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Executive summary

This report was commissioned by the West Coast Regional Council to address recent coastal erosion
and future coastal hazards at Punakaiki Village.

Coastal erosion at the Village has been a matter of concern for many years. A series of investigations
have been undertaken since 1983 as a result of these concerns with the result that rock revetments
were constructed to respond to the regional trend of reducing sediment supply causing the beach to
retreat. There are two main bodies of revetment; the Punakaiki Village revetment which protects the
Village (extended north several times) and the adjoining SH6 revetment to the south of the Village
revetment which protects the main regional highway.

In February 2018, the destructive extra-Tropical-Cyclone Fehi brought flooding, high winds, waves
and storm surges to Punakaiki. The storm destroyed the SH6 revetment but there was no notable
damage to the Village revetment. The road was closed for 10 hours with debris-laden waves rushing
across the road, and the route was reduced to a single lane for 10 months while reinstatement works
were undertaken. After the Fehi storm a new revetment was built to protect SH6, however, the
storm also highlighted the vulnerability of the Punakaiki area to coastal hazards and sea level rise.

This report addresses coastal changes and potential effects from the new SH6 revetment, and also
provides advice on the future coastal hazards and how the Punakaiki community can respond to the
rising threats.

Recent changes and effect of new SH6 revetment

Overall, the new SH6 revetment appears well designed and constructed with generally appropriate
rock material, vertical geometry, tie-in to the adjacent Village revetment and with future provision
for upgrades to respond to rising sea levels.

It should be noted that the revetment employs a design for situations with severe scour potential,
where armour stones are placed directly on the beach with no toe excavation but allow for a “falling
apron” where rocks are able to fall into any scour holes that occur at the toe of the revetment, thus
providing a “self-armouring toe”. At the time of inspection, the toe is yet to “fall” into its long-term
design configuration. Monitoring of the position and elevation of this toe is recommended.

One key concern from the new SH6 revetment is the change to wave behaviour and sediment
transport on the beach below the Village revetment, potentially leading to undermining of the Village
revetment toe. The new revetment changes the shoreline alignment and form, including a 15 degree
rotation of the shoreline alignment, up to 40 m encroachment and altered shoreline form from very
large rock slabs to relatively smooth rocky revetment. Given the pre-existing regional trend of
sediment supply reduction with localised beach lowering and beach retreat, the potential changes
from the SH6 revetment may promote further losses of beach material, lowering of the sand level
and, if severe, would lead to accelerated undermining of the toe of the southern sections of the
Punakaiki Village revetment.

In terms of surfing at Punakaiki, the main surf corridor is 50-100 m offshore and is buffered from the
largest changes to sandbanks and waves. Any changes to the nearshore sandbanks and surf quality
are expected to be similar to the natural variability typical of sandy-seabed surfing locations.
Obtaining anecdotal observations from local and regular Punakaiki surfers may be worthwhile to
establish if the effect is noticeable to users.
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It is recommended that the beach monitoring programme continue at Punakaiki Village and, if NZTA
does not have a post-construction monitoring plan in place, the surveying be extended by 4-5
additional profiles which traverse the new revetment to the southern interface with Dolomite Point.
The key survey measurements will be the elevation of the revetment toe, and if possible, the
sand/rock interface below the revetment toe. These surveys will need to be timed for spring low
tides to enable beach access. This monitoring information is key to the prudent management of the
existing revetment structure, providing for warning of undermining at the toe (which already may be
at risk), and planning for future maintenance and upgrades which may be required.

A wave overtopping assessment based on probabilistic wave conditions would be beneficial to
understand how future coastal hazards will affect the revetments (both SH6 and Village revetments)
as sea-level rises and the beach level continues to fall. This should include both the as-constructed
geometry and the long-term “fallen-toe” geometry, assessment of drainage capacity for the
overwashing swales and potential undermining and failure scenarios. This output would be also
beneficial to the long-term planning of the Punakaiki Village site.

Future coastal planning

The Punakaiki community have invested in the revetments as a means to protect the Village from
coastal retreat. This revetment currently provides an adequate level of protection as evidenced in
the Fehi storm of February 2018, although this has been at the cost of losing beach amenity.

However, the coastal retreat is expected to continue, and accelerate, as sea-level rises for centuries
to come. This means that there will be an increasing cost of maintaining and upgrading the coastal
revetment just to maintain the same level of protection into the future. Eventually, sea-levels will
reach a point where the revetment can no longer protect the community from coastal hazards.

Managing and adapting to the rising threats at Punakaiki will need to be an ongoing community-
focussed process, and should include discussions on acceptable levels of risk, likely degree of hazard
exposure, and consideration of community values and aspirations that contribute to a sense of place.

The 2017 edition of the Ministry for the Environment guidance manual on Coastal Hazards and
Climate Change recommends the use of a 10-step decision cycle, grouped around five questions:

Question 1: What is happening? e.g., coastal retreat which will continue and accelerate in the
foreseeable future.

Question 2: What matters most? e.g., community values, assets, ecosystems and objectives.

Question 3: What can we do about it? e.g., continued revetment upgrades, relocate on site,
retreat away from the coastal hazards.

