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EXECUTIVE SUMMARY
The south Paraparaumu-north Raumati coast has a history of tenuous stability
characterised by landward-seaward shoreline fluctuations of approximately 20 m and at
time-scales of 10 to 30 years. The most recent seaward excursion of the shoreline
occurred during the mid 1980s. The subsequent erosive phase was managed by artificial
sand replenishment between 1994 and 2004, a 240 m long restoration of the foredune in
August 2005, a rock revetment, hereafter referred to as the Marine Parade Revetment,
constructed along the front of this foredune between February 2006 and November 2007,
and thereafter occasional sand replenishment immediately south of this structure.
Following a series of severe storms in the winter of 2008, Coastal Systems Ltd were
commissioned in March 2009 to update an earlier environmental impact assessment of
the Marine Parade Revetment. In addition, the Terms of Reference were expanded to
describe both shorter and longer-term erosion management options. Because of the
considerable interest surrounding the environmental effects of this structure, the draft
report was independently peer reviewed between November 2009 and February 2010,
and comment sought from stakeholder’s (Wellington Regional Council, Kapiti Coast
District Council, and the “Association of Raumati Residents Affected by the Revetment”)
between April and June 2010 (Appendices D-G).
It is well recognized in coastal science and coastal engineering that shore-parallel
protection structures such as sea walls and rock revetments interact with natural wave,
current and sediment transport processes and can impact upon the adjacent coastal
environment. To assess the Marine Parade Revetment’s potential environmental impact,
this report considered the general evidence (theoretical, laboratory and from various field
sites), and then considers the local setting and analyses local data. The findings are
summarized in Table 1A.
There are also a variety of mechanisms by which shorelines erode naturally, and
separating out erosion caused by the structure itself from that which would have occurred
regardless of the presence of a structure, is not straightforward. While the present
assessment identifies and compensates for natural background erosion associated with
post-construction storm events, several possible non-revetment associated influences,
including the persistence of an underlying sediment deficit, are summarized in Table 1B.
Based on the available evidence, it is concluded that the Marine Parade Revetment has a
limited erosive effect along the coast to its north and may have contributed to beach
lowering in front of the structure. However, the most significant erosive effect is along
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the southern coast where the revetment could have a significant influence along the
adjacent 100 m of shoreline and a diminishing effect to about 150 m.
The report recommendations are as follows:
1) That sand replenishment be carried out along a 150 m zone immediately south of
the Marine Parade Revetment in accord with sand placement, dune management
and trigger conditions detailed in (yet to be finalized) Erosion Management
Guidelines;
2) That alternative terrestrial and marine sources of replenishment sand be
investigated;
3) That reinstatement of the foredune beyond the replenishment zone be encouraged
as a council-community initiative;
4) That large-scale, long-term sediment dynamics modelling (using available
historical data) be completed. This study is designed to assist in predicting future
shoreline behaviour for use in erosion management investigations;
5) That investigations into the alternative erosion management approaches described
in the report be undertaken; these include modification of the Marine Parade
Revetment, updating erosion hazard assessment for North Raumati and
implementation of erosion hazard zones within the District Plan. These
investigations should also consider future impacts of varying sediment supply and
climate change.
6) That the stipulated monitoring required for the replenishment programme, the
sediment dynamics modelling, and the investigation into alternative erosion
management approaches, be undertaken.
7) That application be made for relevant resource consents.
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1. INTRODUCTION
In June 2008, Coastal Systems Ltd (CSL) completed a preliminary erosion impact
assessment report for Marine Parade Revetment (CSL, 2008a). The revetment was
constructed between February 2006 and October 2007 by the Kapiti Coast District
Council (KCDC) to protect a restored foredune and fronting Marine Parade (see Figure 1)
and ultimately to protect the roadway itself (Appendix A). A primary objective of the
2008 study had been to determine whether recent erosion along Wharemauku Road
properties was related to the revetment, as had been claimed by local residents. Note that
the boundary between south Paraparaumu Beach and north Raumati Beach is here
defined as the intersection of Marine Parade and Wharemauuku Road.

