (m) criteria

50 1112 08 32 Mo damage < 20 l/s/m at the
revetment (no
significant erosion
behind the structure)

43.

44.

These two considerations — the proposed alignment of the inundation bund and the
requirement for less that 5% damage to occur to the erosion protection structures —
along with the use of a concurrent 1-in-50 year estuary water level event and a 1-in-50
year wave event within the estuary has driven the design of the erosion protection
structures and to a large degree, also determined the location of the erosion protection
structures.

Three different structures have been proposed to provide protection against erosion for
different sections of the coastline within the project area, with these structures being a
series of gabion baskets, a rock revetment, and a cobble beach. All three protection
structures are proposed to have a crest height of 11.3 m CDD and have been designed
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so that wave run-up may overtop them during large storm events without causing
significant damage to the structures.

The design of the erosion protection works is such that additional material can be added
to the structure at some point into the future should future sea levels require this to
happen.

At Southshore, a rock revetment is proposed for the majority of the shoreline in this area,
with a 330 m section of cobble beach proposed for the area between 62b and 88
Rockinghorse Rd.

A series of gabion baskets have been proposed for the South New Brighton Park area
from the boat ramp to 50 m north of Jellicoe Marsh to provide protection to a series of
middens which have historic and cultural heritage values so that they can be protected
and preserved. These baskets have also been chosen for their small footprint which
minimises the impacts on the ecology of the estuary mudflats while still being able to
provide adequate protection against erosion.

A cobble beach was originally proposed for the southern end of this section of coast,
however another recent amendment to the project will see the cobble beach replaced
with a more naturalised, yet still engineered ‘soft edge’ shoreline. A recent amendment
to the proposal would effectively see this area becoming a trial area for ‘softer
engineered protection structures, and at the time of writing, will comprise a series of
imported rock ‘headlands’ placed at regular intervals, with locally available beach
material and imported sand used to create a series of SW facing beaches between the
‘headlands’. Appropriate planting would also take place towards the back of the created
beaches.

The cobble beach would however remain as an option for this area if the amount of
future shoreline erosion is deemed greater than what the community is willing to
withstand. As part of the trial of these proposed ‘soft’ engineering solutions, a series of
yet to be determined ‘failure triggers’ or points at which the trial is deemed to have been
unsuccessful in protecting the shoreline against erosion are to be included, and if or
when these trigger points are reached, it is envisaged that the originally proposed cobble
beach would be installed in this area.

It is acknowledged in the design report (Section 3.3.3.1 Pg 16) that: “A minimum median
cobble size of Dnsp = 130 mm is required at South New Brighton Park. Smaller depth
limited wave conditions are estimated at Southshore due to the higher estuary bed
elevation, and therefore the minimum required median cobble size is slightly less (Dnso
=100 mm).”

As already mentioned, the cobble beach option at South New Brighton Park is proposed
to now become a ‘backstop’ option if or when a more natural ‘soft edge’ trial is deemed
unsuccessful in this area. However, it is my opinion that if a conservative combination
of wave and water level factors has been used in the design process and has found that
a cobble beach will provide sufficient protection against coastal erosion for the next 20
years in the South New Brighton Park area where the combination of water, wave and
river channel processes are likely to be greatest within the estuary, | see no reason from
a coastal process and hazard assessment perspective why a ‘harder’ engineered rock
revetment is therefore required for the majority of the Southshore estuary shoreline.

The higher estuary bed elevations around Southshore will effectively have the impact of
reducing the wave heights in this area, and as this area is also further from where the
main channel of the Avon River enters the estuary, | consider it likely that the impacts
from the river channel are also likely to be lower. The wind fetch across the estuary from
southerly through to south westerly wind directions is also slightly lower for the
Southshore area (refer to section 4.2.3.1 of the Coastal processes assessment) and |
therefore believe that the Southshore area is likely to be subject to generally less
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energetic wave, water and river channel processes when compared to those adjacent
to the South New Brighton Park area.