Question 4: How can we implement the strategy? e.g., a pathway to manage and adapt to the
coastal hazards in the foreseeable future, but flexible enough to copy with uncertainty.

Question 5: How is it working? e.g., monitoring and reviewing the situation, objectives, options
and decision points.

! Determining why the Village revetment remained relatively unscathed is beyond the scope of this report. However, the revetment may
have been fortunate and benefited from the sequence of wave directions during Fehi.
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The community and councils are encouraged to begin conversations and planning for the long-term
scenarios with higher sea-levels, beyond a time when the revetment can no longer providing
effective protection, and when other low-lying areas of Punakaiki Village experience higher
groundwater levels and increased flooding. With this long-term view, the community should
consider that eventual retreat away from the Village site may be appropriate. With a longer-term
perspective, it may become apparent that ongoing investment in the revetments is not the most
appropriate way to manage the hazards to the community and assets over the longer term.

The community and councils are encouraged to consider these questions and seek answers while
they develop a plan for managing and adapting to future coastal changes at Punakaiki.

Advice for coastal management at Punakaiki and Pororari



1 Introduction

This report is one of several recent reports by NIWA assessing coastal erosion and future coastal
hazards for the West Coast Regional Council (WCRC).

Advice was sought on two aspects related to Punakaiki Village and Pororari Beach.

1. Coastal protection works: Whether adverse effects are anticipated from the upgraded
revetment which protects SH6 to the south of the Village, including understanding of
the potential changes that may affect the beach (including surfing), maintenance
requirements and long-term sustainability of the Punakaiki Village revetment.

2. Coastal planning: to formulate potential options about a long-term coastal strategy for
the community to manage and adapt to climate change and coastal hazards, including
options for long-term management of the Punakaiki Village revetment.

The advice provided in this report is intended to support WCRC, the Buller District Council (BDC) and
the Punakaiki community as a basis for discussion.

This investigation included reading several existing reports?, examining beach profile surveys, a
walkover site inspection and discussions with WCRC staff (WCRC Area Engineer Paulette Birchfield).

The study has been supported by Envirolink Small Advice Grants (ref No 2002: C01X1906 and No
2002: C01X1907) provided the Ministry of Business, Innovation and Employment.

1.1 Background

The background to the establishment of the existing rock revetments at Punakaiki are well
documented, and concerns over coastal erosion at the township have been a matter of concern for
many years. A series of investigations and reports has been undertaken since 1983 as a result of
these concerns (e.g., Hamilton 1983, Kirk 1988, Neale 1997, Neale 2007, Ramsay 2007, Hicks 2014,
Goss 2016).

Hicks (2014) provides a succinct chronological summary of the findings and developments from the
earlier reports. This excerpt is copied into Appendix A of this report for reference.

Work was undertaken commencing 2014 to add rocks to the existing wall and to bolster the northern
end at Owen Street where retreat of the adjacent unprotected section had resulted in the
outflanking of the rock work. This work resulted in an improvement to the rock armour with more
durable rock and a rougher rock surface to better resist wave attack (Goss, 2016).

After the 2014 works at Owen Street, further erosion of the beach and vegetation occurred for some
200 m north of the revetment, extending from the end existing rock wall at Owen Street. This was
subsequently addressed with the campground funding 70% of a 200 m extension of the revetment
along the campground frontage. The latest extension was setback from the original Village revetment
and provides a short wrap-around end at the base of the Pororari Spit (refer to Figure 1-2).

There have been several erosion events which have affected the beach and seaside infrastructure
since the previous assessments. The most notable being extra-Tropical-Cyclone Fehi (February 2018).
The destructive storm brought flooding, high winds, waves and storm surges, resulting in landslips

2The literature search was not exhaustive but was aimed at gathering an appreciation of past work, issues and recommendations.
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and coastal inundation of low-lying areas. The ex-cyclone severely damaged SH6 between Punakaiki
Village and Dolomite Point (Figure 1-1), destroying the former NZTA revetment which protected SH6
The road was close for 10 hours with debris-laden waves rushing across the road, and the route was
reduced to a single lane for 10 months while reinstatement works were undertaken.

Figure 1-1: The aftermath of damage to SH6 at Punakaiki during ex-Tropical Cyclone Fehi, February 2018.
[Credit: Sophie Allan].

A new revetment was constructed to protect SH6 at Punakaiki. Few design drawings were available
for review and those available were ‘pre-construction’ drawings. As-built drawings were not available
for inspection and we understand that the construction was modified from the design drawings due
to the contractor being unable to fully excavate down to the design toe level due to water/wave
ingress to the work site (pers. comm. P. Birchfield, WCRC Area Engineer).

1.2 Observations

The investigation included a site visit to Punakaiki/Pororari by Dr Michael Allis on the 5™ of March
2020 with on-site discussions with WCRC Area Engineer Paulette Birchfield. The foreshore was
inspected at multiple locations between the new revetment (Figure 1-2) and the mouth of the
Pororari River. The focus of the site inspection were the new revetment and any changes to the
beach at the Village revetment, and alongshore at the Campground.

Notes from the site visit are annotated on an aerial photograph in Figure 1-2.