To define shorter-term erosion, the preliminary investigation analysed beach profile and
shoreline data which had been collected by Cuttriss Consultants Ltd. between June 2000
and December 2007. To define background (medium to longer-term) behaviour, shoreline
data derived from vertical aerial photographs (1942 to 2007) were analysed. That study
concluded (page 28) that immediately north of the Marine Parade Revetment (MPR)
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erosion appeared to be predominantly caused by natural storm erosion while the adjacent
southern shoreline was likely being affected by the revetment for about 100 m. However,
several compounding erosive processes appeared to be operating in this area and a more
comprehensive investigation would be required to reach a definitive conclusion.
In March 2009, CSL were commissioned to update the initial erosion impact assessment
using shoreline data collected following the severe winter storms of 2008. Following
preparation of a first draft and a presentation with senior staff in August, 2009, the Terms
of Reference were clarified and expanded to include the following:
(i) the possible or potential1 erosive effect that the Marine Parade Revetment has on the
adjacent coast be established using all available information;
(ii) a detailed sand replenishment programme be formulated for that area considered to be
potentially affected by the structure;
(iii) a large-scale, long-term sediment dynamics study be undertaken, this being to assist
with prediction of shoreline fluctuations and future coastal management planning;
(iv) other erosion management matters and options be considered, and
(v) an associated monitoring/data acquisition programme be outlined.
Because of the considerable interest surrounding the environmental effects of the MPR,
the views of several experts and stakeholders were sought and addressed. In particular, an
independent review was commissioned of the 2nd draft report by EcoNomos Ltd in
November 2009. The revised report (final draft) was then provided to stake-holders for
comment; in particular, the Association of Raumati Residents Affected by the Revetment
(hereafter referred to as the Residents Association), Wellington Regional Council
officers, and KCDC officers.The reviewer and stakeholder comments are included in the
report as Appendices D-G, with Coastal Systems Ltd’s responses included after each
point.
1. The rationale for adopting this approach is that authorities and residents are concerned about
the environmental impacts a relatively new structure could have in the future. The need to
address potential impact is necessary as when applying for future coastal management permits
(e.g. for new coastal management initiatives including modification of existing structures), the
Assessment of Environmental Effects (AEE) required to accompany such applications must be
based on more extreme conditions. In particular, incorporating the threat from 100+ yr return
period events, exposure for 100+ yrs, and precautionary-based uncertainty assessments including
high (95%) component confidence levels where component data is available, or else the
assignment of order of magnitude margins of error.
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This final report begins with a background section (2) covering recent Marine Parade
beach management, general beach processes and shore protection structures, and how
they relate to the Kapiti Coast. Section 3 updates erosion in the Marine Parade Revetment
area and then draws conclusions as to the structure’s likely effect on the adjacent coast.
To assist the reader, relevant material from the preliminary report (CSL, 2008a) have
been incorporated. Section 4 outlines a management programme that addresses direct
mitigation (sand replenishment) for the area affected by revetment, together with other
broader management issues listed in the terms of reference. Recommendations are made
in Section 5.
Finally it is noted that CSL was not involved in any way with the planning, design or
implementation of either the 2005 Marine Parade dune restoration or the subsequent rock
revetment. Our involvement with this issue only began in March 2008 when
commissioned to carry out the preliminary assessment of post-construction environmental
effects. However, we have been working on Kapiti Coast since early 2005 when we
began the district-wide coastal erosion and inundation hazard reassessments.
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2.

BACKGROUND

2.1 Marine Parade Beach Management
The south Paraparaumu-North Raumati section of the coast experienced shoreline
instability during the early 1990s and this lead to a nourishment trial being undertaken in
November 1994. In particular, 6,000 m3 of sand was scraped off the beach in the vicinity
of the foreland and placed along the upper beach-backshore from Tahi Road to about 50
m south of the Marine Parade-Wharemauku Road intersection, a distance of some 200 m
(see Figures 2A and 2B). Over the following few years, replenishment was carried out
using sand cleared from beach drainage outlets, with this sand being placed in the
backshore directly against the unstable foredune.
This abundant supply of bare sand was easily blown inland, burying or desiccating
vegetation on the existing dune and then drifting onto Marine Parade (see Figure 2C).
Profile analysis (Lumsden, 1996) also indicates nourishment sand was transported
alongshore, presumably under wave and current action. In addition, waves cut laterally
extensive escarpments into the replenished area; this effect is evident in the 2003
(oblique) aerial photos in Figures 2C and 2D, and also in the 2001 (vertical) aerial photos
(not shown).
The photos in Figure 2C and D indicate the greatest scarp height at that time was between
Rua Street and the Marine Parade/Wharemauku Rd intersection, with the shoreline to the
south (and north) becoming increasingly stable. Figure 2D suggests that while the
shoreline may have been unstable at the Marine Parade/Wharemauku Rd accessway, it
was relatively stable some 50 m south of the yet to be constructed revetment (henceforth
referred to as the Marine Parade Revetment or MPR). Figure2E shows an early 2005
photo which also suggests relative stability of the natural backshore beyond 50 m south
of the (yet to be constructed) MPR.
In February 2005, the Kapiti Coast District Council (KCDC) undertook a dune
restoration2 project (details in Appendix A). Briefly, 440 m of dune was reformed into a
15 to 20 m wide contoured embankment with a slope of 15 degrees (Figure 3) and
planted with native sand-binding vegetation within a fenced and irrigated enclosure. One
thousand cubic metres of supplementary sand was imported. The top of the embankment
was 6 to 8 m seaward of the road kerb, and the toe was located some 10 to 15 m in front
of the 2001 aerial photo-based shoreline.
2. In coastal management, the term “dune restoration” refers to artificially reshaping and
revegetating an existing (unstable) foredune into one that is more resistant to wind erosion.
However, dune morphology typically changes over time, so such restoration may well need to be
repeated in the future.
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Unless shoreline behaviour is known and unlikely to undergo systematic erosion, the toe
of a remodeled dune should not be located seaward of the existing shoreline as it may
become the focus of excessive wind and wave erosion. This was the case at Marine
Parade (Figure 4), and over the following months four episodes of toe erosion occurred
with up to 4000 m3 of replenishment sand being imported. It is also suggested in Figure 4
that while the toe of the remodelled dune was eroded, the dune toe on the adjacent beach
remained relatively unaffected.
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Figure 3 Typical cross-section depicting shorelines, features and dimensions. Sources: Cuttriss, KCDC, CSL

