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1. INTRODUCTION

1.1. SCOPE

Land River Sea Consulting has been contracted by West Coast Regional Council (WCRC) to update
the existing MIKE 21 flood model of the Waiho River using the January 2024 LiDAR. Additionally, in
order to better understand the risk to assets upstream of the State Highway 6 bridge, as well as the
risk from breakout of the river over the Glacier Access road, the model has been extended upstream
to the base of the Franz Josef glacier.

This report details the model update and assesses the available freeboard (as a hydraulic measure of
level of service) for an estimated 1% AEP flood event for the existing stopbank network.

1.2. CONTEXT

The Waiho River is in the West Coast region of the South Island of New Zealand. It drains from the
Western slopes of the Southern Alps and across a 16 km long floodplain to the Tasman Sea (Figure
1-1).

The upper part of the catchment is comprised of two main subcatchments - the Callery and the
upper Waiho (Figure 1-1). The Callery has multiple small glaciers in its upper reaches that feed into a
steep, long and narrow gorge, and the upper Waiho hosts the rapidly receding Franz Josef glacier.
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Legend
D Callery-Waiho catchment

Figure 1-1 - Location map of the Waiho River highlighting the two main subcatchments that
feed the river (Callery and upper Waiho).

Various iterations of a model of the Waiho River have been made over the years to be used for
multiple purposes; these have been summarised in Table 1-1.
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2008

2014

2016

2019

2021

2022

2023

Table 1-1 - Upgrades to the Waiho model over time.

1D Model

1D MIKE 11 Model
(partial 2D section for
overflow)

2D MIKE21 Model
2D MIKE21 Model

2D MIKE21FM Model

2D MIKE21FM Model

2D MIKE21FM Model

Model produced by Good Earth Matters and used for stopbank
sizing
Model extent was from Callery Confluence to end of Heliport

Bank, used for sizing stopbanks and assessing risk due to
overtopping

2D model developed using LIiDAR data collected in June 2016.

Model upgraded with latest LiDAR data flown in 2019 following
the February floods.

Model was converted to latest software using flexible mesh and
used for designing the link bank and Havill Wall upgrades

Model extent was expanded to include the floodplain to allow
residual risk from overtopping and breach to be simulated.

Model was rerun with the latest LiDAR collected in June 2023
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2. DATA USED

2.1. LIDAR

As the January 2024 LiDAR DEM was flown for the purpose of bed-level monitoring and only covers
the active river channel, it has been mosaiced with the 2016 LIiDAR DEM to ensure full model
coverage ( Figure 2-1).

Both data sets were supplied in the form of a1 m DEM together with a raw point cloud in LAS (.Ias)
format classified into ground and non-ground points. The elevation accuracy of the resulting 3D
point cloud was assessed using checkpoint survey observations acquired on bare earth surfaces.

A summary of the LiDAR data used for the model set up in this report is provided in Table 2-1.

Table 2-1 - Summary of LiDAR data

Collection Date

Collected By

June

New Zealand Aerial
Surveys Ltd

31 January

University of Canterbury

Collection Method Fixed wing aircraft Helicopter
Sensor Optech Orion H300 Riegl VUX240
Altitude 1190-2375 m 300 m
No. checkpoint surveys (Unknown) 1640
Standard deviation of checkpoint/point- 0.01e m 0.047 m
cloud difference
Average checkpoint/point-cloud difference 0.007 m 0.003m
RMS error (Unknown) 0.047 m
Datum NZDG2000 (H), Lyttleton
(V)
Projected coordinate system NZTM2000 NZTM2000
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Sources

| ] 2016LiDAR
| | 2024LiDAR

Figure 2-1 - Data sources for the 2024 update of the Waiho River model.
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3. MODEL SET UP

3.1. MESH GENERATION

The upstream extent of the previous models started at the confluence with the Callery River. This
latest version of the model now extends up to the base of the Franz Josef Glacier.

The MIKE 21 model has been set up using the Flexible Mesh module and uses a variable mesh size,
allowing varying degrees of resolution over the floodplain. The model has been split into subareas
and assigned a maximum mesh element resolution ranging from 25 m? within the river to 1,000 m?
at the coastal boundary. For this model, we have kept a fairly simple model setup with a uniform
mesh size over the entire model domain except at the boundary locations to prevent instabilities.

