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Executive Summary

Assessment of successive aerial photographs from 1943 shows the mouth of the Orowaiti River has
progressively migrated eastwards in conjunction with the progradation of North Beach and Orowaiti
Barrier east of the Buller River mouth. The extension of the Orowaiti Barrier has been progressive
and equates to some 4 km in ¢.80 years.

Extension of Orowaiti Barrier has had the effect of confining flood flows down the Orowaiti Estuary,
resulting in erosion of the former shoreline, which has become the inland margin of the estuary.
Floods spilling into the Orowaiti River from the Buller River are likely to have sufficient energy to
trim the margin of the estuary where it has become confined by the extending beach / barrier.

The most pragmatic and sustainable approach to management at present is to let nature run its
course. The Orowaiti Barrier will likely continue to migrate along the coast to an equilibrium state.
Erosion is likely to continue where flood flows are most confined, i.e. at the eastern end of the
barrier as it progresses eastward. The locus of erosion is likely to shift towards the vicinity of
Deadmans Creek. Cutting of a channel through the barrier is not recommended in light of the
volume of sediment being deposited along this feature.

Monitoring of the active geomorphic processes and associated sediment transfers is recommended
in order to understand the rate and trajectory of adjustment in the Orowaiti Estuary. Generation of a
robust database and understanding of processes, risks and responses to key trigger events (floods
from the Buller River and coastal storms) will enable a pro-active and precautionary approach to
managing erosion along this shoreline.
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1. Introduction

1.1 Aim & context

Over at least the last 80 years, significant seaward advance of the Westport shoreline east of the
Buller mouth has forced the outlet of the Orowaiti River eastwards by over 3 km, towards the
confluence of Deadmans Creek and Black Creek. This has adversely impacted the local community
and biodiversity/coastal wetland setting through erosion of the landward estuary shore. This report
provides a high level geomorphic study of changes to the coastal environment over time, along with
likely future development and recommendations for mitigation of flood and erosion risk, using the
PARA framework.

1.2 Background geomorphology

The West Coast of the South Island is characterised by a very dynamic coastline, which responds
rapidly to a range of driving factors®. The Westport coastline is no exception. At the Buller River
mouth the coastline has been characterised by accretion since (at least) the construction of harbour
training works at the Buller River mouth in 18702 However initially construction of river training
works interrupted longshore sediment transport east, and 100-200 m of erosion of low sea cliff
along the eastern margin of what is now the Orowaiti Estuary in the late 1800s was reported by
Boserelle and Allis3.

On average the Buller River delivers some 4.96 million tonnes of suspended sediment to the
coastline per year®. Neale et al. (2007) identify ~1 km of accretion at the river mouth itself since
1870. The rapid rate of accretion since the earliest available map of the coastline in 1868
demonstrates how quickly sediment has built up, prograding the coastline at Westport (Figure 1.1).
This rapid coastline accretion has set up the conditions for today’s rapid eastward migration of the
Orowaiti Barrier and eastward migration of the Orowaiti River mouth and extension of the Orowaiti
Estuary.

1 Kain, C. L., & Hart, D. E. (2009). Past, present and future evolution of coastal lagoons, Westland,
New Zealand. In Coasts and Ports 2009: In a Dynamic Environment. Engineers Australia.
2 Neale, DM, Pindur, NB, Reedy, MC, Watson, B. 2007. The West Coast Marine and Coastal

Environment: An initial report for the West Coast Marine Protection Forum.
https://ref.coastalrestorationtrust.org.nz/site/assets/files/3205/neale d 2007 wcmarineandcoastalenvironment.pdf

3 Bosserelle, C. & Allis, M. (2022). Mapping for priority coastal hazard areas in the West Coast
Region. NIWA Client Report 2022036HN

% Hicks, D.M., Shankar, U., McKerchar, A.l., Basher, L., Lynn, |., Page, M. and Jessen, M., 2011.
Suspended sediment yields from New Zealand rivers. Journal of Hydrology (New Zealand), 50(1),
pp.81-142.
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Figure 1.1. Westport Coastline mapped in 1868. An early course of the Buller is also shown her,
suggesting that a cut / diversion reported in 18907 likely preferentially occupied this western route
to the sea. Source: https://westport.nz/wp-content/uploads/2019/03/WestportHistory02.pdf.