During the fourth erosive episode in early 2006, the dune came under sustained wave
attack and after 3 days KCDC staff considered the road behind the southernmost section
of restored dune was under threat so had ~350 tonnes of rock placed against 180 m of
erosion scarp (Appendix A). It appears from a post-storm cross-section surveyed by
Cuttriss Consultants that 6 to7 m of toe erosion occurred. The emergency response report
by Lumsden, (1995), suggested the trigger point for invoking the emergency rock
protection be a minimum of 5 m from the edge of the roadway. Since that time,
increasing council assets along the seaward side of the roadway outdate this trigger
condition and a revision would have been appropriate. An inspection of the configuration
in Figure 3, indicates that the staff response was probably over precautionary, although
understandable during the height of an erosive storm, and consultation with a specialist in
the lead-up, or during, such events would have been appropriate.
In February 2006, the emergency rockwork was modified to create an approximately 200
m long low-slope revetment extending seaward to the line of the original restored dune
(Figure 3). However, the re-modelling was likely to result in a shoreline response as the
toe of the restored dune had been consistently eroding (noted above). Residents
Association spokesperson, Mr Roger Daniell, claims that storm erosion occurred along
the adjacent southern backshore following construction of the revetment, whereas this
region was relatively stable during the period with the restored dune.
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A.

B.

Photo KCDC archive

Figure 5 Dune instability resulting from the 14 October, 2007 storm. A shows the bank
south of the revetment which is evident in the background. B shows the erosion at the
northern end of the 2005 restored dune with the Rua Street outfall in the distance. This
particular episode of erosion lead to subsequent rock protection of the restored dune toe
between Toru Street and Rua Road.

In October, 2007 the revetment was extended north to front the remaining 240 m of
restored dune (between Toru St and Rua Rd). This action followed extreme storm
damage during the weekend of 13-14 October (as indicated in Figure 5B), when
approximately four linear metres (landward from the dune toe) of dune was lost and a
severe weather-swell warning had been issued (CSL, 2008a, Appendix B).
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2.2 General beach processes and the Kapiti Coast
Beaches act as buffers which dissipate incoming wave energy via the movement of sand
and water. Storm erosion typically removes sediment from the upper beach and this can
be a very rapid process, often occurring during a single storm event (hours or days). By
contrast, subsequent onshore sediment transport and accretion (beach recovery) is a much
slower process, taking months and even years to replace what was lost so quickly from
the upper beach. Sometimes short-term fluctuations are misinterpreted as severe erosion
problems, whereas recovery may occur given sufficient time. Of more concern are
medium (say 10 to 30 yrs) fluctuations or long-term (say 30+ yrs) trends in shoreline
behaviour, and any coastal erosion assessment and management response should
incorporate such processes. It is because of these multi-scale changes that advice from a
coastal specialist should be sought when dealing with coastal erosion.
The Kapiti Coast is dominated by the protruding foreland opposite Kapiti Island. Medium
and longer-term shoreline behavour, based on data derived from vertical aerial
photographs sampled in 1942, 1952, 1956, 1965, 1973, 1980, 1985, 1992, 1998, 2001 and
2007, have been described in detail in CSL (2008b) and the results summarized here in
Figure 6. Briefly, beaches north of Waikanae, and also at the foreland apex are
prograding. North Paraparaumu, between the apex and the Waikanae River, has been
relatively stable since the 1960, although an earlier accretionary stage is evident. South of
the foreland apex, down to the beach shopping centre, the shoreline has been prograding
dramatically over recent years. Longer-term accretion thereafter diminishes and ceases
just north of the Wharamauku Stream at Marine Gardens in Raumati. The coast further
south is characterized by systematic erosion.
Shoreline behaviour in the vicinity of the southern end of the Marine Parade Revetment
(MPR) is depicted on the aerial photo in Figure 7A. More spatially extensive coverage is
given in the time-series graphs in Figure 7B, with location of the depicted transects being
shown in Figure 8. During the survey period, systematic seaward migration of the
shoreline has occurred at about 0.25 m/yr. The variation about the (red) trend line define
medium-term changes which can be seen to occur over 10 to 30 yr intervals with
fluctuations of up to 10 m each side of this line. The previous seaward excursion was
centered about the mid 1980s and with subsequent erosion during the 1990s. During the
past decade, the graph indicates slight accretion to the north of the MPR with slight
erosion occurring to the south. However, lack of reliable data due to shoreline
“contamination” from erosion management makes it difficult to identify more recent
medium-term behaviour in the vicinity of the MPR. Extrapolating the fluctuating pattern
in Figure 7B indicates that an accretionary phase can be expected, although when and
how substantial this will be is unknown. If such behaviour is to be incorporated into an
erosion hazard assessment or an erosion management programme, confident prediction of
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such shoreline behaviour is necessary and this requires an understanding of the
underlying sediment dynamics which are considered further in Section 4.2.

