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1. INTRODUCTION

11 Scope

West Coast Regional Council (WCRC) has requested Land River Sea Consulting conduct a rapid
assessment of the Waiho River and its avulsion using the LiDAR captured on the 16" of October 2025.
This assessment is to include discussion of the upstream migration of the avulsion and changes in
the avulsion channel width and depth, in this reach, and how these compare to the March 2025
LiDAR.

1.2 Context

In February 2023, a significant flow path (avulsion channel) developed from the Waiho River into the
Tatare Stream, upstream of the Waiho Loop.

Eleven months later in January 2024, during a similar sized weather event to the previous summer,
the avulsion underwent rapid development as it deepened and widened, and the incision point in
the Waiho riverbed extended upstream towards the treatment ponds (true right), whilst at the
downstream end of the channel, a fan began to form.

Since then, LiDAR has been captured at regular intervals — July 2024, March 2025 and October 2025 -
to allow for monitoring of how the avulsion is developing, and the risk it poses to adjacent
infrastructure.

This memo will build upon the previous work completed by Land River Sea (Gardner and
Brassington, 2019; Beagley and Gardner, 2024; Beagley, 2024 and 2025) to assess how the avulsion
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has developed over the last eight months. As the latest LIiDAR has only captured a short reach — just
upstream of Canavan'’s Knob to half way down the avulsion - it will only be focussing on this area.

2. ANALYSIS

2.1 Channel width and depth

Analysis of the March and October 2025 DEMs indicates that the Waiho River is continuing to deepen
and widen the avulsion channel as it cuts down into its own fan surface as well as the finer sediments
of the Tatare fan.

e The upper two cross sections (1and 2) show the widening of the avulsion channel, as it erodes
the Waiho fan surface on the true left, with lateral erosion of up to 135 m (Figure 2-1and Figure
2-2). Further upstream, the Waiho continues to incise into its bed, with pronounced channels
forming as shown in Figure 2-5 and Figure 2-6 (section 2.2).

e Within the avulsion channel itself, cross sections 3 and 4 show lateral erosion of up to 60 m
along the true right. This continues the trend of the avulsion shifting to the east (true right)
which could gradually migrate upstream towards the treatment ponds, existing assets, and
SHG6, as well as erosion of the farmland between the Waiho and Tatare downstream of SH6.
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Figure 2-1: Lateral erosion of the avulsion channel between March and October 2025 DEMs
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Figure 2-2: Lateral erosion of the avulsion channel between March and October 2025 orthoimagery.

e High resolution satellite imagery over the last eight months indicates that this erosion
appears to be progressive rather than the product of a singular significant event (Figure 2-3).
As despite lower than average rainfall on the West Coast for most of 2025, erosion has still
occurred from month to month. However, periods of prolonged above average rainfall such
as this spring (September and October), can exacerbate erosion.

e During the week following the capture of the October 2025 LiDAR, two prolonged rainfall
events resulted in further erosion along the true right bank of the avulsion channel (Figure
2-4).
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Figure 2-3: Lateral erosion along the avulsion channel in 2025 - traced from LiDAR orthoimagery and
high resolution satellite imagery (Sentinel Hub).

K
~ 4 h” WEST COAST

REGIONAL COUNCIL

Land River Sea
CONSULTING



Legend

Lateral erosion (2025)
——— 27 October

— 16 October
——— 7 September
8 August
——— 10 May
——4 March

Figure 2-4: High resolution satellite imagery from 27t October (after the LiDAR) shows further erosion.

2.2 Upstream migration of the incision point

The point at which the Waiho starts to incise into its fan surface has been extending upstream since
the avulsion channel was established in February 2023. This point of incision acts like a knickpoint in
the Waiho's longitudinal profile as it marks a distinct discontinuity in the bed elevation and slope, as
the avulsion channel is at a much steeper grade to the main Waiho fan surface. The upstream
migration will likely continue as the Waiho adjusts its form to create a smooth longitudinal profile
through this channel.

Analysis of the March 2025 and October 2025 LiDAR sets suggests that the incision point is now
adjacent to Canavan’s Knob and the treatment ponds.

2.2.1. Digital Elevation Model (DEM)

Comparison of the March and October digital elevation models (DEMs) indicate that the Waiho River
has incised into its own face surface, whilst also migrating the avulsion incision point upstream.