In essence, each mesh element is assigned an elevation, hence the finer the mesh, the greater
definition of the underlying topography is able to be represented. A trade-off is required however
between model stability, model runtime and file size. The final model has been designed so that it
can run in approximately 8 to 10 hours on a high spec computer with multiple GPUs.

A summary of the final mesh resolution is presented in Figure 3-2. It should be highlighted that the
mesh sizes stated below are the maximum element size within that area and that the majority of the
mesh elements are significantly less than the maximum resolution.

Several flood plain features such as stopbanks were added into the mesh by carefully aligning them
with the DEM to ensure the maximum water level and flow in these locations. These have been
represented as 1D dike structures in the 2D model set up. The maximum crest levels — collected from
field surveys and / or extracted from the January 2024 LiDAR - have been assigned to these
structures.
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Legend

Glacier Rd bank
—— Waka Kotahi bank
—— Waka Kotahi

secondary bank

—— Rubbish Dump bank

Milton's Bank

Church - Heliport bank
—— 55 KPH Corner bank
— Link - Havill bank

Figure 3-1- Waiho modelled stopbanks.
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Figure 3-2 - Flexible mesh extent with mesh sizes.
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3.2. BRAID ALIGNMENTS

The braid locations in the Waiho River change on an almost daily basis as a result of natural
geomorphic processes. In order to better understand the sensitivity of the model to different braid
locations and to capture the depth of the braids (as LIDAR is unable to penetrate water), the LIiDAR
has been modified so that the main braids are in various locations.

In the Mike HYDRO software, three sets of bathymetric channels were burnt into the DEM across the
active river bed between the glacier and just downstream of the Waiho Loop. These channels are of
3 m deep, 30 m wide trapezoidal design (Figure 3-5), and the edges have been tied in with the original
DEM (Figure 3-6).
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Figure 3-5 - Mike HYDRO bathy channel cross section.
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Legend

Elevation (m)
- High : 134.073

- Low : 126.074

Figure 3-6 - Visualisation of interpolated 2D bathymetric channel.
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The two different braid alignments are as described below and have also been shown in

i)

T ] T AT =

Lgend Legend
Bathymetric channel Bathymetric channel
— Stopbank ‘ ¥ == Stopbank

Channel at left bank i) Channel at right bank

Figure 3-7.

n

A channel along the true left from the base of the Franz Josef Glacier to just downstream of
the Waiho Loop. A second braid comes across from the Heliport stopbank to join the left
braid at Canavan's Knob.

A channel along the true right from the base of the Franz Josef Glacier to just downstream
of the Waiho Loop.
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Lgend
Bathymetric channel
= Stopbank
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Bathymetric channel
= Stopbank

ii) Channel at left bank i) Channel at right bank

Figure 3-7 - Waiho River braid alignments

3.3. FLOODPLAIN ROUGHNESS

Fl oodplain resistance has been represented in the model

coefficient.

Araster of roughness values with a grid size of 1 m has been created to account for varying roughness
values on the floodplain.Each cel | has been assigned a Manning's

visible in the aerial imagery.
For the riverbed, in the 2016 Waiho model, a roughness value of 0.05 was assigned based on previous
studies done by (Hall, 2012) and NIWA (Measures & Duncan, 2011).
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e Bob Hall commented in hisFuwstwdey Mawvada demdntv’er( Hal | ,
of between 0.05 and 0.06 would be more appropriate based on his experience and
engineering judgment.

e Calculations using formulae for gravel river systems developed by George Griffiths have also
given a Manni ngthé orader of 8.05u e

The previous modelling adopted 0.06 for the riverbed for freeboard calculations and sensitivity
analysis (Gardner, 2014&2016). Therefore, as the current model upgrade is mainly focused on

freeboard calculations, a higher Ma n ni n gof 0.061nas been assigned to the riverbed.

The roughness values adopted for different land use classes are given in Table 3-1 below.

Table 3-1- Land use roughness values.

Roads 0.017
Grass 0.035
Ponds 0.02
Rough Grass 0.04
Riverbed 0.06
Vegetation 0.09
Buildings 0.12
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3.4. BOUNDARY CONDITIONS

There are three boundary input conditions in this model.
1. Inflow hydrograph for the Waiho River downstream of the Callery junction

This was taken from the original Waiho model, and full details can be found in the modelling
report (Gardner, 2014). The 1% AEP flow used in this model has been rounded from the estimated
2,451 m3/s up to 2,500 m3/s to account for uncertainty.