Figure 6 Shoreline behaviour at selected sites around the Kapiti foreland 1942 to 2007. The straight
red line superimposed on the time-series graphs defines the overall trend and was determined by linear
modelling, while fluctuations of the blue line about the trend line define medium-term shoreline
behaviour. See text for interpretation.
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Figure 7A Historical shorelines to the south of the Marine Parade Revetment for the period 1942 to 2007.
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Figure 7B Shoreline behaviour at selected sites near the Marine Parade Revetment 1942 to 2007.
The straight red lines superimposed upon the time-series graphs define the over all trend and were
determined by linear modelling, while fluctuations of the blue line about the trend line define
medium-term shoreline behaviour. See text for interpretation and Figure 8 for transect locations.
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Figure 8 Transect locations for the
shoreline time-series depicted in Figure
7B are shown yellow, and for the profile
surveys used in Section 3 are shown
blue.
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2.3 Shore-parallel structures and the Kapiti Coast
2.3.1 Characteristics
Several types of shore-parallel protection structures (SPPS) are used to control waveinduced shoreline erosion including bulkheads (vertical structure face), seawalls
(moderately steep face) and revetments (low-slope structure face). The fundamental
difference between a SPPS and the beach itself is that the latter is mobile and dynamic
while the former is static and designed to be unyielding.
In general terms, protection structures introduce interactions between waves, currents and
sediment which do not exist in the original (natural) system, so beach behaviour in the
vicinity of such structures can be expected to show some difference to that had the
structure not been present (Kraus, 1988). The nature of the interaction is a function of
wave height, period, angle, and tidal stage (Griggs et. al., 1994). The cross-shore location
of a structure also changes the process interactions and environmental impacts, with
increasing effect with distance seaward (CEM, 2006). The characteristics of the structure
itself may also be expected to affect processes. However, studies have shown no
significant difference in wave reflection and beach profile adjustment fronting seawalls
and revetments, with toe scour being dependent on local sediment transport gradients
(longshore current) and the return of overtopping water (CEM, 2006).
Griggs et al., 1994 note scour and an associated narrower beach are often, but not always,
observed fronting seawalls. Such variable response may be explained by the (antecedent)
morphology of the beach and surfzone at the time of a storm as studies have shown that
some configurations facilitate erosion, while others have a retarding influence (Shand et.
al., 2004). Backshore morphology of the adjacent coast is also important, with fastest
shoreline adjustment being associated with non-cohesive sediment, low relief and/or
sparse vegetation. Finally, it is noted that in many (probably most) cases, protection
structures are placed along coasts subject to background (passive) erosion: this
complicates the task of separating beach response to structurally-induced (active) erosion
from that which would have occurred regardless. The nature of SPPS-beach interaction
and morphological response is thus very site specific, and this is reflected in the lack of
available environmental response models.
As well as lowering the fronting beach, SPPSs tend to cause the adjacent beach to
develop an arcuate shaped embayment with retreat lessening with increasing distance
from the structure (see Figure 9). Such erosion is also referred to flanking, lateral or end
erosion. Field evidence of end erosion at sites without passive erosion show the
embayment becomes subdued or even disappears during subsequent beach recovery
and/or seasonal change (CEM, 2006). However, as noted earlier, recovery processes may