The revetment design layout and typical cross sections are shown in Figure 1-3 and Figure 1-4, and
generally show a sweeping curve of a revetment along the shoreline south of Punakaiki Village
adjoining the revetment which fronts the Village. Balkam & McNoe (2019) also show hand sketches
following a design from the Rock Manual (CIRIA 2007) for situations with severe scour potential,
where armour stones are placed directly on the beach with no toe excavation but allow for a “falling
apron” where rocks are able to fall into any scour holes that occur at the toe of the revetment, thus
providing a “self-armouring toe” (Figure 1-5). Additional photos of the new revetment are given in
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Figure 1-6, Figure 1-7, and Figure 1-8. The implications of the design are discussed further in Chapter
2.

Note that the revetment design drawings use NZVD2016 as the vertical datum, whereas the beach
profiles use a local RL. To convert the local RL to NZVD2016 subtract 4.7 m. Mean sea level for each
of the datums is: MSL =-0.2 m NZVD2016 = 4.5 m local RL.
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Figure 1-2:  Punakaiki Village and coastal setting at the mouth of the Pororari River. [Credit: Google Earth, date: 8-Jan-2019].
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Figure 1-5:  Conceptual design of 'falling apron' revetment toe at Punakaiki.. [Source: Balkam & McNoe

(2019)].

Figure 1-6: Upgraded SH6 revetment south of Punakaiki. View southwest along original shoreline
illustrating new revetment at 1:3 (approx.) batter slope supporting SH6 road at left. [Credit: M. Allis (NIWA),
Date: 6-Mar-2020].
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Figure 1-7: Completed repair and upgrade to SH6 revetment. Viewing north towards Punakaiki Village
which is nestled on a narrow strip between the rock revetment and below a steep escarpment. Note small rock
rip-rap lining the stormwater and wave overwash swale in centre foreground. [Credit: M. Allis (NIWA), Date: 6-
Mar-2020].

Figure 1-8: Interface of SH6 revetment and Village revetment shown as change in rock colour. Note the
beach surface just visible at toe of SH6 revetment at low tide. [Credit: M. Allis (NIWA), Date: 6-Mar-2020].
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1.3  Beach profile surveys

Periodic surveying of 13 beach profiles® across the beach and revetment at Punakaiki Village and the
Pororari River shoreline are arranged by the WCRC. The latest is from March 2019, with the
monitoring now containing survey records from 1999-2019 (the latest in Coll 2019 and appended in
Appendix B). The location of survey profiles is mapped in Appendix B.

OCEL (2016) provided analysis of the survey data up to March 2016. Commenting that “the time
series of surveys show significant lowering of the beach in front of the Village, and the most recent
survey [March 2016] shows a further significant loss over the last year [to March 2016]. This loss has
removed the active sand beach face from in front of the rock wall except for a tapering section over
the northern 50 m to Owen Street. This ... has increased the exposure of both the rock seawall
structure to larger waves and over topping by removing any remaining active beach material from in
front of the wall to lower than the design toe level”.

Since OCEL’s 2016 review there have been 2 repeat surveys (Jan 2018, just before Fehi storm) and
March 2019. The recent surveys generally show the beach has not changed significantly from the
reviews of Hicks (2014) and OCEL (2016):

= At the southern end of Village revetment (Sections 1 and 2), adjoining the NZTA
revetments, the beach sand/gravel level against the revetment was at RL 3.8-3.9 m in
2018/2019, consistent with the 2014 and 2016 observations (Figure B-1).

= Inthe centre of the Village revetment (Sections 3, 8 and 4), before the revetment
begins to taper back inland at Webb Street (refer plan in Figure 1-2), the beach
sand/gravel level against the revetment was at RL 3.7-4.0 m in 2018/2019, grading
from lowest in the south to highest in the north. This level was lower in 2019 than
2018 — possibly a result of Fehi erosion - but are still consistent with 2014—-2016 levels
(Figure B-2).

=  The northern sections of the Village revetment (Sections 5, 6, 7 and 9, Figure B-3),
where the revetment angles back inland between Webb Street and Owen Street, and
along the campground frontage (refer to plan in Figure 1-2), the beach sand/gravel
level had built up from 6 m RL to 8 m RL over 2016-2018, but has since returned to the
6 m level in 2019. Figure 1-9 illustrates Section 7 and shows the result of the
revetment extension in front of the campground with the 2014-2016 erosion scarps
now covered by the revetment but the beach at a lower level. The campground’s
sewage treatment system, is now encircled by the end of the rock revetment (Figure
1-2).