2. Inflow hydrographs for the Callery and Waiho River with the model starting at the base of
the Franz Josef glacier

When the model starts at the base of the Franz Josef Glacier, the flow must be split into two parts
to allow for the separate inputs from the Callery and upper Waiho. This has been done by
assigning 60% of the estimated Waiho flow (from above) to the Callery River and 40% to the
upper Waiho. This division of flow takes into account the different sizes of the two
subcatchments. The two hydrographs for the rivers for the 1% AEP scenario have been shown in
Figure 3-8 below.

3. The coastal tide boundary

As the area adjacent to the coast is not considered a high area of interest for this study, the
coastal boundary condition has been set to a fixed level of 0 m as has been done in the previous
modelling (Gardner, 2014; 2016). Considering the steepness of the river, the tidal impact is not
expected to have a significant impact on water levels.

——Callery River Waiho River
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Figure 3-8 - Callery and Waiho hydrographs for a 1% AEP event starting at the base of the Franz
Josef glacier.
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4. MODEL RUNS

4.1. LEVEL OF SERVICE

To assess the existing level of service provided by each of the stopbanks in the Waiho protection
network, five scenarios involving different braid alignments have been simulated in the updated
Waiho model (Table 4-1.)

All scenarios used a combined Waiho-Callery 1% AEP flow which was based on the historic climate.
No allowance has been made for future climate. Additionally, these simulations assume there is no
breach or failure of the existing banks.

Table 4-1- Scenarios run with the updated Waiho model (2024) for the freeboard assessment.

1 1,000 1,500 2024 DEM with no channels burnt in.

2024 DEM with main channel along the left stopbank
2 1,000 1,500 . . .

from the Callery junction to the Waiho Loop.

2024 DEM with main channel along the right stopbank
3 1,000 1,500 . . .

from the Callery junction to the Waiho Loop.

2024 DEM with a dike blocking off the avulsion path into
4 1,000 1,500

the Tatare Stream.

2024 DEM with main channel extending from the Glacier
5 1,000 1,500

to the Waiho Loop along the left bank.

The maximum water levels have been taken from the five results and then compared with the crest
level along each stopbank, so as to calculate the available freeboard. Longsection plots of and level
of service maps have then been generated and provided in Section 5.1 and 5.2, respectively.
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4.2. ENGINEERING DESIGN

Two sets of runs for a range of ARI flows were also completed with two different sets of braid
alignments (Table 4-2):

1. The main channel burnt in along the left bank from the Glacier to the Waiho Loop
2. The main channel burnt in along the right bank from the Glacier to Waiho Loop.

The outputs of these runs are required for detailed engineering design of stopbanks and other rock
work and have not been commented upon further in this report, however the electronic outputs are
available.

Table 4-2 - The range of ARI flows used in each set of runs.

233 484 726
5 596 894
10 690 1,035
20 784 1176
50 920 1,380
100 1,000 1,500
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5.

MODEL RESULTS

The maximum peak water levels along each of the stopbanks have been extracted from the five 1%

AEP scenario results. These levels have been plotted against the stopbank crest levels to assess the
available freeboard (as a measure of the level of service) currently provided. The stopbanks have then
been colour-coded based on their available freeboard and displayed in map form.

5.1.

LONGSECTION PLOTS

For a dynamic river such as the Waiho which can experience sudden changes in bed level and braid
alignments during flood events, an allowance of at least 1 m freeboard is considered prudent.

The maximum peak water level results from the 1% AEP scenarios run with the 2024 DEM (Figure 5-1
to Figure 5-7), indicate that:

There is at least 1 m freeboard available along the true right bank, which includes the Church,
Heliport, Link, and Havill stopbanks.

On the true left, there is less than 1 m of freeboard along the upstream 400 m of the Waka
Kotahi stopbank (SH6 bridgeto Canav an’ s. THsiodng of the narrower areas of the
river, and around the 400 m mark, the riverbed widens, and downstream of this, water levels
drop along the stopbanks.

Downstream of Ca naongthe gpstkecarmBQO m of the Rubbish Dump stopbank
on the true left, there is no freeboard. In this stretch of bank, peak water levels exceed the
stopbank crest level in some places. The downstream end of this stopbank meets the 1T m
freeboard allowance.

Thereatleast1 m freeboard all owance along Milton's
downstream stopbank.