Report Title: North Raumati Erosion Update and Management Programme
Reference No. 2010-9CRep Version: Final
Status: Open
Client: Kapiti Coast District Council
Date: 20th August, 2010

21

be prolonged and co-incidence with landward medium-term fluctuations may further
delay recovery.
Published data of end-affected erosion lengths from several open coast sites on the
eastern and western USA seaboards, and the eastern Australian coast range between 150
and 180 m (Foster and Foster, 1983; Griggs et. al., 1994, Basco, 2006). These instances
are either stated to be maxima, or based on vegetated shoreline indentations indicating
longer-term response, so these distances indicate erosion potential and are thus relevant to
the present study. It is noted that coastal consultants EcoNmos (pers comm. 2010) have
observed “seawalls along Buffalo Beach at Whitianga, have end effects up to 150 m
alongshore”. This result is particularly relevant as it is a lower energy coast similar to
North Raumati.
Beach responses to shore-parellel protection structures (SPPS) along the south Kapiti
Coast include 100 m for a 150 m SPPS immediately south of Arawa Street (1942 aerial
photo), and ≥170 m for the present South Raumati SPPS (historical photos 1942 to 2007
listed in Section 2.2) with this end erosion occurring within the adjacent QEII Regional
Park. In each case the dimensions were determined by fitting a parabolic curve which
has been found to be effective in modelling such structurally controlled embayments3. In
the Arawa Street case, the structure may have been constructed not long before the 1942
aerial photo was taken (Appendix B), so some additional shoreline response seems likely,
while, in the latter case, the structure had been in place for over 30 years so potential
impact should be evident.

3. Wave refraction, diffraction and reflection about a headland result in a sandy shoreline evolving
toward a predictable equilibrium form mathematically represented by a log-spiral, parabolic or hypobolic
tangent functions ( CEM, 2006: Lee et. al., 2005). Silvester and Hsu (1993) found the parabola to be
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particularly effective in replicating the tail of embayment compared with other shapes and this function is
now used as the basis of numerical shoreline modelling (Raabe et al., 2010). While such modelling applies
only after an equilibrium response has occurred, Silvester and Hsu (1993) found that the shoreline
replicated the parabolic form during the evolutionary process and could be fitted with the general shape
defined by equation 1. Tait and Griggs (1990), and Basco (2006) note that the parabolic form also
appears to apply to seawall-affected end embayments and this appears to be the case with the (1942) south
Arawa Street and the present South Raumati-QEII embayments along the south Kapiti Coast.
L = a(b*C)2 + c, θ

(1)

where L = longshore distance from the end of the structure, C = cross-shore distance, a = scaling
parameter, b and c are axis offsets and θ is the angle of rotation for original shoreline.

Note that the South Raumati-QEII coast is subject to longer-term erosion (CSL, 2008b),
so the effect of 30 yrs of passive erosion was removed (on the basis of a historical
shoreline analysis) before curve fitting was carried out. The end-erosion distances from
these sites along the south Kapiti Coast, together with those mentioned earlier from the
general literature, are summarized in Table 1A.

2.3.2

Empirical modelling

A predictive formula of the longshore erosion dimension was proposed McDougal et. al.
(1987) based on the relationship between SPPS length and end-embayment dimensions
derived from field (post storm) and laboratory data (equation 2).
Le = 0.7Ls

(2)

Where Ls = length of structure and Le = length of adjacent erosion.

However, our reanalysis using only field data plus a closer fitting and more realistic nonlinear function4 found that the McDougal et. al., (1987) model over-predicted erosion
length. The resulting non-linear model is given by equation 3 and represents the potential
lateral response.
Le = 6.089Ls 0.5357

(3)

4. McDougal et. al., (1987) only provided depth of erosion field data, so corresponding length values
were derived using the erosion depth to erosion length ratio (1:6.674), say (1:7), based on their reported
laboratory data. Small-scale wave basin output may be subject to length up-scaling effects. However, in
our case we are dealing with a qualitative shape parameter, so the issue is how well does the laboratory
embayment shape represent the field geometry. McDougal notes on p970 that the lab erosion patterns
were fairly consistent in all runs, being hooked behind the ends of the seawall and tapering out to meet the
unaffected coastline. They note the more intense erosion at the wall end is associated with wave diffraction.
Their laboratory wave behaviour and associated erosion pattern thus appear to be representative of that
typically observed in the field (see Footnote 2).
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Applying the model (equation 3) to Griggs and Tait’s (189) data from Monterey Bay in
California gives a predicted erosion length of 129 compared with the observed maximum
erosion of 150 m for Ls = 300 m, this being an under-prediction of 14 %. Applying the
model to the south Arawa Street seawall predicts 89 m of alongshore erosion compared
with the observed 100 m where Ls = 150 m, i.e. an under-prediction of 11%. Note that
the model was not be applied to the South Raumati structure because of its excessive
length (>2.5 km). However, the two sample verification provides enough confidence in
the model to justify applying it (equation 3) to the 440 m long MPR. The predicted
alongshore erosion effect of 159 m is listed in Table 1A.

