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SCOPE OF STUDY

Land River Sea Consulting has been contracted by the West Coast Regional Council to build a basic coastal
inundation model of the Cobden coastal stretch to identify the risk to Jellyman Park as well as the
surrounding residential area, should the coastal defences be overtopped or breached during a storm event.

BACKGROUND

Cobden is a low-lying suburb which has been constructed on the historic riverbed of the Grey River. Due to
its low-lying nature and vicinity to both the Grey River as well as the coast it is very vulnerable to flooding
from a range of sources. The sea wall has been significantly strengthened in recent years as well as raised,
however the stretch of coast is currently experiencing significant pressure with the waves overtopping the
existing wall as well as eroding the existing rock protection lining the sea wall.

Drone imagery captured in January 2021 very clearly illustrates the significant erosion which has occurred
along the coastline with a comparison between the 2017 imagery showing coastal erosion of greater than
25m in some locations. As a result of the erosion, it is apparent that some of the natural protection from
the high dune systems has been destroyed by the sea and the exposure to coastal flooding has significantly
increased in recent years. Figure 1-1 and Figure 1-2 present aerial images of the same stretch of coastline
and highlight the significant loss of coastal protection in front of Cobden since 2017.

[t is worth noting that coastlines naturally prograde and retreat overtime, and I have not carried out an
analysis into the historic coastline behaviour in this location to see if the current behaviour of coastal
erosion is typical for this location.
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Figure 1-2 - WCRC imagery captured in 2017 with location of 2021 coastline highlighted in red
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Visualisation of the LiDAR data very clearly highlights the low-lying nature of much of the suburban area
with the area which was old riverbed clearly distinguishable based on the existing contours.

Figure 1-3 on the following page presents a coloured contour map of the modelled area allowing the low-
lying nature of the area to be visualised. We have also produced three separate figures which highlight
terrain below the 2m, 3m, 4m and 5m contour to further illustrate the land which will be at risk from
varying sea level conditions should the coastal defences be breached. These have been presented in
Appendix A for reference.
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AVAILABLE DATA

The following data sources have been utilised in the study:

e 2015 LiDAR data supplied by Grey District Council (AAM Hatch, 2015)

e December 2020 drone survey of coastal rock wall (Graeme Wylde, 2020)

e Sealevels taken from LINZ Nautical Almanac based on the 2020-2021 epoch (LINZ, 2021) as well as
advised by Dr Michael Allis at NIWA.

e Sealevel rise scenarios based on latest Ministry for the Environment (MfE) guidance (MfE, 2020)

As each data source is in terms of a different vertical datum, each data source has been converted into the
New Zealand Vertical Datum 2016 for consistency.

SUMMARY OF RESULTS

Current Climate

Model results show that Cobden is vulnerable to significant inundation in a 1% Annual Exceedance
Probability (AEP) stormtide event (often referred to as a 1 in 100-year event). The model shows that a
section of the coast north of the existing sea wall is likely to overtop sending water into the residential
settlement. These scenarios assume that the existing unlined section of gravel bund will not breach,
however in reality there would be a very high probability of breach, significantly increasing the risk of
inundation.

A number of simulations have therefore also been carried out with this section of unlined bund removed.
Model results show as expected that flood extent and depth will increase with an increased number of
properties inundated for a 1% AEP event.

Future Climate

Three separate sea level rise scenarios have been simulated in the model: 0.7m, 1m and 1.4m. Results
show that with sea level rise of 0.7m sea levels, Cobden will experience a very similar level of flooding in a
10%AEP stormtide (often referred to as a 1 in 10-year event) to what is expected for a 1%AEP event with
current sea levels. Results for a 1%AEP event with 0.7m sea level rise shows a large portion of the suburb
to be under water (NB. Flooding is contained to those properties which are built on the historic river
terrace).
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2. SITE VISIT

A site visit was carried out on the 25t of January 2021 to observe the conditions on site. Significant erosion
of the existing bank was visible and it was evident due to the presence of drift wood and debris on top of
the bank that waves had been breaking over the top of the existing sea wall under regular conditions.