There are other sections of stopbanks in vulnerable locations where there is less than the minimum
1 m of freeboard. This have been described in the discussion (Section 6).
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Figure 5-1 - Long section plot of Church/Heliport stopbank showing the water levels compared with the crest level and mean freeboard. Distance
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markers for Church/Heliport stopbank are shown on the map to the left of the plot.
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Figure5-2-Long section plot of Link/Havill's bank showing the water levels con
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Figure 5-3 - Long section plot of Waka Kotahi bank showing the water levels compared with the crest level and mean freeboard. Distance markers
for Waka Kotahi bank are shown on the map to the left of the plot.
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RUBBISH DUMP STOPBANK (CANAVANS TO MILTONS)
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Figure 5-4 - Long section plot of Rubbish dump bank showing the water levels compared with the crest level and mean freeboard.
Distance markers for Rubbish dump bank are shown on the map to the left of the plot.
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Figure 5-6 - Long section plot of Glacier Rd bank 1 showing the water levels compared with the crest level and mean freeboard. Distance markers
for Glacier Rd bank 1 are shown on the map to the left of the plot.
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Figure 5-7 - Long section plot of Glacier Rd bank2 showing the water levels compared with the crest level and mean freeboard. Distance markers
for Glacier Rd bank 2 are shown on the map to the left of the plot.
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5.2. LEVEL OF SERVICE MAPS

To assess the level of service provided by the stopbanks in the Waiho protection scheme, maximum
peak water levels from five 1% AEP scenarios were assessed at 10 m intervals along each stopbank.
With each interval then assigned a colour based on how much freeboard (if any) was available by
taking the difference between the stopbank crest level and the peak water level.

A set of level of service maps has been then made to visualise the available freeboard. They have
been provided below with the stopbanks coloured based on the key below (Figure 5-8).

Available Freeboard (m)
- <0
- 0-0.5
0.5-1
- 1-1.5
- 1.5
2+

Figure 5-8 — Level of service map legend.
The maps (Figure 5-9 to 5-16) indicate that:

e The Glacier Access Road has a 1.5 to 2 m freeboard allowance, with the freeboard actually
greater than 2 m for a majority of this section of road.
e Immediately downstream of the SH6 bridge there is 0.5 to 1 m of freeboard on the true left
(Waka Kotahi stopbanks) and 05 to 1.5 m of freeboard on the true right (Church stopbank).
e After the river bed opens up, around the 400 m mark, the available freeboard allowance
increases to greater than 1 m for a majority of both the Waka Kotahi and Heliport stopbanks,
save for a small location between the 400 and 450 m marks on the true right (Heliport) which
is between 0.5and 1 m.
e The newly constructed Link and upgraded Havill's stop
freeboard available, excluding the downstream end of Havills (1400 to 1600 m) which is
between 0.5and 2 m.
e The Rubbish Dump stopbank on the true |l eft between C:
the least amount of freeboard available across the whole network, with less than 0.5 m
available in the upper section between the 0 and 770 m marks. The downstream section
performs better with between 1and 2+ m of freeboard available.
e The most downstream stopbank-Mi | t e hds®etween 1and 2+ m of freeboard available.
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6. DISCUSSION

The results from the five 1 % AEP scenarios indicate that a majority of the stopbanks in the Waiho
protection network have at least got 1 m of freeboard available which is considered suitable for a
dynamic river such as the Waiho. However, there are sections where there is less than the advised
1m. Further, even if there is at least 1 m of freeboard available, it does not rule out the risk of
overtopping and / or breach.

e One of the reasons for this model upgrade was to assess the risk of overtopping along the
Glacier Access Road. The level of service plots and maps indicate that there is greater than
1.5 m of freeboard along this road, which should be adequate to handle the fluctuating bed
levels about its current state in this reach, however it does not rule out the risk of
overtopping should the reach aggrade significantly during a flood event. Further, a large
pulse of sediment and/or flow from the Callery could still overwhelm the road.

e Immediately downstream of the SH6 bridge, there is less than 1 m and 1.5 m of freeboard on
the true left (Waka Kotahi) and true right (Heliport) stopbanks, respectively. Not only is this
less than the advised 1 m allowance, but it is in a location where the river bed is still narrow
and subject to fluctuating bed levels. Additionally, because of this, at bankfull a slight
increase in flow can lead to a large increase in water level compared to reaches where the
riverbed is wider.