=  The survey profiles across the Pororari River Spit (Sections 10-13), north of the Village
revetment, show considerable variability typical of a wave dominated spit-enclosed
tidal river mouth (Hume, 2016). Such fluctuations are naturally expected as the spit
responds to river flows and breakouts, wave overwashing and river/beach/cliff
sediment inputs. The survey sections only extend to 300 m along the 650 m long spit
and do not show the full evolution of the spit (Appendix B). However, Sections 11-13

3 Note the numbering of profiles is non-sequential with profile No.8 out of sequence; the numbering goes from south to north as 1-3, 8, 4-
7,9-13
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= indicate the width of the spit from the beach face to river channel has increased from
a minimal width of 100 m in 2011 to 150 m in 2019 (Figure 1-9). The width increase has
primarily been from wave overwashing which widens the spit by depositing sand into
the river channel (Figure 1-9). The height of the spit and position of the seaward face
are largely unchanged, but show considerably year-on-year variability.
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Figure 1-9: Beach profile measurements of Section 2 (top panel) near the southern end of the Village
revetment, Section 7 (centre panel) within the campground extension to the northern end of the Punakaiki
Village revetment, and Section 11 (bottom panel) across the Pororari River spit, 200 m north of the
campground. Refer to location map in Appendix B [Credit: Coll (2019)].
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Overall, the 2018 and 2019 surveys show a slowing of the previously identified trends of beach
lowering and material loss in front of the Punakaiki Village revetment.

Unfortunately, the latest survey (March 2019) does not capture the Fehi storm damage (being 13
months after the event) or the beach’s response to SH6 revetment construction (being only 2-3
months after revetment completion).

The beach level in front of Punakaiki Village is approximately 3—3.5 m lower in the south than in the
north. These beach levels along the south end have been falling since well before the revetments
were built, with the drop from 1999-2019 being approximately 3—4 m at Section 2 (see Figure 1-9),
and beach access to Dolomite Point used to be possible at low tide. This volume of beach material
which has eroded from in front of the Village revetment has been swept north alongshore by the
prevailing wave action but has not accumulated as dunes in front of the campground, rather it
appears to have bolstered the sediment supply to the river spit which is up to 50% wider in 2019
compared to 2011 (Section 11, Figure 1-9). Although spit width is also controlled by river floods and
river sediment transport with the Pororari River outlet occasionally breaking out through the spit or
swinging south past the campground.

The beach profile surveys only continue to the southern extent of the Punakaiki Village revetment
where it meets the SH6 seawall, but with no coverage over the new SH6 revetment. It would be
prudent to extend the surveying programme further south to cover the new SH6 revetment and
provide more comprehensive coverage of the Punakaiki embayment beach processes.
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2 Effect of SH6 coastal protection works

2.1 The upgraded SH6 revetment and its effect on Punakaiki Village
revetment

These observations are made from a visual walkover inspection, discussion with WCRC staff and
review of the available drawings about the upgraded SH6 revetment.

The key aspects of revetment design are material (type and size), alignment with shoreline, vertical
geometry (crest, slope, toe) and are described based on guidance from CIRIA (2007).

=  Material. The primary armour rocks are two layers thick with rock sizes in the 0.9-
1.4 m nominal diameter range (desigh Ds;=1.2 m, WSP Opus 2018). The armour has
been well placed with good interlocking and limited scope for armour stone movement
under wave action. The granitic material (Igneous Tuhua Granites) from the
Inchbonnie and Turiwhate Quarries appears to be of high quality and has been used
elsewhere on the West Coast with good longevity and durability (pers. comm. P.
Birchfield WCRC). The same material has been used for the smaller rocks which line
the stormwater and overwash drainage channels (e.g., Figure 1-7). 1 m thick
underlayers (Dsp=0.5 m) and geotextile (Texcel 1200R) are specified in the drawings but
could not be observed on site. Existing rocks larger than 1.2 m were to be left in situ
with the revetment to wrap around the large rocks.

“Rough” rock/slab
shoreline

“Smooth” revetment
shoreline

Terminus rock
400 m 400 m

Figure 2-1:  Change in alignment of southern end of SH6 revetment, left 17-Aug-2013 right 1-Jan-2019.
Note SH6 revetment under construction at time of aerial photograph but intended alignment clearly visible and
confirmed during site visit. Arrow indicates rock slab at terminus of upgraded revetment [Credit: Google Earth].

=  Alignment: the upgraded revetment mostly follows the natural curvature of the pre-
existing shoreline orientation and overall alignment between Dolomite Point and the
Punakaiki Village beachfront/revetment (Figure 1-7). However, the southern extent
encroached approximately 40 m seaward from the previous shoreline to provide for a
1:3 batter slope to support SH6 (see design in Figure 1-3). The encroachment has:
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— rotated the angle of the southern shoreline by approximately 15° (from 242° to
257° N, see Figure 2-1)

— placed the revetment toe in deeper water and exposed to larger waves with more
scour potential

— changed the form of the shoreline from very-large unevenly-spaced rock
blocks/slabs (collapsed from Dolomite Point headland) to a uniformly shaped
revetment with “smooth” shoreline (relative to previous shoreline form) resulting
more coherent wave reflections (Figure 2-1, Figure 2-2).

Together, these changes in alignment, toe position and shoreline form change how the
waves interact with the shoreline, resulting greater wave reflectivity away from this
shoreline and the waves redirected alongshore and into, or along the face of, the
Village revetment, changing the sediment transport behaviour.

=  End effects: The southern end of the new revetment is tied into a large rock slab which
has collapsed from Dolomite Point which forms an immovable terminus for the
revetment (see arrow, Figure 2-1 left). The northern end of the upgraded revetment is
tied into the Village Revetment with a smooth transition of the slope, crest and toe
position (see Figure 1-7). No adverse end effects are anticipated from these two tie-
ins.