In 1943 the Orowaiti river mouth was positioned more or less directly in alignment with the north-
south alignment of its contributing channel, with only a small estuary present (Figure 1.2) and a
direct pathway to the sea. Since most of the Buller River flow and sediment would have been routed
down the Orowaiti channel, the mouth of the Orowaiti would have been maintained in this western
location. However, in 1890 a cut diverted most of the Buller into its current alighment®. Once the cut
was established and the Orowaiti essentially abandoned in all but flood flows, most Buller sediment
has been discharged to the coastline farther west at the current river mouth, which contributed to
rapid coastline accretion at this location?. The direction of littoral drift is north and east along the
west coast of the South Island (Figure 1.3). Accordingly following the re-routing of the Buller River,
far larger volumes of sediment have now been locally delivered to the coast between the current
Buller River mouth and its former outlet, which is now the Orowaiti. In addition it should be noted
that the inbuilt misalignment of the Westport Harbour training walls disrupts the longshore
sediment transport, resulting in sediment bypassing the harbour entrance®. Kirk et al. (1987) note
that river sediment and littoral drift are mixed off the harbour and recirculated to cause
progradation of North Beach. These local changes in sediment dynamics at this point on the coast
are contributing to rapid coastline progradation and eastward migration of the Orowaiti river mouth
and barrier (Figure 2).

5 https://www.resilientwestport.co.nz/flood-protection

6 Kirk, R.M., Hastie, W.J. and Lumsden, J.L., 1987. Sedimentary processes operating around the
entrance to a river mouth port, Westport, New Zealand. New Zealand Journal of Marine and
Freshwater Research, 21(2), pp.337-347.
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Figure 1.3. Longshore sediment transport around New Zealand’s coast. Note the high annual
sediment input (130.6 million tonnes) to the Westland coast, together with the north-east direction
of longshore drift, which moves this sediment along the coast.

Figure 1.2. Westport Coastline in 1943, with 1974 and 2022 limits mapped. This Figure shows both
rapid and extensive coastal progradation east of the Buller River mouth as well as eastward
migration of the Orowaiti River mouth associated with extension of the Orowaiti barrier.




The Orowaiti River is an original course of the Buller River, which was fully diverted to its current
alignment by 1890°. The Orowaiti River is now an overflow channel for the Buller River when the
Buller is in flood. Discharges down the Orowaiti River have been approximated at 1,200 m3s™ and
1,500 m3 s for the 50 and 100 year Annual Recurrence Interval (ARI) events respectively’. Prior to
the July 2021 event the 50 and 100 year ARI discharges in the Buller River at Te Kuha 10 km
upstream from Westport and upstream from the spill into the Orowaiti channel were approximately
8,920 m3* st and 9,750 m3 s! respectively. This suggests that during large floods, approximately 15%
of Buller River flows spill into the Orowaiti (Figure 1.4).

Figure 1.4. Flood depths in July 2021 surveyed around Westport highlighting the extent of spill down

the former course, which is now the Orowaiti to the east of the town. Source:
https://niwa.maps.arcgis.com/apps/mapviewer/index.html?webmap=02a56ba568774824893500e5bdabba01

7 NIWA Letter Report to WCRC dated 6 May 2015
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2. Recent geomorphic history reviewed

2.1 Coastline and barrier changes
The position of the coastline has been mapped using rectified aerial imagery sourced from Retrolens,
LINZ and WCRC drone imagery (Figure 2.1). A stack of imagery from 2009-2024 (Figure 2.2) highlights
the most recent changes at the river mouth and end of the barrier, which are the catalyst for this
report. The sequences in both Figures 2.1 and 2.2 show:

(i) coastline progradation as the beach east of the Buller River mouth has accreted

(i) eastward extension of the Orowaiti Barrier

(iii) eastward migration of the Orowaiti River mouth

(iv) eastward growth of the Orowaiti Estuary

(v) erosion of the landward estuary margin over time associated with (ii-iv) (Table 2.1)

Coastline Mapping ee— 12
— 1943 e 2009

1951 — 15
ES— S5

— 1974

727 WEST COAST Orowaiti River

REGIONAL COUNCIL

Envirolink Project: 1943 Imagery

Figure 2.1. Coastline mapping east of the Buller River between 1943 and 2024, showing coastline
progradation, eastward extension of the Orowaiti Barrier, and shoreline erosion. Numbers and lines
refer to the location and extent of maximum erosion of the shoreline for the epochs in Table 2.1.
Note the shoreline accretion evident in the vicinity of line 3 between 1943 and 1951.