It is my opinion that a slightly ‘softer’ engineered cobble beach along the Southshore
estuary coastline would also provide sufficient protection against coastal erosion for this
area, and the selection of the rock revetment along the majority of the Southshore
estuary shoreline appears excessive given the wave and water conditions that are to be
mitigated against.

| have also read through the Coastal Processes and Natural Hazards Assessment in
support of Resource Consent Application report (Appendix |) of the consent application
and make the following comments on the information contained within it.

In my opinion, the key parts of this report are located within Section 4. This section
provides a thorough assessment of the coastal processes that are operating within the
project area and wider estuary environment, and in my opinion, the author uses
appropriate data and sources of information to assess the environment in sufficient
detail. | consider that the information provided within this section is therefore appropriate
for the scale and location of the proposed activities, accurate, relevant and sufficiently
detailed for me to make an assessment of the potential effects that the proposed
structures may have on the coastal environment.

The assessment is limited in directly assessing the impacts of climate change and SLR,
however climate change effects were considered in the amounts of projected future
coastal erosion around the estuary edge (section 4.2.6 — Pg 29), as well as in the
effectiveness of the inundation bund at the end of the proposed consent duration
(section 5.1.5 — Pg 38).

The extreme estuary water levels are shown in Section 4.2.3 of the report, and as these
values are the same as those used in Section 2.3 of the Design report, | see no need to
repeat my analysis of these here.

The estuary edge has been subject to a number of investigations and reports since the
earthquakes, including the Avon-Heathcote lhutai Estuary Edge Condition Inventory
report which was carried out by Jacobs in 2019. This particular report provides a detailed
investigation into the condition and height of the various edge structures from North of
Bridge Street through to the South Brighton Spit Tip, and it also quantifies the amount
of erosion that has occurred since the CES by using the August 2010 estuary edge
position as the baseline against which the amount of erosion since has been measured
against. Due to its comprehensiveness and relatively recent assessment, | consider that
it contains relevant information that is pertinent to this application.

The August 2010 shoreline position for the majority of the Southshore estuary coastline
is not the same as the historic unmodified and therefore “natural” estuary shoreline of
the 1950’s or earlier. Numerous reclamations and protective structures have clearly
been installed and undertaken since the 1950’s which have encroached into the estuary
and subsequently pushed the estuary shoreline further seaward. The 2010 shoreline is
therefore noticeably different to the 1950’s shoreline and generally further seaward, so
by choosing the 2010 shoreline position as the baseline against which shoreline change
has been measured, in many locations land that has been reclaimed between the 1950’s
and 2010 will appear to have been ‘lost’ since 2010, even if the erosion of that land since
2010 means that the shoreline is now effectively in the same position as it could have
been if the land was not reclaimed in the first place.

The Jacobs 2019 shoreline assessment report concluded that 40% of the 7.1 km
shoreline between South New Brighton and south of Tern St had been stable (+/- 1 m)
since 2010, with a further 34% having undergone erosion since February 2011. The
majority of the erosion that had occurred in this area was less than 4 m, with only 330
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m (5%) of the 7.1 km of shoreline between South New Brighton and south of Tern St
experiencing erosion of greater than 4 meters.

For the Southshore area, 37% of the shoreline behind the existing structures along the
Godwit Street to south of Tern Street shoreline has eroded since the CES, with the
amount of erosion being generally less than 4 m as it was concluded that the remnant
protection structures still provide some degree of erosion protection. Erosion of greater
than 4 m was only observed for a 40 m stretch of coastline immediately south of Godwit
Street. Erosion was found to be prominent around areas where there were gaps in the
protective structures, and in some instances, these areas of localised erosion have been
informally filled with loose rubble and other material to prevent any further erosion.

The Jacobs 2019 shoreline assessment noted 75% of the South New Brighton Park area
had suffered erosion, with the areas of highest erosion corresponding to the locations
where the elevations of the reno mattresses were at their lowest.