The contour lines (at 1 and 5 m intervals) for each DEM in Figure 2-5 highlight the shape of the
avulsion channel. Both LiDAR sets show a defined channel where the avulsion cuts into the Tatare
fan. However, across the Waiho fan surface, in March the avulsion contours are much more in line
with those of the fan contours, whilst in October the avulsion contours show a pronounced channel
up to Canavan'’s Knob and the treatment ponds.
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Figure 2-5: Comparison of the March and October 2025 DEMs with 1 and 5m contours.

This change between LiDAR sets, is also evident when the edges of the incised channel from October

are overlain over both DEMs (Figure 2-6).
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Figure 2-6: Comparison of the March and October 2025 DEMs overlaid with the October 2025 avulsion
incision edges.

2.2.2. Geomorphic Change Detection (GCD)

GCD analyses comparing the October 2025 LiDAR to the March 2025, July 2024, and 2016 LiDAR
surveys have been completed to better understand the upstream migration of the incision point.

e As can be seen in Figure 2-7, since 2016, the Waiho has substantially built up the true left of
its fan downstream of Canavan's Knob. This deposition zone will be discouraging flow across
the true left to the gap between Rata Knoll and the Waiho Loop, and encouraging them to
the true right into the avulsion.

¢ With the main flow of the Waiho in the avulsion channel, it has continued to incise into both
the Tatare and now its own fan surface over the last eight months. The March to October
2025 GCD, shows channelised erosion all the way up to Canavan’s Knob, where the channel
dissects, one branch along Havill's wall and the other to Canavan’s Knob (Figure 2-7).
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Figure 2-7: GCD results between October 2025, and 2016 (left) and March 2025 (right).

The NIWA morphological model has generated forecasts from the July 2024 LiDAR surface.
Comparing the actual LiDAR GCD (July 2024 to October 2025) with these forecasts, suggests that the
avulsion development is occurring at faster rate than forecast (Figure 2-8).

e The forecast for January 2026 (the closest to the latest LiDAR) shows erosional activity mainly
confined to the avulsion channel across the Tatare fan, with it only just transitioning onto the
Waiho fan.

e The January 2029 forecast shows large amounts of erosion on the Waiho fan surface, with a
channel extending up to Canavan's Knob and the treatment ponds, where it then dissects,
forming a channel along the true left, and the start of one along the true right.

The July 2024 to October 2025 GCD appears to be much more similar in activity to the 2029 forecast,
as it shows large amounts of incision across the Waiho fan surface, and a pronounced channel up to
Canavan’s Knob and the treatment ponds, which then dissects into two branches (Figure 2-8).
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Figure 2-8: Comparison between the morphological model forecast for 2026 and 2029, and the actual LiDAR (Jul 2024 to Oct 2025) GCD results.
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2.2.3. Cross sections

Of the three cross sections that fall within the reach captured by the LIiDAR - 18, 19 and 20 (Figure
2-9) — both 19 and 20 show significant incision between March and October.
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Figure 2-9: Cross section locations with October 2025 LiDAR extent.

Cross section 18 does not yet show any signs of incision from the avulsion (Figure 2-10). This aligns
with the contours overlain on the DEMs in Figure 2-5.

The change in cross section 19 - located adjacent to Canavan's Knob and the treatment ponds - is
particularly notable, as it now shows substantial incision down its middle highlighting the
progression of the incision point upstream (Figure 2-11). Furthermore, the true left is now elevated
above the rest of the cross section which is likely to encourage the Waiho to continue to flow into
the avulsion, and make it more difficult for it to flow to the true left to Rata Knoll.

Cross section 20 continues to incise down on the true right where the avulsion channel has formed
(Figure 2-12). There is now a 12 m difference between the true left and true right sides of this section.
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Figure 2-10: Cross section 18 with the elevations (NZVD 2016) from March and October 2025.
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Figure 2-11: Cross section 19 with the elevations (NZVD 2016) from March and October 2025.
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Figure 2-12: Cross section 20 with the elevations (NZVD 2016) from March and October 2025.