Table 1 Summary of shoreline erosion factors relevant to the Marine Parade
Revetment.
A. Revetment associated
1. Timing of erosion

Onset followed construction.

2. Southern Kapiti Coast end-erosion lengths1:
1942 South of Arawa St. (developmental?)
1980-2007 South Raumati (maximum)

100 m
170 m

3. Local processes associated with end erosion:
• End-reflection and turbulence
• Rip-associated wave interaction
• Face-reflected oblique waves
• Landward sand trapping
• Groyne effect

Relevant processes observed
Relevant processes observed
Relevant processes possible
Mechanism effective
Variation possibly operating

4. Application of the general empirical model (equation 3)

159 m

5. Literature (observed maxima from different field sites)

150 to 180 m

6. Legislative-impact expectation (max)

SPPSs2 ≥300 m is a RCA3 in the 1994
operative NZCPS (1994) and ≥100 m in
proposed NZCPS (2008).

1. Determined by fitted parabolic function
2. Shore-parallel protection structure
3. Restricted Coastal Activity for which the Minister of Conservation is the consent authority

B. Non-revetment associated
1. Localized sediment deficit

Likely - indeterminant extent

2. Pre-existing vulnerability of backshore

Possible over adjacent 50 m

3. Adjustment to down-coast control

Unlikely - indeterminant effect
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2.3.3

Proposed mechanisms

Despite the widespread use of shore-parallel protection structures (SPPSs), their
underlying morphodynamics are not well understood. However, several possible
mechanisms have been proposed in the literature (Kraus, 1988; Tait and Griggs, 1990;
Kraus and McDougal, 1996, Basco, 2006; CEM, 2006) so it is of relevance to now
describe them and assess whether they could apply at the MPR site. Such mechanisms
either control the sediment supply or influence the system hydrodynamics.
For these mechanisms to have relevance at the MPR site, the frequency with which waves
reach and interact with the structure, to such an extent that erosion can be induced, needs
to be considered. The following survey levels, datum levels, waver-level and wave
statistics are from the Cuttriss profile database, Land Information New Zealand (LINZ)
and MetOceans (2007) respectively. The base of the revetment is 1.1 m above mean sea
level (MSL), with MSL being relative to Wellington Vertical Datum 1953. The sand
level is typically 0.1 to 0.2 m above the revetment base. Neap tide is 0.461 m above MSL
and spring tide is 0.994 m above MSL. So the base of the MPR is elevated at least 0.11 to
0.64 m above the usual tide levels, with an additional 0.1 to 0.2 m of sand cover.
However, there are additional factors influencing sea-level relative to the MPR.
On this coast, higher barometric pressure and southerly quarter winds tend to occur
together, and in such situations both these factors (referred to as storm surge) depress the
sea surface by 0.16 to 0.31 m under the most extreme (2.5%) of conditions. This effect
obviously makes wave run-up less likely to reach and interact with the MPR. By
contrast, lower barometric pressure and northerly quarter winds tend to occur together,
and in such situations both these factors elevate the sea surface by 0.16 to 0.38 m under
the most extreme (2.5%) conditions. In this latter case, storm surge facilitates wave runup reaching and interacting with the revetment. Furthermore, in this case higher levels of
wave energy approach the coast and thus affect run-up.
Run-up modelling and extreme value analysis would be required to quantify the
frequency and magnitude of run-up/MPR interaction. CSL carried out preliminary work
as part of the Coastal Inundation Assessment investigation in 2007-8. However, this work
was shelved in August 2008 and its completion is outside of the scope of the present
report. Nonetheless, based on the information presented above, if would be fair to say that
several episodes in which wave run-up interacts with the MPR and induces erosion could
occur each year.
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(a) Sand trapping
•