Table 2.1 Maximum erosion of Orowaiti shoreline 1943-2022 approximated from successive
shoreline mapping.

Epoch Maximum  Annualised erosion rate Notable Buller floods®
erosion (m) (m/yr)
1. 1943-1951 400 50 1944, 1949, 1950
2. 1951-1955 150 38 1955
3. 1955-1974 400 21 1967, 1969, 1970, 1971
4. 1974-1988 75 5 1976, 1979
5. 1988-2009 75 3.5 1988,
6. 2009-2016 10 1.4 2015
7. 2016-2022 10 1.7 2018 (Fehi & Gita)
8. 2022-2024 5 2.5 2021

Note: recent annualised erosion rates in Table 2.1 are consistent with figures reported in 2022 by
Bosserelle and Allis3.

8 West Coast River Flood History 1846-1989, compiled by John Benn for WCRC
https://www.wcrc.govt.nz/repository/libraries/id:2459ikxj617q9ser65rr/hierarchy/Documents/Publi
cations/Natural%20Hazard%20Reports/West%20Coast/West%20Coast%20River%20Flood%20Histor
v%201846%20-%201989%20J%20Benn%201990.pdf
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Figure 2.2. Sequence
of rectified aerial
imagery showing
changes at the
eastward extent of the
Orowaiti Barrier and
river mouth between
2009 and 2024.




2.2 Orowaiti Estuary cross section surveys

Cross sections of the Orowaiti River were surveyed for WCRC in 2021 and 2024. Sections A and B
bisect the lower estuary and highlight the elevation changes along these section lines (Figure 2.3).
Cross section A, which is farthest east, indicates that the deepest part of the channel was adjacent to
the landward margin of the estuary (true right bank) in 2021. Figure 2.2 (2022) similarly shows a
single channel located towards the true right of the estuary at this location. By 2024 the deep
channel has infilled and the level of the estuary has risen: the lowest point is 3 m higher in elevation
in 2024 compared with 2021 (Figure 2.3). The principal channel also appears to have migrated
towards the true left (towards the barrier), which is also evident in Figure 2.2 (cf. 2022 and 2024
images), cutting into the barrier at this location. By contrast, at cross section B the surveys
demonstrate only minor adjustments vertically and horizontally between 2021 and 2024.

uy

=
()
wo
o
@
©
<

Figure 2.3. Cross section surveys A and B of the Orowaiti estuary in October 2021 (red) and
December 2024 (black). Note: horizontal and vertical scales are the same for ease of comparison.
Data provided to WCRC by Chris Coll Surveying.

2.2 Site visit, November 2024

Photos taken at the Orowaiti estuary and river mouth on a site visit in November 2024 reveal the
conditions on the ground and the nature of the banks on true right of the estuary channel.

Figure 2.4. Photo (25/11/24) looking west along the Orowaiti Estuary at low tide, showing trimming
of the true left margin of the barrier by the principal channel, which is aligned towards the true left.



Figure 2.5. Photo (25/11/24) looking east along the landward margin of the Orowaiti Estuary in the
vicinity of cross section A at low tide, showing a steep and recently eroded cut bank beyond rock
armour in the foreground.

Figure 2.6. Photo (25/11/24) looking west along the landward margin of the Orowaiti Estuary in the
vicinity of cross section A at low tide. Note the bifurcation of the Orowaiti channel, with most flow
now on the true left (barrier margin), cf. Figure 2.2 and Figure 2.4).

3. Discussion

Over time it appears that as the Orowaiti Barrier has extended eastwards and the river mouth
migrated to keep up with the barrier extension, erosion on the landward estuary margin has
followed (Figure 2.1). For example significant erosion in the vicinity of cross section B occurred
between 1943 and 1951. Between 1955 and 1974 there was significant and extensive erosion along
the shoreline, with ~400 m retreat evident in places (21 m/yr) as the shoreline transitioned from
open coast to estuary with the eastward extension of the Orowaiti Barrier (Figure 2.1). Erosion rates
since 1974 have noticeably declined (Table 2.1). While some retreat could be attributed to open
wave attack, it is notable that there has been a consistent eastward shift in maximum shoreline



erosion, keeping up with the eastward extension of the Orowaiti Barrier. In fact it appears that
between 1943 and 1951 there was beach accretion east of the Orowaiti river mouth, prograding the
shoreline in this epoch (Figure 2.1). This accreted material was subsequently eroded from the
shoreline with the advance of the barrier between 1955 and 1974 (Figure 2.1).