The following photos highlight conditions on site.

Figure 2-1 - Southern most section of wall in good condition (close to Cobden cut)
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Figure 2-3 - Severe erosion of the wall
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Figure 2-4 - Severe erosion of wall, with rock protection falling away from the wall completely
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Figure 2-5 - Northern most section of the wall with no current rock protection

The photos show that the southernmost section of the wall in front of Jellyman park is well formed and in
good condition, however moving northwards, the wall deteriorates in condition significantly with the
northern most section of wall being nothing more than a gravel bund that would collapse immediately were
it put under any pressure from the sea.
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Figure 2-6 - Gravel bund easily erodible by the sea during a storm event
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A model of the coastal stretch has been developed using MIKE21 FM software. The model setup consists of
a mesh which represents the ground terrain as well as a coastal boundary. The model is simplistic in that it
is not accurately modelling the wave dynamics, it is simply modelling a dynamic peak water level that rises
and falls with the tide. As a result, the flood inundation maps are likely to be conservative and may show
more inundation than is likely to occur during a real event, however the maps do show maximum potential
flood extent for these tide scenarios.

MESH SETUP

The mesh has been set up with a variable resolution with a maximum mesh resolution of 50m2 for the
coastal area and 15m? for the land area. The model has been extended for a distance of approximately 4km
to the north of the Grey River mouth with the full modelled extent and summary of mesh resolution
presented in Figure 3-1.

Legend

Mesh Resolution (m)
[ ]
=
s

Figure 3-1 - Model Extent
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The topography has been interpolated based on the 2015 LiDAR as well as the 2020 drone survey. Due to
the fact that vegetation was not removed from the 2020 drone survey, [ have clipped the drone survey to
the area shown in Figure 3-2 below. The rest of the model is based on the 2015 LiDAR.

Figure 3-2 - Drone Survey Clip Extent

A comparison of the drone survey data with the 2015 LiDAR on open hard surfaces has shown that it ties in
well, allowing for a simple merge of the two datasets.

TIDE BOUNDARY

The tidal levels have been based on the reported tide levels provided by Land Information New Zealand
(LINZ) in their New Zealand Nautical Almanac. All levels reported by LINZ are in terms of Chart Datum
(CD) and are relative to the levels at Westport.

In order to convert chart datum levels to NZVD2016, the following conversion has been used:
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Chart Datum is 7.351m below B.M. Harbourmasters Office (LINZ code DJMC). A search of the LINZ
database reports the following info for this mark (as at 12/1/2021).

NZVD2016 5.22
LvD1937 5.5724
Chart Datum in NZVD2016 therefore is equal to: 5.22-7.35
=-2.13m

Mean Spring, Neap and Sea Level Heights (m)

Vertical Datum No. Port MHWS MHWN MLWN MLWS MSL
Chart Datum 6524 Greymouth 33 2.6 1.1 0.6 1.9
NZVD2016 6524 Greymouth 1.17 0.47 -1.03 -1.53 -0.23

We have adopted a Mean High Water Spring 7 (MHWS?7) definition in order to be consistent with NIWA
coastal modelling carried out for the NZ Government. MHWS7 is the mean high water spring tide exceeded
7 percent of the time and is a practical fixed level to use for infrastructure design.

STORM SURGE / WAVE SETUP

Suitable values for the storm surge and wave setup components for Greymouth have been provided by Dr
Michael Allis from NIWA which has been taken from current research as part of the Deep South challenge
and are summarised in Table 3-1 below. Wave runup has not been accounted for in this model.