One of the key sections of the natural hazards assessment report is Section 4.2.6, which
specifies the projected amounts of future coastal erosion that may occur at given dates
in the future under various amounts of sea level rise. The information contained in this
section primarily comes from a report carried out by Tonkin & Taylor in their 2021 coastal
hazards assessment for the Christchurch City Council. | have reviewed the information
in this report by Tonkin & Taylor and consider that the values they have used for
calculating amounts of change within the Avon-Heathcote estuary to be appropriate. |
therefore am comfortable with the values for the various parameters (shown in Table
4.24 of T&T 2021 Pg 81) that are used in the calculations of the Area Susceptible to
Coastal Erosion around the Avon-Heathcote estuary (Table 5.4 on page 111 of T&T
2021) and which are also summarised in Table 4.2 (Pg 29) of the natural hazards
assessment report shown below.

Table 4.2: Summary of projected future coastal erosion produced by Tonkin & Taylor (2021) for
Southshore from the combination of 5LR, short term storm cut and extrapolation of long-term rates.
Greyed boxes are most relevant estimates for the design life of this project.

2050 (66%)™" 2080 (66%) 2130 (66%)
0.2 m SLR 0.4m S5LR 0.4m SLR 0.8m 5LR 0.4m SLR 1m SLR 1.5m SLR
Southshore (T&T Cell 16; -5m -Bm -6m -12m -4m -12m -13m
Plover to Tern Street)
Southshore (T&T Cell 17; -11m -14 m -18 m -24m -26m -34 m -39 m
Plover to Ebbtide Street)

64.

65.

| do note that the T&T approach to future coastal erosion involves the use of a ‘banks
down’ scenario where the existing protection structures are assumed to not be present.
As the existing structures still have some protective function against coastal erosion, |
consider the projected amounts of future erosion to be conservative if the structures
remain as they presently are, however | also note that recent changes to the proposal
now include the removal of these structures. In light of this change, | consider the use
of the ‘banks down’ approach and therefore also the projected amounts of future coastal
erosion to be appropriate.

| also note that the values for the storm cut distances within the T&T report (section 4.4.2
Pg 74 T&T (2021)) are considered to be conservative as these distances assume that
an equilibrium beach profile is reached during a given storm. This approach therefore
does not take into account the fact that an equilibrium profile may not be reached during
the storm or alternatively assumes that an equilibrium profile is reached within the
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storm’s duration and without regard for whether it would be physically possible for the
assumed changes to the beach profile to actually occur.

| also believe that the amount of future erosion is likely to be primarily driven by specific
storm events rather than due to ongoing gradual erosion of the shoreline. As an
example, the value of -5 m of erosion that is estimated to occur for Cell 16 through to
2050 with 0.2 m of SLR is composed of an estimated storm cut amount of 3 m coupled
with additional erosion of 2 m due to SLR.

Overall, | consider that the information presented in this section of the report is accurate
and | agree with the conclusion that erosion of between 5 to 11 m may potentially occur
over the next 25 years through to 2050 if there is relative sea level rise of 0.2 m.

An important point to note about the amounts of future coastal erosion calculated within
the T&T (2021) report and referenced here, is that the baseline against which the future
erosion is measured from is the toe of the structure for Class 1 structures (significantly
modified shorelines). This implies that the amount of erosion that could occur into the
future is measured against the base of the existing structures along the Southshore
coast, rather than from the current shoreline position. (section 3.2 pages 31-32 of T&T
(2021). Any erosion that has subsequently occurred since the earthquakes could be
considered to be expected to have occurred and therefore the amount of potential future
erosion may be discounted by that which has already occurred.

The Jacobs 2019 estuary edge report found that: “The current LINZ inundation bund
alignment is setback by 0 m to up to 20 m from the present-day edge.” Further
information on the distances between the LINZ bund and the estuary edge structures
along Southshore are given in Section 7.3 of the Estuary edge condition inventory report
(Jacobs 2019), and for the section of estuary coastline between Godwit and Heron St,
section 7.3.1 (Pg 57) of the inventory report states: “The setback distance between the
LINZ bund (O1) and the estuary edge varies between 0 — 15 m. The two areas where
the bund is along the edge (44a Rockinghorse Rd and Heron St), it has been protected
by council placed rock revetment.”