2.2.4. Mean Bed Levels

Mean bed levels (MBL) of the three cross sections - 18, 19 and 20 (Figure 2-9) — have also been

calculated, and plotted with previous years.
The MBL results support what the DEM and elevation data is showing:

e The MBL of the most upstream cross section (18) has not changed since March 2025 (Figure
2-13). This cross section is just upstream of where the DEM is showing the incision has
progressed to, and where the fan is still relatively uniform across its face with multiple braids
rather than distinct large channels (Figure 2-10).

e The most significant change in MBL occurs at cross section 19 (adjacent to Canavan’s Knob
and the treatment ponds). In this location, the MBL decreased, returning to levels similar to
those in 2019 and 2021 (Table 2-1).

Table 2-1: Mean bed levels (m - LVD37) at cross section 19 from 2015 to 2025.

2015 2016 2019 2021 2023 2024-Jan 2024-Jul  2025-Mar | 2025-Oct

125.32 125,62  126.51 126.49 | 126.88 127.31 126.80 126.92 126.54

e At cross section 20, the MBL continues to go down (Figure 2-15). This latest step, however, is
greater than the previous two intervals (January to July 2024, and July 2024 to March 2025)
and this cross section is now lower than it has ever been since surveys began (1983).
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Figure 2-13: MBL relative to 1993 MBL at cross section 18.
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Figure 2-14: MBL relative to 1983 MBL at cross section 19.
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Figure 2-15: MBL relative to 1983 MBL at cross section 20.

Furthermore, comparing the MBL results with the NIWA morphological model results and the
design level along Havill's wall (forecast based on the aggradation rate), shows that upstream
migration may be occurring more rapidly than modelled and forecast.

e At cross section 18 (Figure 2-16), the latest MBL is still similar to that of the morphological
model and what has been forecast (design levels).
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e At cross section 19 (Figure 2-17), however, the MBL has dropped below both the model and
forecast for 2025, but also for the lowest MBL forecast (2029).
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Figure 2-16: Morphological model, actual LIDAR and design mean bed levels at XS18.
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Figure 2-17: Morphological model, actual LiDAR and design mean bed levels at XS19.

2.2.5. Long section profile

To better understand the upstream migration of the incision point, a longitudinal profile along the
October 2025 main channel (including the Canavan’s branch) with both the March and October
elevations has been plotted. Whilst Figure 2-18 highlights the incision that has occurred since March
2025 into the Waiho fan surface, it also shows that the slope of the upper fan (March 2025) is still
slightly less than that downstream of Canavan’'s Knob (October 2025). Thus, the incision point is likely
to continue to migrate upstream until the Waiho can establish a uniform gradient between both fan

and avulsion channel.
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Figure 2-18: Long section profile down the October 2025 main channel with the Canavan's branch, and the March 2025 elevations for comparison.
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3. COMMENTARY

This analysis has found that over the last eight months the Waiho River has continued to deepen
and widen its avulsion channel into the Tatare Stream.

Lateral erosion along the true right continues, eroding the farmland between the Tatare and
Waiho.

This erosional behaviour is no longer limited to the Tatare fan surface, as the Waiho is now
significantly cutting into its own fan. The mean bed level at cross section 20 lower than it has
ever been since surveys began (1983), and at cross section 19 continues to lower.

The avulsion incision point has also rapidly extended upstream. A pronounced channel has
formed in the Waiho fan up to Canavan’s Knob and the treatment ponds which then dissects
into two channels, one to the true left (Canavan’s Knob and the NZTA stopbanks), and the
other to the true right (Havill's wall and the Link bank).

This activity does not appear to be the product of a significant event nor the result of the
higher than average spring rainfall this year. High resolution satellite imagery suggests
change has been occurring throughout the year, despite lower than average rainfall totals.
It also appears to be occurring at a faster rate than what has been forecast by the
morphological model.

A long section profile down the October 2025 main channel shows that the upper fan profile
(above Canavan’s Knob; March 2025) is less steep than downstream of Canavan’'s Knob. Thus,
the upstream migration of the incision point is likely to continue as the Waiho works to create
a uniform gradient.

The implications of this development are that:

Havill's wall could become at risk of undercutting significant sooner than predicted. This is
based on the downstream behaviour of the avulsion which over the last couple of years tends
to incise first, and then widen. Therefore, if this pattern continues, the entrenched channel
that has formed up the Waiho fan to Canavan's Knob and the treatment ponds is also likely
to widen with time, putting the ponds at significant risk.

Please contact me if you need further clarification.

Kind regards,

Rose Beagley (BSc, MSc)
Geomorphologist / Water Resource Scientist

Land River Sea Consulting Ltd
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