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1. INTRODUCTION

1.1. Context

The Waiho River is located on the West Coast of the South Island of New Zealand and drains from
the Western slopes of the Southern Alps and across a 16 km long floodplain, to the Tasman Sea.
Immediately downstream of the Southern Alps rangefront, the Waiho River is crossed by the State
Highway 6 (SH6) bridge and flows adjacent to the town of Franz Josef / Waiau, situated on the true
right bank of the river. This marks the start of the 16 km long floodplain.

In the upper reach of this floodplain, from the SH6 Bridge down to the Waiho Loop (a terminal
moraine feature) the river widens out into a natural alluvial fan. However, the current fan is
constrained by man-made stopbanks, which have forced the river to aggrade in its current
alignment, rather than naturally deposit sediment over a wider area. This has resulted in the need
for ongoing upgrades to the stopbank network to contain the river.

Recent change analyses of the LIiDAR (Beagley, 2024) and morphological modelling (Stecca and
Measures, 2024) using the latest LiDAR (July 2024) have indicated aggradation across this fan reach
in the last 6 to 12 months.

1.2. Scope

e Upgrade the existing Waiho model with the July 2024 LiDAR.
¢ Assess the impact of the aggradation on the design level of service since the last assessment
(Babu and Gardner, 2024).
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2. MODEL

2.1.

Summary

Various iterations of a model of the Waiho River have been made over the years to be used for
multiple purposes. These have been documented by Babu and Gardner (2024).

The current model, as used in this upgrade, is summarised below:
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The model has been built in MIKE 21FM.

It uses the Flexible Mesh module with a variable mesh size, which allows for varying degrees
of resolution over the floodplain, ranging from 25 m? within the river to 1,000 m? at the coastal
boundary.

Several floodplain features such as stopbanks (Figure 2-1) were added to the mesh by
carefully aligning them with the DEM. These have been represented as 1D dike structures in
the 2D model setup. The maximum crest levels - collected from field surveys and / or
extracted from the LiDAR - have been assigned to these structures.

Arange of Manning’s ‘n’ values were assigned for the riverbed, buildings, grass, ponds, rough
grass, roads, and vegetation.

The historic climate 1% AEP flow has been taken from the original Waiho model and full
details can be found in the modelling report by Gardner (2014). As the model starts at the
Franz Josef Glacier, the flow must be split into two parts to allow for the separate inputs from
the Callery and upper Waiho rivers. Details of this have been described by Babu and Gardner
(2024).
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Figure 2-1: Waiho River stopbank network.
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2.2. Update

The model mesh has been updated using the latest LIDAR DEM collected in July 2024.

As this LIiDAR was flown with the purpose of bed-level monitoring it only covers the active river
channel. Therefore, for the model update, it has been mosaiced with the 2016 LiDAR DEM to ensure

full model coverage.

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

Collection Method

Sensor

Altitude
No. checkpoint surveys

Standard deviation of checkpoint/point-
cloud difference

Average checkpoint/point-cloud difference
RMS error

Datum

Projected coordinate system

A
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June

New Zealand Aerial
Surveys Ltd

Fixed wing aircraft

Optech Orion H300

1190-2375 m
(Unknown)

0.016 m

0.007 m
(Unknown)

NZDG2000 (H),
Lyttleton (V)

NZTM2000

31 July

University of
Canterbury

Helicopter

Riegl VUX240

300 m
1643
0.026 m

-0.002 m
0.034 m

NZDG2000 (H),
Lyttleton (V)

NZTM2000
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3. MODEL SCENARIOS

To assess the impact the aggradation has had on the level of service provided by each of the
stopbanks in the Waiho protection scheme, four scenarios involving different braid alignments have
been simulated in the updated Waiho model (Figure 3-1and Figure 3-2).

All scenarios used a combined Waiho-Callery 1% AEP flow based on the historic climate. No allowance
has been made for future climate. Additionally, the temporary gravel bunds between the SH6 bridge
and just downstream of the Waiho loop have been removed, and the simulations assume there is no
breach or failure of the existing banks.

Table 3-1- Scenarios run with the updated Waiho model (July 2024).

July 2024 DEM with the existing braid alignment for the

1 1,000 1,500 . .
length of the river burnt in as 0.5to 1.0 m deep channels.

July 2024 DEM with a3 m x 30 m main channel along the

left stopbank from the Callery junction to the Waiho
2 1,000 1,500 . .

Loop, and a 1 m deep channel along the existing braid

between glacier and junction.

July 2024 DEM with a 3 m x 30 m main channel along the

right stopbank from the Callery junction to the Waiho
3 1,000 1,500 . .

Loop, and a 1 m deep channel along the existing braid

between glacier and junction.

July 2024 DEM with 3 m x 30 m main channel along both

the left and right stopbanks from the Callery junction to
4 1,000 1,500 :

the Waiho Loop, and a 1 m deep channel along the

existing braid between glacier and junction.