Based on the projected amount of future coastal erosion between Plover and Ebbtide St
from the Tonkin & Taylor 2021 analysis shown in Table 4.2 through to 2050, | consider
that the existing LINZ bund between Godwit and Heron St is unlikely to be subject to
erosion within the next 20 years.

For the section of estuary shoreline between Heron St and Penguin Street, section 7.3.2
of the Estuary edge condition inventory report (Jacobs 2019) (Pg 57) states: “The
setback distance between the LINZ bund and the edge structures varies between 10-20
m along this sub area.”

| consider that an approximate 25 m length of the estuary shoreline seaward of #78
Rockinghorse Rd as well as a 20 m length of shoreline at the end of Penguin Street may
be susceptible to erosion of the LINZ bund within the next 20 years if the projected
amounts of future coastal erosion for the area between Plover and Ebbtide Streets do
occur.

For the section of estuary shoreline between Penguin Street and Plover St, section 7.3.3
of the Estuary edge condition inventory report (Jacobs 2019) (Pg 59) states: “The
setback distance between the LINZ bund and the estuary edge structures is between
10-15 m along this sub area.”

Using the projected amount of future coastal erosion between Plover and Ebbtide St
from the Tonkin & Taylor 2021 analysis shown in Table 4.2 through to 2050, | consider
it unlikely that erosion of the existing LINZ bund will occur for the area between Penguin
Street and Plover Street within the next 20 years.
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For the section of estuary shoreline between Plover Street to Tern Street, section 7.3.4
of the Estuary edge condition inventory report (Jacobs 2019) (Pg 59) states: “The
setback distance between the LINZ bund and the estuary edge structures in this sub-
area is in the range of 8-15 m.”

Using the projected amount of future coastal erosion between Plover and Tern St from
the Tonkin & Taylor 2021 analysis shown in Table 4.2 through to 2050, | consider it
unlikely that erosion of the existing LINZ bund will occur for the area between Plover
Street and Tern Street within the next 20 years.

Lastly, for the area South of Tern Street, section 7.3.5 (Pg 59) of the Estuary edge
condition inventory report (Jacobs 2019) stated: “The LINZ bund terminates
approximately 150 m from the southern end of this area, being is (sic) setback from the
estuary edge around 15 m at Tern Street and around 60 m at its southern end.”

Using the projected amount of future coastal erosion between Plover and Tern St from
the Tonkin & Taylor 2021 analysis shown in Table 4.2 through to 2050, | consider it
unlikely that erosion of the existing LINZ bund will occur for the area south of Tern Street
within the next 20 years.

Overall, apart from two areas of between 20 to 25 m each between Heron and Penguin
Streets, it is my opinion that the current position of the LINZ bund along Southshore is
located a sufficient distance landward of the existing estuary edge structures that the
LINZ bund is unlikely to be subject to coastal erosion for the next 20 years, even with
relative sea level rise of up to 0.2 m. Put another way, | do not consider that the projected
amounts of estuary edge erosion along the Southshore estuary shoreline are likely to
result in erosion of the existing LINZ inundation bund in this area within the next 20
years, and | therefore struggle to see why hard coastal erosion protection works are
required.

Another way to consider the information presented is that if the proposed inundation
bund along Southshore was located 5 m or more further landward of the existing LINZ
bund wherever possible, it is my opinion that there would likely be sufficient space for a
natural estuary edge to develop. In my opinion, there is time and space for natural
coastal, estuarine and ecological processes, including sea level rise impacts associated
with climate change and ground level changes to shape the natural estuary edge without
impacting on the level of protection afforded to the local community from the proposed
inundation bund and necessitating the need for erosion protection works for the next 20
years.

| am generally in agreement with the conclusions reached in Sections 5 and 6 of the
Coastal Processes and Natural Hazards Assessment report (Appendix |) and from the
information provided, | don’t expect that there will be significant impacts on coastal
processes from the proposed activities either during construction or once the works have
been completed.

The estuary is a relatively low energy environment, and the estuary edge is away from
the main channels from the Avon/Otakaro and Heathcote/Opawaho and therefore
generally unaffected by river flow. The estuary edge is generally only affected by coastal
processes around high tide and during storm tide events, so there is only a relatively
short window over which coastal processes can act upon the estuary edge.