Vertical geometry: The slope of the SH6 revetment is 1(H):3(V) with the crestat 7 m
NZVD2016% and a toe berm at 3.15 m NZVD2016 (Figure 1-4). This slope is appropriate
for the setting with the low slope a major factor in reducing the wave runup and
overtopping discharges, and has less potential for the armour layer to be damaged
under storm wave conditions.

The revetment body and 4.8 m wide crest (4 rocks wide) form a wide and gently sloped
apron which provides for a run-out area for storm-waves, and large sumps/culverts are
provided behind the revetment crest to drain away overtopping flows. The width of
the structure also provides opportunity to upgrade the revetment (higher crest,
steeper slope or larger rock) should the need arise into the future. And the drawings
also show that consideration was given to raising the crest of the structure to
accommodate sea-level rise by way of 1 m elevation increase (Figure 1-4).

At the time of inspection, the “falling apron toe” is yet to “fall” into its design
configuration and still has a slope of approximately 1:1 or steeper (Figure 2-2). This
steep slope at mean sea level will continue to cause higher wave reflections (as
observed, see Figure 2-2) until the “falling apron” readjusts to a lower slope by way of
undermining scour and “falling” during a large storm. The underlayer at the toe was to
be constructed on the beach level at low tide and wrapped in geotextile (Figure 1-4),
with armour stones placed on top.

4RL=NZVD 2016 (WSP Opus 2018) with mean sea level (MSL) reported as -0.2 m RL.
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Figure 2-2: Toe detail of SH6 revetment with indicative cross-shore profile (dotted line). Note also wave
reflections at right angles to the incident waves (indicated by two arrows) with reflected wave moving from left
to right across image. [Credit: M. Allis (NIWA), Date: 6-Mar-2020]

Overall, the SH6 revetment appears well designed and constructed with generally appropriate rock
material, vertical geometry, tie-in to the adjacent Village revetment with future provision for
upgrades to respond to rising sea levels. At present, there is little evidence to suggest that the
upgraded SH6 rock revetment has already had significant detrimental effects on beach processes or
the Village revetment since construction. Further clarity on emerging effects requires another round
of beach surveying.

The key concerning unknown is the degree of effect from the changed shoreline alighment and wave
behaviour (i.e., reflections from the SH6 revetment), and how this increases the alongshore
component of sediment transport in front of Punakaiki Village. Given the pre-existing regional trend
of sediment supply reduction with localised beach lowering and beach retreat (e.g., Hicks, 2014), any
increases would promote further losses of beach material and lowering of the sand level and would
lead to accelerated undermining of the toe of the Punakaiki Village revetment (particularly the
southern sections). Some additional sediment transport is expected, but the magnitude of this effect
is unclear at this stage and requires further monitoring.

A critical point for the longevity of the revetment is when beach levels fall sufficiently low that the
revetment toe is undermined during storms. We understand the Village revetment design placed the
toe rock top at RL 4.50 m (or -0.2 m NZVD2016) (pers. comm. Paulette Birchfield, WCRC). The latest
surveys of Sections 1-4 and Section 8 show the beach level was at ~3.81t03.9 mRL(-0.8t0-0.9 m
NZVD2016) at a point near the front of the wall toe (Figure 1-9) — which is about the level of the base
of the toe rock. Thus, this southern end of the Punakaiki Village revetment already appears at risk of
undermining, and, if the SH6 revetment does result in additional scour, may require more frequent
and substantive maintenance and upgrades.
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A wave overtopping assessment based on probabilistic wave conditions would be beneficial to
understand how future coastal hazards will affect the revetments (both SH6 and Village revetments)
as sea-level rises and the beach level continues to fall. This should include both the as-constructed
geometry and the long-term “fallen-apron” geometry, assessment of drainage capacity for the
overwashing swales and potential failure scenarios. This output would be also beneficial to the long-
term planning of the Punakaiki Village site.

It is recommended that the beach monitoring programme continue and, if NZTA does not have a
post-construction monitoring plan in place, the surveying be extended by 4-5 additional profiles
which traverse the new revetment to the southern interface with Dolomite Point. The key survey
measurements will be the elevation of the seaward fringe of the “falling apron”, and if possible, the
sand/rock interface below the revetment toe. These surveys will need to be timed for spring low
tides to enable beach access.

2.2  Effect on surf break

Review of surfing websites generally indicate that the southern end of Punakaiki Beach (i.e., adjacent
the Dolomite Point rocks) produces a nice surfable wave with a good left-hand point break with long
punchy rides® into a sandbank-controlled inshore section, plus a beach break which often has several
peaks to choose from®. The surfing is usually best on the left-hander off the rocks at low tide, with
the wave “a bit fat, but punchy and fun” 7. At high tide the wave reflections are known to “bounce
back” from the shore® and interfere or enhance the surfing.

Overall, the best surfing is generally concentrated at the southern end of Punakaiki Beach, and relies
on moderately sized waves to allow surfing on a lefthand break from offshore of Dolomite Point
rocks with surfers riding inshore towards the Village and beach. The primary surf corridor (where the
waves peel best and surfers ride most) is approximately 50-100 m offshore from the shoreface
alongside the Dolomite Point rocks and the SH6 NZTA revetment (see Figure 2-3, and annotated in
Figure 1-2).