e At the downstream end of 3ailabldfleébomard it loepArremas,and2hnme
In this location,t he active fan (river bed) has been pinched
Knob and the Treatment Ponds resulting in a similar situation as described above (though
note that this reach is wider). It is also affected by the upstream extent of the avulsion
channel, which is migrating upstream. As the incision point of the avulsion channel extends
upstream, it may result in lower bed levels adjacent to the stopbank, and therefore lower
peak water levels.

e The upstream 800 m of the Rubbish Dump stopbank have less than 0.5 m of freeboard
available, with the model results showing that some section in this 800 m stretch are lower
than the 1% AEP peak water levels. Risk of overtopping and / or breach are very high in this
location.

e At the most downstream stopbank-Mi | t on' s on t bheretsgreaterlthaf 2 m of
freeboard available. It is worth noting however, that in this location the stopbank can receive
the full and direct force of the Waiho River which it then must re-direct this around the end
of the Waiho Loop and onto the valley train below.

In all other locations, the stopbanks have greater than 1 m of freeboard available, however, it is
important to acknowledge that this is subject to the limitations of the modelling:

e The hydraulic model has a fixed bed so does not allow for scour, and therefore the channels
cannot develop beyond their starting point, nor can new channels be formed, or aggradation
occur (Beagley, et al., 2024). Therefore significant uncertainty exists in this model as it cannot
replicate the rapid and at time significant changes that can occur in the river bed during a
flood event.

e The adopted flows used in this study have been estimated from the flow statistics of the

Whataroa River and therefore there is uncertainty in regard to their accuracy.
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7. SUMMARY

The following can be summarised from this report:

e The existing MIKE 21 Waiho flood model has been updated with the January 2024 LiDAR, and
extended upstream to the base of the Franz Josef glacier.

e Multiple braid alignments have been burnt into the DEM to capture the sensitivity of the
model to different braid locations and to more accurately represent the depth of the braids
(as the LIiDAR is unable to penetrate water).

e Arange of AEP (annual exceedance probability) flows have been simulated with two different
braid alignments to allow for the maximum peak water levels and velocities to be extracted
for engineering design of stopbanks and other rock works.

e The 1% AEP flow has been run with multiple braid alignments with the maximum peak water
levels of these extracted along the stopbanks to assess the level of service they provide.

¢ A majority of the stopbanks have a freeboard allowance greater than 1 m, however, there are
sections which are near or below 1 m.

e The Glacier Access Road, which was of particular interest in this update, has at least 2 m of
freeboard allowance for much of its length. This should be adequate for the fluctuating bed
levels in this reach; however, it cannot rule out the risk of overtopping given the proximity of
the Callery River and its potential to transfer large pulses of sediment and flow into this reach.

e In the 400 m downstream of the SH6 bridge, where the riverbed is narrow and therefore
subject to sudden changes in water level if the river is at bankfull, there is less than 1 m and
1.5 m of freeboard on the true left (Waka Kotahi) and right (Church) stopbanks, respectively.

e The remainder of the Waka Kotahi stopbank, and the Hel
provide greater than 1 m of freeboard, excluding the
has lessthan1m.

e Thefirst 800 m of the Rubbish Dump stopbank has less than 0.5 m of freeboard available and,
in places, overtops during the 1% AEP runs.

¢ The downstream end of the Rubbish Dump stopbank and t
to 2+ m of freeboard available.

e These model results come with significant uncertainty as they have been run with a fixed
bed meaning that scour and aggradation could not occur, and therefore cannot replicate the
natural changes in a river bed that take place during a flood event. Further, as there are no
flow monitoring sites within the Waiho catchment, the estimated flows were based on the
nearby Whataroa catchment which differs in terms of size, shape, and land cover.

33 A

Land River Sea
CONSULTING



8. REFERENCES

Beagley, R., Davies, T., Fuller, I., Gardner, M., Healey, M., & Williams, G. (2023). Future management of
the Waiho River.

Gardner, M., & Brasington, J. (2019). Waiho River: Change Detection Analysis.
Gardner, M. (2014). Waiho River : Hydraulic Modelling & Analysis.

Gardner, M. (2016). Waiho River : 2D Hydraulic Modelling Based on LiDAR.
Gardner, M. (2021). Franz Joseph Stopbanks: Preliminary Design Report.

Beagley, R., & Gardner, M. (2024). Waiho River: Geomorphic Change Detection Analysis:2019, 2023
and 2024

_A 34

Land River Sea
CONSULTING