End entrapment
Where a shore-parallel protection structure (SPPS) protrudes seaward of the
shoreline, updrift impoundment of wave-driven littoral sediment can result in
a deficit (and hence erosion) on the downdrift beach. This is the classical
process response to a groyne, and hence is referred to as the ‘groyne effect’.
This mechanism is associated with a net longshore current regime. However,
there appears to be a lack of discernable net littoral drift in the vicinity of the
MPR for the following reasons.
Firstly, there was no evidence from longshore currents measured between
April 1974 and June 1975 using a local observer programme (MWD, 1980).
While current speeds in excess of 0.5 m/s were recorded on several occasions,
data analysis showed no dominant direction.
Secondly, there appears to be a temporally sustained lack of asymmetric
sediment distribution across the foreshore in the vicinity of the Rua Road
outfall pipe (located at the northern terminus of the MPR), and such
asymmetry would be expected if a net littoral drift existed. This result is based
on our inspecting aerial photos taken in 1985, 1992, 1998 and 2001, that
period bracketing constructions of the inter-tidal outfall, and the restored dune
and revetment. It is noted that for our inspection we used contour proxies
defined by contrasting beach texture associated with differing water content,
beach sediment type and debris, all of which were shore-parallel in the
vicinity of the outfall.
However, it is possible that a variation in the usual wave-driven groyne effect
may occur at this site for the following reasons. Shoreline erosion along this
coast tends to occur under strong NW wind conditions. Such conditions result
in high levels of wind and water-borne sediment transport along the upper
beach/backshore, and such sediment can be trapped by the structure which is
located in this same region. Such a process may also explain the relatively low
level of erosion north of the MPR’s northern terminus.

•

Landward entrapment
Where the structure prevents landward sediment from being mobilized, excess
erosional stress occurs along the front of the structure and excess erosion
occurs on unprotected adjacent property (CEM 2006).
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The landward entrapment mechanism could apply at the MPR for the
following reasons. As described in Section 2.1, prior to construction of the
structure, toe-erosion of the dune along with sand replenishment consistently
occurred. While the revetment is only elevated about 2.1 m above MSL (see
Section 3.2.1), it still acts as an effective trap judging by the lack of sand
mobilization following the severe storms of 2008 (Figure 10). Note that the
debris and vegetation probably helped maintain such stability. From the dunebeach profile bundle (Section 3.2.1) it can be shown that the volume of
trapped sand is ~10-15 m3 (per metre in the longshore direction), compared
with an active beach volume of ~50-60 m3. This 20% of trapped sand cannot
be considered insignificant, especially given its critical location at the top of
the beach, i.e. adjacent to that area most vulnerable to flanking erosion. Note
that storm-induced seaward sediment transport appears to be constrained to
the immediate subsystem (foreshore, inner bar, outer bar) on New Zealand
west coast barred systems, with sediment migrating to more distant locations
within coherent sand bodies (Shand, 2007). So sand eroded from the upper
beach/dune is unlikely to be transported much beyond the low tide mark
during storms.

Figure 10 Debris defining upper run-up limit from 23 July 2008 event. Run-up has
been able to reach the dune; however, sediment loss appears negligible.
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(b)

Hydrodynamics
•

Wave reflection and turbulence off end of structure
The most obvious mechanism consists of waves reflecting off the ends of a
SPPS and the associated turbulence eroding the adjacent coast. Wave
refraction and diffraction enhance this process by increasing the amount of
energy reaching the structure’s end/flank once the embayment begins to form.
We have observed both wave reflection and turbulence at the southern end of
the MP revetment with reflected waves propagating diagonally
seaward/alongshore before being arrested by incoming waves. While the
revetment front is relatively low, it is adequate to cause reflection under
higher energy conditions. Further, its elevation increases landward, especially
at the terminus where rock has been placed around the northern margin of the
“embayment” (see Figure 14C).

•

Oblique wave reflection off front of structure
Waves reflecting obliquely off the front of a SPPS interact with incident
waves to produce localized areas of concentrated wave energy of “caustics”
which result in adjacent down coast erosion (Silvester and Hsu 1993).
Recently, as part of updating the MetOceans (2007) wave and water level
report, wave spectra in the lee of Kapiti Island were modelled and the results
show distant generated (swell) waves and locally generated (sea) waves
travelling north to south, cross the headland apex and propagating on down
toward the South Paraparaumu-North Raumati coast. It is thus likely that
under some higher wave energy and storm-tide (storm surge + tide)
conditions, waves strike the face of the Marine Parade Revetment (MPR) at an
oblique angle, conditions required for the Silvester and Hsu (1993)
mechanism to function.
In terms of field evidence, we have observed swell approaching the MPR site
with both oblique and shore-parallel orientations (1400 hrs on 29th
September, 2009). This is indicative of waves having refracted around both
ends of Kapiti Island. While the tide was not high enough to enable these
waves to impact the revetment, local residents claim to have observed this
situation (Appendix F).
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•

Rip currents at the end of structure
Rip currents have been observed at wall ends along the USA west coast and in
laboratory experiments, and in general upper beach erosion is commonly
observed landward of such rips.
The rip currents associated with SPPSs are probably driven by hydrodynamic
gradients rather than the topographically constricted flow (channels) which
occur naturally on many oceanic beaches. We have observed and recorded
hydrodynamically-driven rips off the southern end of the Raumati seawall
under conditions5 of moderate swell coupled with a spring tide on 26 August,
2009. As with topographic rips, hydrodynamic rips effect shoreline erosion
by interacting with subsequent incoming incident waves (within the same
group) and cause the formation of a shoreline propagating edgewave which
has erosive potential. Generation of such an obliquely orientated wave was
recorded propagating to the south of the MPR and beyond the rip location.