In my opinion, this time element is likely to limit the scale of any impacts that do arise to
being relatively small, and localised. The structures to be built along Southshore will
form a continuous structure and will be tied into existing structures and higher ground at
the southern end of Southshore. | therefore believe that the chance of ‘end effects’
occurring will be low and even if such effects do occur, | believe that they’ll be relatively
small and localised due to the low energy environment and the short window through
which waves can impact upon the coast.
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If consent were granted for the erosion protection structures, | also don’t believe that
there will be many issues during construction from a coastal hazard perspective unless
there is a significant storm or other natural hazard event that occurs while construction
is occurring. The erosion protection works will occur in a gradual and staged manner
along the coast as tides and weather windows allow, and one of the requirements for
construction is that the edge won’'t be left unprotected during construction. This
requirement should therefore limit the amount of edge excavation and erosion protection
that can get done, to that which can be achieved in a day.

As the erosion protection works progress along the coast, there is potential for scour of
the ‘softer’ unprotected shoreline to occur where this butts against the ‘harder’ erosion
protection works. This risk will exist for the duration of the construction of the erosion
protection works and essentially move along the coast as the works progress, however
given the generally low energy environment in which the works will be occurring and the
relatively small window over which the coast could be impacted, | consider that this risk
can be mitigated by the construction methods and earlier mentioned edge protection
requirement.

Based on the proposed design plans, and assuming that the proposed works are carried
out by a competent and experienced earthworks contractor to the specifications, depths
and heights, and with the proposed materials shown in the design document and the
accompanying design drawings, | consider that the proposed inundation and erosion
protection works will provide sufficient protection for well in excess of the design life of
20 years.

| am generally supportive of the approach that has been proposed for dealing with the
impacts of coastal erosion and coastal inundation for the South New Brighton Park area.
The coastal erosion and inundation issues have been separated out for this area with
the inundation bund located between 40 and 180 m landward of the estuary edge. At
these distances from the estuary edge, | consider it highly unlikely that this bund will be
subject to erosion from coastal processes within the next 20 years, and particularly so
once the gabion baskets to protect the historic middens are installed.

The design plans show that the inundation bund in the South New Brighton Park area
will tie into areas of natural high ground at both ends of the bund. It is therefore my
opinion that the inundation bund will provide a sufficient level of protection from
inundation to the South New Brighton Park area.

One of the key documents for works in the coastal area is the New Zealand Coastal
Policy Statement (2010) which contains a series of objectives and policies to direct the
types and locations of particular activities. An assessment of this application against the
relevant NZCPS objectives and policies is given in Section 10.3.4 of the consent
application document. In my opinion, the most relevant NZCPS policies to this
application are policies 24 to 27 as these underpin Objective 5 which relates to coastal
hazard risks and climate change.

In my opinion, the proposed erosion protection structures in this project run contrary to
clause e of NZCPS Policy 25 which specifies that hard protection structures are to be
discouraged in areas potentially affected by coastal hazards over the next 100 years.
This section of the policy also promotes the use of natural defences which in my opinion
is also not achieved by the proposed erosion protection structures. As there is space
available along the majority of Southshore, it is my opinion that if sufficient time were
given, natural processes are likely to eventually create a natural estuary shoreline which
will offer its own level of protection to this area against coastal erosion. | consider the
option of ‘doing nothing’ to be one way of promoting natural defences.

| also consider that the replacement of the proposed inundation bund along the
orientation of the existing LINZ bund does not achieve the intended outcome of clauses
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a, ¢ and d of Policy 25 which are to avoid increasing the risk of social, environmental
and economic harm from coastal hazards; encourage redevelopment or change in land
use where that would reduce the risk of adverse effects from coastal hazards, including
managed retreat by relocation or removal of existing structures or their abandonment in
extreme circumstances, and designing for relocatability or recoverability from hazard
events; and encourage the location of infrastructure away from areas of hazard risk
where practicable.