5 https://barakuba.com/trips/2018/12/16/west-coast-surf-trip/
6 https://new-zealand.costasur.com/en/surfing-punakaiki.html
7 http://surfseeker.nz/surf breaks/west-coast/punakaiki-beach
8 http://surfseeker.nz/surf _breaks/west-coast/punakaiki-beach
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Figure 2-3:  Surfers at Punakaiki beach. These photographs are after construction of the NZTA revetment
began (visible in foreground). Photograph date: 16-Dec-2018 [Credit:
https://barakuba.com/trips/2018/12/16/west-coast-surf-trip/].

There have been substantial changes to the near seabed elevation and beach morphology, and
presumably the surfing amenity, over the last few decades as the beaches respond to the regional
dwindling of sediment supply to the coast. This is expected to have caused slow disappearance of a
sandy bottomed point break, where the reducing sand level exposes more of the nearshore rocks so
the waves surge against the shoreline (less surfable) rather peeling off the rock and adjacent
sandbank (more surfable). This is a longer-term change and is independent of any changes to the
Punakaiki shoreline from revetment construction and upgrade.

Advice for coastal management at Punakaiki and Pororari 23


https://barakuba.com/trips/2018/12/16/west-coast-surf-trip/

The effect of the SH6 revetment foreshore encroachment, over and above the regional sediment
supply change, will be most apparent in changes to the sandbanks and how wave reflections interact
with the incident wave crests. The surf corridor and sand banks should remain largely unchanged
because they are 50-100 m offshore and have some buffer distance from the largest changes to the
sand level and shoreline form. Minor changes to the surfability and ride quality may result from the
wave reflections “bouncing” back into the surf zone.

Any changes to the sandbanks and surfing are expected to be similar to the naturally variability
typical of sandy-bottomed surfing locations, as the sand bars shift orientation, position, size in
response to wave, current and sediment supply, with flow-on changes to the surfing.

Obtaining anecdotal observations from local and regular Punakaiki surfers may be worthwhile to
establish if the effect of the SH6 revetment is noticeable to users.
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3 Future coastal planning

3.1 Situation assessment

My field observations and review of survey information support the views of others (e.g., Hicks 2014,
Goss 2016) that the Punakaiki shoreline, is, like many West Coast beaches, experiencing a long-term
erosion trend. The most likely cause is a relative deficit of sand and gravel delivered to the coast from
rivers, but it is also affected by the revetments lowering the beach level. This is expected to continue,
and accelerate, in the foreseeable future as sea-level rises.

The likely outcome of rising sea levels is that the Village revetment will become progressively further
seaward from the natural alignment of the beach. Indeed, the natural shoreline would now be well
into the Village had it not been for the structural intervention provided by the revetment. Sand levels
will continue to progressively drop at the revetment toe, heightening the risk to the structure from
undermining at the toe, and further reducing the beach amenity.

The Village revetment currently provides an adequate level of protection for Punakaiki Village, with
damage or hazardous wave overtopping not experienced during the Fehi storm even though the
adjacent NZTA revetment was destroyed (Figure 1-1). Annual maintenance needs are mostly around
topping up the crest and patching holes in the revetment face (pers. comm. WCRC P. Birchfield). Over
a longer-time frame, there will be an increasing cost of maintenance to maintain the same level of
protection as sea-levels rise, beach levels drop and wave overtopping frequency increases.
Eventually, the cost to maintain or upgrade the revetment is likely to become too expensive for the
community to fund.

Low-lying areas of Punakaiki Village away from the beachfront but close to the river are also likely to
experienced higher groundwater levels and increased riverine flooding as a result of higher sea
levels. This would manifest as direct inundation of low-lying coastal margins fringing the river,
backed-up stormwater systems and reduced drainage of septic tanks systems.

The long-term prognosis is that that both the coastal fringe and the low-lying land in and around
Punakaiki Village will become increasingly exposed to coastal hazards with more frequent wave
overtopping, coastal erosion and inundation events. Ultimately the whole Village may need to
relocate away from the present site.

The long-term issues of the current Village site have been acknowledged in the Punakaiki Master
Plan (Stantec, 2018), prepared for BDC. This master plan broadly includes the concepts and
aspirational plans for the future provision for coastal erosion via implementation of managed retreat
away from the present Village site. Stantec (2018) also suggest that following residential retreat of
low-lying areas, the community could consider temporary, relocatable visitor accommodation as an
interim use until the land is eventually inundated or restored to a naturalised beach area.

Whether these aspirational plans reflect the community’s desires is unclear, and it is recommended
that the community are further engaged in discussions that enable them to understand, manage and
adapt to future coastal threats.
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3.2 Managing and adapting to coastal hazards

Managing and adapting to the rising threats at Punakaiki will need to be an ongoing community-
focussed process, and should include discussions on acceptable levels of risk, likely degree of hazard
exposure, and consideration of community values and aspirations that contribute to a sense of place.