The drivers of shoreline erosion in the Orowaiti Estuary are likely to reflect alignment of flow
towards the Orowaiti River mouth. As the Orowaiti Barrier has extended, flow along the river
channel becomes confined and pushed towards the true right shoreline. The geomorphic impact of
this effect is demonstrated in cross section A (Figure 2.3), where confined or concentrated flow
deepens the channel bed and undercuts the adjacent bed. It appears that the end of the barrier is
effective at diverting flow towards the shoreline resulting in this erosion and scour. Further
extension of the barrier allows the estuary to widen (by trimming the true left barrier margin, cf.
Figure 2.4). In this widened form, flows appear to be less concentrated and the profile of the estuary
stabilises, as is evident at cross section B (Figure 2.3).

In addition, the formation of large sand bars in association with channel development in the estuary
also directs the alignment of potentially erosive flows towards the estuary margins. The migration of
a large sand bar is evident between 2022 and 2024 (Figure 2.2). In 2022 this aligned flow directly
towards the landward (true right) side of the estuary in the vicinity of cross section A. In 2024 the
bar and channel have migrated east (along with the river mouth), so that this sand bar now sits
adjacent to the true right in the vicinity of cross section A (Figure 2.2).

Alignment of the barrier relative to the estuary (and channels therein) does not by itself explain the
erosion evident. There must be a means of erosion. Regular flows along the Orowaiti Estuary, with
such a low gradient, seem unlikely to be able to generate sufficient energy to result in the rates of
erosion evident (Table 2.1), although Bosserelle and Allis (2022)3 suggest the river mouth migration
can cause erosion by river and tidal flows and that local wind waves and river floods can cause bank
erosion (cf. Figure. 2.4). However, during larger floods, up to ~15% of the Buller River flow spills
down the Orowaiti and these flows may be more likely to effect the erosion evident. During each
epoch, notable floods have been recorded in the Buller River (Table 2.1), which provides a
mechanism for shoreline erosion where flow is directed towards and confined along the margin of
the Orowaiti Estuary by the Orowaiti Barrier. In addition it is possible that eastward of the protection
afforded by the extending Orowaiti Barrier, the shoreline may be vulnerable to wave attack from the
open ocean, particularly during northerly swell and storm wave conditions, such as occurred during
Cyclones Fehi and Gita in 2018 (Figure 3.1). However, the rate of shoreline retreat observed during
the 2016-2022 epoch was not exceptional (Table 2.1). Nevertheless, wave energy may be sufficient
to contribute to erosion of the shoreline where exposed (cf. Bosserelle and Allis, 20223).

Figure 3.1. Storm waves reaching the Orowaiti shoreline margin in the vicinity of Deadmans Creek
during Cyclone Fehi (supplied by P Birchfield).

In the foreseeable future, it is likely that the Orowaiti Barrier will continue to extend. Bosserelle and
Allis (2022)3 identified a large sediment bulge on North Beach, which is migrating slowly along the

foreshore towards the mouth of the Orowaiti Estuary. In turn this means it is likely that the focus of
shoreline erosion will also continue to migrate eastward towards Deadmans Creek. At this point it is
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probably unlikely that the barrier will continue to extend because the alignment of the coast begins
to change. The key question at this point is whether the end of the Orowaiti Barrier attaches to the
coast in the vicinity of Deadmans Creek, forming a ‘hapua’ type lagoon system, which will then
impound drainage from both Deadmans Creek and the Orowaiti River.