Table 3-1 - Summary of individual components making up tide level

10%AEP Stormtide 1%AEP Stormtide
Storm Surge 0.43 0.59
Wave Setup 1.97 2.48
Monthly Sea Level Variation 0.14 0.14
Peak Water Level (NZVD2016) 3.77 4.44

Figure 3-3 illustrates the various components which make up the final water level used in this model.
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Figure 3-3 - Illustration of components leading to storm-driven inundation at the coast. MSLA =
MSL Anomaly (Bell, et al., 2015)

BREACH SCENARIO

A breach scenario has been simulated, which has allowed for the unlined northern most section of the sea
wall to be breached. The breach has been simulated by simply removing the unlined portion of the wall
from the terrain and lowering it to a level of 4m (NZVD2016).

The location of the simulated breach is presented in Figure 3-4 below.

LANDRIVERSEA
1 CONSULTING




Figure 3-4 - Location of simulated breach (yellow line)

SEA LEVEL RISE

Sea level rise scenarios have been based on the latest MfE guidance (MfE, 2017).

2 ! f ! ! ! ! !
18 L.|——NZRCP85H+|
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16 - | ——NZRCP4.5M : : : : : -
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NZ sea-level rise (metres) [relative to 1986-2005]
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Figure 3-5 - NZ sea-level rise projection scenarios to 2050 (MfE, 2017)

We have selected three sea level scenarios to simulate based on the Resident Concentration Pathways
(RCP) assuming a timeframe of approximately 100 years (ie to 2120). These RCP values represent different

LANDRIVERSEA

-1 CONSULTING




concentrations of CO; in the atmosphere. We have therefore selected 0.7m, 1m and 1.4m representing the
RCP4.5, 8.5 and 8.5H+ scenarios. Please note that the RCP8.5H+ is considered to be an extreme case

scenario should there be no future reduction of greenhouse gas emissions.

The following tide scenarios have been simulated in the model.

Scenario Number Tide Scenario Climate Scenario
1 10% Stormtide Current Climate
2 1% Stormtide Current Climate
3 10% Stormtide 0.7m SLR
4 10% Stormtide 1m SLR
5 10% Stormtide 1.4m SLR
6 1% Stormtide 0.7m SLR
7 1% Stormtide 1m SLR
8 1% Stormtide 1.4m SLR
9 10% Stormtide (breach) Current Climate
10 1% Stormtide (breach)  Current Climate
11 10% Stormtide (breach) 0.7m SLR
12 10% Stormtide (breach) 1m SLR
13 10% Stormtide (breach) 1.4m SLR
14 1% Stormtide (breach)  0.7m SLR
15 1% Stormtide (breach)  1m SLR
16 1% Stormtide (breach)  1.4m SLR
RIVER
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Model results are most easily described through a visual presentation and have therefore been presented
as peak depth maps which are included in Appendix A.

The following general conclusion can be drawn from the results however:

5.1 CURRENT CLIMATE

Results show that under existing sea levels and with the existing coastline still intact, we can expect that the
current defences will be sufficient to prevent inundation under a a 10%AEP event, even if the unlined
section of bank is breached. However if a 1%AEP stormtide occurs, then we can expect inundation of a
significant number of properties. It the unlined section of bank also breaches, then the number of
properties inundated will increase even further and flood depths will be greater.

5.2 FUTURE CLIMATE (2120)

The model has been used to test the sensitivity to a range of sea level rise scenarios. Results essentially
show that with if sea levels are to rise by 0.7m, then the degree of flooding currently experienced in a
1%AEP event will now be experienced in a 10%AEP event. (Ie a 1 in 100 year event, will become a 1 in 10
year probability event).

If sea level rises more than 0.7m, then the degree of flooding increases significantly with large portions of
low lying land at risk of inundation.

Bell, R.G., Paulik, R. and Wadwha, S. 2015. National and regional risk exposure in low-lying coastal areas.
Hamilton : NIWA, 2015. HAM2015-006.

MSE. 2017. Preparing for coastal change - A summary of coastal hazards and climate change guidance for
local government. Wellington : Ministry for the Environment, 2017.
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APPENDIX A - MAPS HIGHLIGHTING LAND BELOW SPECIFIC CONTOURS
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APPENDIX B - PEAK DEPTH MAPS
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