The Ministry for the Environment (MfE) guidance manual on Coastal Hazards and Climate Change
(MfE, 2017) recommends the use of a 10-step decision cycle, grouped around five key questions
(Figure 3-1).

pr{[ IS HAPPENFMG,

COMMUNITY
ENGAGEMENT

DRIVERS
OF CHANGE

e r

Figure 3-1: The 10-step MfE (2017) decision making cycle. [Credit: MfE (2017)].
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Punakaiki Village has already been through decision making cycle. This was the decision to construct
the Village revetment, after deciding that the community valued its current setting and that they
were prepared to fund a coastal protection programme, and then, after monitoring and reviewing
(Step 9), extend the revetment to protect the campground as well. However, this previous cycle
focussed on the desire to protect the Village from the relatively recent coastal retreat phase with a
short-term timeframe.

The following sections comment on Punakaiki and the future decision cycle that will be required as
sea levels rise over the coming century and beyond, with the process intended to support discussion
with community and stakeholders.

Question 1: What is happening?

At Punakaiki, the community are already familiar with the coastal retreat that is happening and have
addressed and funded the coastal protection works. The community can draw on a number of recent
coastal hazard studies which have addressed the probable causes of the recent coastal retreat,
considered the revetment design and effects, and highlight future pressures and hazards anticipated
for the Village with climate change and sea level rise.

What is important to recognise is that the coastal retreat is expected to continue, and accelerate, as
sea-level rises for centuries to come. This means that there will be an increasing cost of maintaining
and upgrading the coastal revetment just to maintain the same level of protection into the future.
Or, if the revetment is not sufficiently maintained and upgraded, there will be more frequent wave
overtopping events and these will be of increased severity, with heightened risk and consequences
for the community. If this continues without appropriate planning and forethought, community
assets may be lost during storm events, or areas of the Village become uninsurable and
uninhabitable, leading to unmanaged retreat of the community from the site.

Further quantitative assessments about the rising threats of coastal hazard and SLR assessments,
may be needed to inform community decision making. This would ideally include a probabilistic
assessment of wave overtopping hazard (frequency and severity) using multiple scenarios of sea-
level rise, sensitivity to changes in waves and storm surges, and options for maintaining and
upgrading the revetment. The outputs of any future work should be combined other hazards (such as
river flooding), with LiDAR elevations and GIS maps of existing assets (sewerage, power, road etc.,) to
identify the areas of Punakaiki most at risk, and establish how these areas will change as sea-levels
rise.

Question 2: What matters most?

The community and councils should engage and discuss what matters most to the Punakaiki Village
community. This may include what values and expectations the community and councils have for
Punakaiki Village now and in the long term, discuss requirements for a level of service in this area,
discuss acceptable risks, discuss financial contributions, and discuss foreseeable needs for future
generations

Questions to consider (MfE, 2017) when framing community engagement include:

=  What values and things of value are likely to be affected by coastal hazards and SLR?
(i.e., beyond physical assets, such as beach amenity, community atmosphere, surfing).

=  Who owns the property, assets, utilities or interests in potentially at-risk areas?

Advice for coastal management at Punakaiki and Pororari 27



=  Where are they and who are they valuable to?
=  How can future generation’s interests be considered?

=  Whois representing valued ecosystems and how can ecosystems or species values be
considered (e.g., salt marsh, dotterel habitat, seal haulout)?

=  Who s currently affected or could be potentially affected?
=  Who could be affected by adaptation decisions?
=  To what degree will groups in the community be affected?

Understanding the community’s values and objectives will help gauge the feasibility of adaptive plans
for the community, and be guided by vulnerability and risk assessments (as part of Question 3).

Question 3: What can we do about it?

Adaptation options to respond to the future coastal retreat and sea-level rise coast can be described
under the following groupings, with the preliminary options at Punakaiki in Table 3-1.

Table 3-1:  Typical adaptation strategies and Punakaiki specific examples.

Adaptation strategy and meaning

Punakaiki specific options or
examples

Comments and issues

Accommodate: adjust existing
assets by using measures that
anticipate hazard risk, such as
raising floor levels, providing
alternative inundation flow paths,
or requiring relocatable houses.

- Maintain and upgrade wave
overtopping drains.

- Require any new buildings to be
relocatable or with floors that can
be raised.

- Accept more frequent wave
overtopping.

Typically only short-term
improvements or tweaks to the
existing situation.

Does not address the long-term
rising threat and creates false
perception of safety.

Protect: hold the line using
natural buffers, like dunes, or
hard structures, like seawalls.

- Upgrading and maintain the
coastal revetment.

- Create and maintain river-side
stop-bank protection.

Already committed to revetment
maintenance and medium-term
upgrades®, but there is an
economic limit to how many
times it may be upgraded or
rebuilt with an undermining toe
and rising sea levels. Continued
revetment maintenance,
expansion and raising of crest will
reduce beach/community
amenity and swimming safety.

Cannot effectively raise the land
enclosed by protective structures.
Coastal/low-lying properties may
become uninsurable due to
groundwater inundation or
residual risk.