Policy 27 of the NZCPS provides a range of strategies for protecting significant existing
development from coastal hazard risk. A range of options for reducing risk are to be
assessed as part of this policy, and when evaluating those options, clause 2a focuses
“on approaches to risk management that reduce the need for hard protection structures
and similar engineering interventions”. Additionally, clause 3 states that: “Where hard
protection structures are considered to be necessary, ensure that the form and location
of any structures are designed to minimise adverse effects on the coastal environment.”

In my opinion, if the inundation bund was located further landward than what is proposed
in this application and thereby satisfying the requirements of clause d of NZCPS Policy
25, this would likely reduce the requirement for the accompanying erosion protection
structures and thereby also satisfy the requirements of clauses a, b, d and e of NZCPS
Policy 25. | also consider that locating the inundation bund landward will be consistent
with and also satisfy clauses 1, 2 and 3 of NZCPS Policy 27.

Lastly, if the inundation bund was located further landward to satisfy Policies 25 and 27,
then this would in my opinion, also be consistent with NZCPS Policy 26.

Conclusions
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| consider the data and information used in the Design and the Coastal Processes and
hazards assessment reports to be appropriate and relevant, and | am satisfied that the
reports have provided sufficient detail for assessments of the impacts of the proposed
activities on coastal processes within the Avon-Heathcote estuary.

No allowance for increased water levels due to sea level rise or other climate change
impacts or changes in ground elevations were included in the design process. The
reason to not include climate change effects/SLR at the design stage was taken by the
CCC after discussions with the local community that have been ongoing since the
Christchurch Earthquake Sequence.

What is being proposed in this application is therefore a relatively short-term solution to
deal with the impacts of the Christchurch earthquakes while the CCC consult further with
the local community on long-term climate adaptation options.

| consider the use of a storm scenario of a 1-in-50 year estuary water level event
occurring concurrently with a 1-in-50 year wave event as a design level for the inundation
bund to be overly conservative for a design period of 20 years.

It is my opinion that the proposed height of the inundation bund of 11.5 m CDD for both
South New Brighton Park and Southshore will provide protection from estuary water
level events of between 500 and 1000 years without taking into account the impacts of
climate change or local land changes. When built to this height, it is also likely to provide
protection against inundation during a storm scenario of a 1-in-100 year estuary water
level event occurring concurrently with a 1-in-50 year wave event.

| do not believe that the changes in the level of the sea or changes in the ground levels
in the wider area over the next 20 years will have any material impact on the protection
afforded to the community in this area by the construction of the inundation bund to this
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height. | therefore consider that a bund height of 11.5 m CDD will provide protection
against inundation for at least the next 20 years even with sea level and ground level
changes.

The proposed orientation of the inundation bund is generally along the alignment of the
existing LINZ bund through the Residential Red Zone in Southshore to avoid overlooking
adjoining properties and to allow the ongoing use of the land in its current state. For the
South New Brighton Park area, the original alignment of the proposed inundation bund
was through coastal forest and generally followed existing paths to minimise the impacts
on trees.

The proposed alignment of the inundation bund has therefore been chosen for reasons
that appear to have little to do with fulfilling a specific inundation hazard requirement.

Three different structures have been proposed to provide protection to the inundation
bund against erosion for different sections of the coastline within the project area, with
these structures being a series of gabion baskets, a rock revetment, and a cobble beach.
All three protection structures are proposed to have a crest height of 11.3 m CDD and
have been designed so that wave run-up may overtop them during large storm events
without causing significant damage to the structures.

The design of the erosion protection works is such that additional material can be added
to the structure at some point into the future should future sea levels require this to
happen.

A cobble beach has been found to provide an appropriate level of protection against
coastal erosion to the South New Brighton Park area and parts of Southshore over the
next 20 years. If this conclusion has been reached for a conservative storm scenario in
a relatively energetic area of the Avon-Heathcote estuary, it is my opinion that a similar
structure would also provide sufficient protection against coastal erosion in the generally
less energetic area of Southshore.

It is my opinion that a slightly ‘softer’ engineered cobble beach along the Southshore
estuary coastline would also provide sufficient protection against coastal erosion for this
area, and the selection of the rock revetment along the majority of the Southshore
estuary shoreline appears excessive given the conditions that are to be mitigated
against.