The maximum peak water levels have been plotted with the crest level along each stopbank, so as
to assess the available freeboard, and the change in peak water level compared to the January 2024
model results. The longsection plots have then been generated and provided in Section 3.1.
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Legend

Temporary groynes removed
B Existing braid alignment
= \Waiho stopbank network

Figure 3-1: Existing braid alignment.
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Legend

Temporary groynes removed
"0 Left braid alignment

Right braid alignment
= Waiho stopbank network

Figure 3-2: Left and right braid alignments.
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3.1. Long section plots

To assess the maximum impact that aggradation has had on peak water levels, we have generated
long section plots for each of the stopbanks with the current crest levels, and the maximum peak
water levels from the January 2024 and July 2024 models.
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GLACIER ROAD STOPBANK

Crest level = = -Freeboard e WL (DEM Jan2024) = WL (DEM July2024)
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WAKA KOTAHI BANK (SH6 BRIDGE TO CANAVANS KNOB)
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RUBBISH DUMP STOPBANK (CANAVANS KNOB TO RATA KNOLL)

Crest level = = «Freeboard e \WL (DEM Jan2024) WL (DEM July2024)
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RUBBISH DUMP STOPBANK (CANAVANS KNOB TO RATA KNOLL)

Crest level = = «Freecboard e \WL (DEM Jan2024) WL (DEM July2024)
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CHURCH / HELIPORT BANK

Crest level = = -Freeboard = WL (DEM Jan2024) e WL (DEM July2024)
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HAVILL'S BANK

— Crest level = = Freeboard = WL (DEM Jan2024) e WL (DEM July2024)
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3.2. Change in level of service

Table 4-1 outlines the changes in the level of service (design capacity) and peak water levels that
have occurred at each of the stopbanks under a 1% AEP flow between January 2024 and July 2024,
and if this has affected the available freeboard. 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.

Table 4-1 - Summary of change in peak water level along each of the stopbanks.

Glacier Road Increased capacity along a large portion of the road.

There is only one small section (150 m) where the capacity is reduced,
and as a result, the maximum peak water levels from the latest
model come as close to 0.3 m of the road crest.

Waka Kotahi/NZTA The capacity is reduced in multiple places. Although this doesn't
change where the 1 m freeboard is exceeded (or not), in the upper
reach of the stopbank (0 to 400 m) where the river bed is narrower,
the peak water levels, which have increased by up to 0.2 m, are now

E within 0.5 m of the crest level in places.

o

|=_:3 Rubbish Dump The capacity along the upper reach (lined) has been increased, with
maximum peak water levels in the latest runs now no longer
overtopping the stopbank.
In the lower reach (unlined), the capacity has been reduced in places.
The increases in maximum peak water levels are not enough to
exceed the 1 m freeboard.

Milton’s The capacity has been increased in the upstream section (0 -300 m).
In the downstream section, capacity has reduced, with water levels
increasing by up to 0.2 m.

Church The capacity has been reduced with maximum peak water levels
increasing by up to 0.4 m in places.

All peak water levels are still below the 1 m freeboard mark.

Heliport The capacity has been reduced with maximum peak water levels

increasing by up to 0.8 m in places.
%; All peak water levels are still below the 1 m freeboard mark.
o Link The capacity has been reduced with maximum peak water levels
= increasing by up to 0.5 m in places.

All peak water levels are still below the 1 m freeboard mark.

Havill's The capacity has been reduced in the upper reach, with maximum
peak water levels increasing by up to 0.7 m in places. There was
minimal to no change in the downstream half of the stopbank.

All peak water levels are still below the 1 m freeboard mark.
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5. CONCLUSIONS

Our analysis of the maximum peak water levels from the updated Waiho model indicate that:

e As aresult of aggradation in the river over the last six months, there have been increases in

the maximum peak water levels along some of the stopbanks, and therefore a reduction in

their level of service (design capacity).

e Along the Church, Heliport, Link and Havill's stopbanks (true right), peak water levels have

increased by up to 0.8 m in places. However, though this has resulted in a reduction in design

capacity, there is still at least 1 m of freeboard available.

e Along the upper end of the Waka Kotahi/ NZTA and downstream end of the Rubbish Dump
stopbanks, peak water levels have increased by up to 0.5 m. This increase does not exceed

the Rubbish Dump freeboard allowance; however, water levels were already exceeding the

freeboard allowance for the Waka Kotahi / NZTA stopbank and are now within 0.5 m of the

crest in places.

e The increases in peak water levels are generally considered to be within the margin of error

for the model given the dynamic nature of braided gravel bed rivers such as the Waiho in

which bed level fluctuation is expected.
Please contact me if you need further clarification.

Kind regards,

Wt fr— |

Rose Beagley (BSc, MSc) Bilu Susan Babu (M.Tech)
Geomorphologist / Water Resources Scientist Water Resources Engineer
Land River Sea Consulting Ltd Land River Sea Consulting Ltd
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