9 We understand funding has already been set aside in the LTP in the medium term ($5M year 4-10), $12M year 11-30), plus $100k
operational expenditure in some years (Stantec, 2018).
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Adaptation strategy and meaning

Punakaiki specific options or
examples

Comments and issues

Retreat: move existing people and
assets away from the coast in a
managed way over time, or in
response to erosion and
inundation damage after climate-
related events.

- Relocate the most at-risk houses
within the Village bounds and
onto the rear-most sections of the
campground.

Options to manage this may
include a staged approach
whereby the outermost houses
are relocated to safer locations
first.

- Relocating the Village to another
nearby and suitable (i.e., resilient
and safe) location.

Ultimately the whole Village may
need to relocate away from the
present site.

Community opposition to retreat.

Small rating district to pay for
changes.

Conflicting priorities and equity
within community.

Limited area available for
relocation within current Village
site, and future risks to whole site
anyway.

Where is a suitable site to
relocate the Village to?

What is appropriate future use of
the abandoned Village area?
Temporary visitor
accommodation (with no
permanent assets), naturalised
beach/wetland environment or
otherwise.

Avoidance strategies: stop
putting people and assets in
harm’s way, primarily using land-
use planning measures.

Prevent further development in
Punakaiki Village (unless assets
readily relocatable).

Acknowledge that further
permanent assets will be likely be
impacted by coastal hazards
during the asset lifetime (i.e., 50-
100 years, depending on asset

type).

Included within council plans.

Need to ensure any future Village
sites are safe.

In practice, there will likely be a combination or sequence of these types of measures as coastal areas
are increasingly affected.

Question 4: How can we implement the strategy?

MfE(2017) introduces the concept of adaptation pathways. An adaptation pathway is a process of
managing changing levels of risk, including minimising or reducing risk where possible, and managing
any residual risk. It involves a process for achieving change over time to enable people and
communities to adjust to changing conditions and to minimise or reduce the risk to themselves and
to property from the effects of natural coastal hazards. In essence, an adaptation pathway is a
journey which involves many steps towards a place where coastal communities are resilient, i.e., to a
place where communities have the capacity to adapt to climate change impacts.

When considering planning for an adaptation pathway at Punakaiki, note that the New Zealand
Coastal Policy Statement (NZCPS 2010) recommends promoting and identifying long-term
sustainable risk reduction approaches over the period of 100-years or longer.
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Questions to address at this stage include:

=  What are the first impacts that will be faced as a result of climate change? - e.g., more
frequent wave overtopping and inundation of low-lying areas.

=  Under what conditions will current strategies be ineffective? - e.g., when will
upgrading the Punakaiki revetment no longer be affordable?

=  What are the alternative options? — e.g., other protection form, relocate within
footprint, retreat from Village site.

=  How robust are the options over a range of future climate scenarios?

= Can the path be changed in the future with minimum disruption and cost? (i.e.,
changing from revetment to retreat?

Question 5: How is it working?

Regular monitoring contributes to an understanding of changing risks over time, and helps with
timely responses to anticipated future levels of risk.

At Punakaiki, councils and communities are already engaged in monitoring physical changes at the
beach and revetment. But because climate change effects will increasingly impact on coastal areas
and communities, these monitoring systems will need to be bolstered and re-targeted towards
signals and triggers (decision points) about when a pathway may no longer work. Such a trigger could
be, for example, the number of damaging or disruptive wave overtopping events over a given time
period that is tolerable and acceptable to the community.

Other self-reflection steps would also include periodically reviewing agreed community values and
objectives, the ability of the community to pay for maintenance and upgrades, and whether the
current option is still working to the level required and as intended.
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Appendix A Brief history of seawall and previous work to 2014
(excerpt from Hicks 2014)

Ramsay (2007) advised on the effects of the rock seawall built in 2005, the appropriateness
of its design, and the effects of any future extension. He concluded:

e There was little evidence that the wall was having any significant detrimental impact
on beach processes or was causing any significant end effects and exacerbating
dune erosion at its northern end.

e There was potential for more significant impacts if the structure was extended further
north but there appeared to be no pressing need to do that.

e The structure had been well designed and built.
e |t should be monitored with profiles and photographs at least annually.

Ramsay’s assessment of effects included observations that the toe of the structure (i.e.,
where rock intersected sand, not the toe of the buried rock wall) was generally above the
inter-tidal zone, there was limited wave reflection off the structure, and no sign of
exacerbated beach lowering adjacent to the structure.
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Beach surveys
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Beach profile survey measurements at the south of the Punakaiki Village revetment.Survey

Sections 1 and 2. Refer to location map in Appendix B [Credit: Coll (2019)].
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Figure B-2: Beach profile survey measurements in the centre of the Punakaiki Village revetment.Survey
Sections numbered 3, 8 and 4 from south to north. Refer to location map in Appendix B [Credit: Coll (2019)].
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Figure B-3:  Beach profile survey measurements at northern end of the Punakaiki Village revetment.Survey
Sections 5, 6, 7 and 9. Refer to location map in Appendix B [Credit: Coll (2019)].
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Figure B-4: Beach profile measurements across the Pororari River Spit, north of the Village
revetment.Survey Sections 10-13. Refer to location map in Appendix B. Note different scales [Credit: Coll
(2019)].
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