I consider that the information contained within the Tonkin & Taylor (2021) report into
coastal hazards for the Christchurch City Council to be accurate and appropriate and
agree with the findings of this report that erosion of between 5 and 11 m could potentially
occur along the Southshore and South New Brighton shorelines over the next 25 years
if relative sea level rise of 0.2 m occurs over this time.

| consider that erosion of the estuary shoreline is most likely to occur during episodic
storm events as opposed to occurring at a low gradual rate.

| also believe that the existing position of the LINZ bund along Southshore is located
sufficiently landward of the existing coastal protection structures in this area that the
bund is unlikely to be subject to erosion within the next 20 years, even considering the
changes that may occur due to sea level and local land level changes over this time.

Another way to consider the information presented is that if the proposed inundation
bund along Southshore was located 5 m further landward of the existing LINZ bund
wherever possible, it is my opinion that there would likely be sufficient space and
therefore time for natural coastal, estuarine and ecological processes, including sea
level rise impacts associated with climate change and ground level changes to occur
without impacting on the level of protection afforded to the local community from the
proposed inundation bund and necessitating the need for erosion protection works for
the next 20 years.
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| therefore consider that there is sufficient time within the next 20 years for conversations
with the local community on longer-term adaptation planning responses to be
considered and implemented before any further inundation or erosion protection works
are required.

If the proposed works proceed as designed, | believe that the level of protection that
they will provide will far exceed either the design life or the consenting timeframe. | do
not believe that they represent a short-term solution as given the design criteria that has
been applied and the information that has been supplied, it is my opinion they will provide
protection from inundation for in excess of 100 years, and protection against erosion for
at least a similar timeframe. The design of the rock revetment also allows for additional
material to be placed onto it in the future if required and has therefore been designed
with a longer timeframe in mind. | consider that the proposed structures represent a
significant upgrade to the pre-earthquake levels of protection from coastal erosion and
inundation to the local community.

If the works proceed as proposed, | see that the requirement for future discussions
around adaptation to changes caused by climate change effects and increased sea
levels to essentially become redundant as the level of protection provided to the
community from the proposed structures will ensure that future works would be unlikely
to be required for the next approximately 100 years.

| am supportive of separating the coastal inundation hazard from the coastal erosion
hazard as is proposed at South New Brighton Park and generally see no reason why a
similar approach cannot be taken for Southshore. | see no justification from a coastal
process or hazard perspective why these two hazards need to be linked together as they
are along Southshore, particularly when there is in my opinion, land available on which
the inundation bund could be constructed.

Assuming that the works will be carried out by a competent and experienced earthworks
contractor to the proposed levels, widths and depths specified in the design report and
drawings and using the specified materials and methods, | consider that the changes to
the coastal processes within the estuary either during the construction phase, or once
the works have been completed to be less than minor.

In my opinion, the proposed inundation and erosion protection structures run contrary to
the New Zealand Coastal Policy Statement policies 25 and 27. Clause d of NZCPS
Policy 25 encourages the location of infrastructure away from areas of hazard risk where
practicable, while clause e specifies that hard protection structures are to be
discouraged in areas potentially affected by coastal hazards over the next 100 years,
while also promoting the use of natural defences.

| believe that if the inundation bund was located further landward than what is proposed
in this application, the requirements of clause d of NZCPS Policy 25 would be satisfied,
and this would in turn likely reduce the requirement for the accompanying erosion
protection structures and thereby also satisfy the requirements of clauses a, b, d and e
of NZCPS Policy 25. | also consider that locating the inundation bund landward would
be consistent with and also satisfy clauses 1, 2 and 3 of NZCPS Policy 27, and by
extension, also be consistent with NZCPS Policy 26.

My overall perception of the information that has been provided is that the coastal
inundation and erosion protection works that have been proposed and requested by the
local community and the location of these works along the Southshore coastline are
predominantly done for reasons that are not to do with the current coastal processes or
the potential future coastal hazards and impacts that may affect this area.
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