NIWA'’s coastal hazard mapping® provides a 100 year outlook for shoreline erosion east of the
Orowaiti mouth that exceeds 200 m. This contrasts with their estimation of up to 20 m of erosion in
the inner part of the estuary, which is principally located on the barrier side, most likely reflecting
projected sea level rise impacts on this low lying terrain. An assessment of 200 m erosion over 100
years assumes current rates of ¥2 m / year (cf. Table 2.1) continue at the same rate as today.
However, as Figure 2.1 indicates, the zone of maximum erosion has migrated east over time in
conjunction with the eastward migration of the river mouth. If (as expected) the barrier continues to
develop and the river mouth continues to migrate, so the location of maximum erosion of the
shoreline is expected to migrate. This scenario means it may be unreasonable to project current
erosion rates at locations now subject to 2 m erosion / year over 100 years, if within a decade the
river mouth has migrated substantially eastward such that currently eroding areas would become
less prone to erosion. Erosion rates of 200 m year should therefore be taken as a worse-case
scenario: barrier migration may cease, or the end of the barrier may become truncated by either a
river cut or storm wave activity, exposing the Orowaiti (true right) shoreline to renewed erosion.

4. Recommendations

| do not recommend ‘do nothing’. It is important to track and understand the trajectory of the
development of the Orowaiti Barrier and Estuary over time, particularly if a hapua type lagoon
develops. The likelihood of such a prospect could be explored through modelling scenarios, taking
into account ongoing sediment flux through the littoral system, sea level rise, and river flows
(Deadmans Creek and Buller flood spills).

Shoreline erosion does not appear to be proceeding at an alarming rate, compared with the mid
twentieth century, with rates in the vicinity of the river mouth now typically ~2 m / year. The
evidence of shoreline retreat is much less significant than during the mid twentieth century, even
with the impacts of Cyclones Fehi and Gita, and the largest recorded flood in the Buller River that
occurred in July 2021. It may be that the Orowaiti Estuary and Barrier system is reaching a form of
dynamic equilibrium, although further barrier extension is possible, even likely?, with commensurate
shoreline erosion as discussed. This means erosion should be expected between the current river
mouth and Deadmans Creek, and this is also projected by NIWA coastal hazard mapping?>.

Monitoring of the active geomorphic processes associated with barrier extension and shoreline
erosion is recommended in order to understand the rate and trajectory of adjustment in the
Orowaiti Estuary. Generation of a robust database and understanding of processes, risks and
responses to key trigger events (floods from the Buller River and coastal storms) will enable a pro-
active and precautionary approach to managing erosion along this shoreline.

4.1 Applying the principles of the PARA Framework
The PARA Framework can be summarised as Protect, Avoid, Retreat, and Accommodate (Figure 4.1).

This section offers a very high-level overview of its potential application connected with the Orowaiti
Estuary and shoreline erosion.
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Avoid Protect Accommodate Retreat

Figure 4.1. PARA Framework

Protection reduces the extent and or frequency of the hazard. Shoreline edge protection structures
(rock revetments and groynes) have been installed, albeit somewhat haphazardly and by local
landowners to protect individual properties (cf. Figure 2.5). Further protection could be deployed,
although this will be fighting against natural processes and would likely entail significant engineering
effort and expense. Rock protection is recognised as a temporary fix, particularly in the light of
projected sea level rise. Furthermore, with the active migration of erosion along the shoreline in
concert with migration of the river mouth, it is highly likely that any rock protection will be
outflanked.

Avoidance ensures new development and property and vulnerable assets are not exposed to the
hazard. In light of the likely translation eastward of shoreline erosion, combined with projected rise
in sea levels and risks from intensified storms and floods, development within the coastal zone
associated with the Orowaiti and Deadmans Creek should be avoided. NIWA hazard mapping
identifies a significant zone of potential erosion up to and in places exceeding 200 m in the vicinity of
the river mouth. This extent of erosion is likely to represent a worse case scenario, nevertheless it
would be prudent to restrict development in this area.

Retreat relocates existing people, property and assets from locations exposed to the hazard. It
appears that most properties are set well back from the current shoreline. However retreat should
be considered if the recommended monitoring identifies enhanced erosion that places properties,
people or assets at risk. NIWA hazard mapping places properties in the vicinity of the current river
mouth and Deadmans Creek in an erosion zone, based on 200 m shoreline retreat over the next
century. Although a worse-case scenario, a programme of buy-out when properties come to market
could be considered in order to effect retreat from zones considered to be at highest risk of erosion
in the vicinity of the Orowaiti River mouth and Deadmans Creek.

Accommodate reduces the consequences of the hazard. Since shoreline erosion involves removal of
land, it is not feasible to accommodate. Avoidance and retreat are therefore likely to be the
preferable solutions in managing the ongoing risk posed by shoreline erosion in the Orowaiti
Estuary.

o
Professor lan Fuller
20 June 2025
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