5.

Hosig = 2.9 m (~ monthly), tide = 0.5 m, storm surge = 0.2 m), and wind = 22 kt at 311 deg.

These component values were not exceptional and the combined effect could be expected to occur several
times per year.
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2.4

Paradigms and coastal legislation

Over the past 30 years, the negative environmental impacts associated with shoreline
protection structures has resulted in their diminished use to mitigate coastal erosion.
Indeed, one of the world’s foremost coastal protectors, the United States Army Corp of
Engineers, has shifted focus from building “hard” structures (seawalls, revetments,
groynes and breakwaters) to using “soft” options such as beach renourishment (e.g. see
Hillyer et. al., 1997; Granja et. al,. 2003; Jayappa et. al,. 2003). In New Zealand, this
paradigm shift is reflected in our legislation (Resource Management Act 1991), with its
coastal management guide, the New Zealand Coastal Policy Statement 1994, requiring
alternatives to hard protection be investigated (Policy 3.4.6), and SPPSs which extend at
least 300 m along the coast being defined as a restricted coastal activity and resource
consents requiring Ministerial approval (Section 1.3). As further recognition of the
likelihood SPPSs cause significant or irreversible adverse effects on the coastal marine
area, it is presently proposed that this threshold be reduced to 100 m (DoC, 2008).

2.5 Summary
This background review demonstrates the following:
•

Several general mechanisms associated with shore-parallel protection structures’
(SPPS) end erosion could be operating at the Marine Parade Revetment (MPR);

•

Erosion at the end of SPPSs observed at other sites along the south Kapiti Coast
range between 100 and 170 m, several documented global locations have maxima
of 150 to 180 m, and NZ legislation recognizes the likelihood of end erosion by
making SPPSs over 300 m (100 m proposed) restricted coastal activities, and

•

Application of a general empirical model suggests the MPR may potentially be
affecting up to 159 m of adjacent southern coast.
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3. Erosion Update
3.1

Major storms

Prior to the winter storms of 2008, a storm on the 14th October, 2007 had notable
shoreline effect and this event was described in CSL (2008a). Briefly, that storm was
characterized by a deepwater significant wave height (Hosig) of 3.5 m with a period (T)
of 8s. A spring tide plus storm surge (storm tide) produced a sea-level elevation of ~1.25
m, and the wind from 310 deg at 20.1 knots (kn) produced moderate to strong longshore
current from N to S.
Between the 24th June and 16th August, 2008 the west coast of the North Island was
affected by a series of storm events. These storms had high waves which coincided with
above average tides and winds from the westerly quarter, producing North to South
directed longshore current. These combinations had the potential to produce substantial
shoreline erosion. Two storms were particularly effective in the Kapiti area.
The event of 23 July had Hosig = 4.3 m and T = 13.1 sec. Of particular note is the period
which is the highest value in the available hindcast record, and period is an important
variable controlling wave run-up elevation. The storm tide component was in excess of 1
m, and a strong N to S directed longshore current was driven by 23kn winds at 329 deg.
Subsequent run-up and overtopping surveys carried out by CSL and Cuttriss on 29th July
yielded values approaching those of the infamous September 1976 event and described in
Gibb and Wilshere (1976). The 23 July event resulted in ~30 m (alongshore) of erosion
immediately north of the revetment (Fig 11A), at least 0.5 m of scour at the toe of the
revetment (Fig 11B) and significant erosion along the adjacent southern shoreline (Fig
11C). Such erosion made the area vulnerable to subsequent storms.
The second storm event of note occurred on the 2-3 August, 2008. This event was similar
to the October 2007 event with Hosig = 3.6 m, T = 8.8 s and storm tide = 1.3 m.
However, the wind (37 kn at 329 deg) was capable of generating considerably stronger
longshore current. Longshore current is an important driver of coastal erosion as it
removes previously eroded sediment thereby facilitating further wave attack. As noted
above, this situation was superimposed upon an already vulnerable morphology caused
by the previous storm(s).
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Figure 11 Erosion in the vicinity of the Marine Parade Revetment that was associated
with the 23 July, 2008 storm event. At the northern end (A) a length of about 30 m of
dune-toe erosion occurred. The beach fronting the revetment was lowered about 0.5
to 1.0 m (B), and C shows the more severe erosion beyond the southern end of the
structure.
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3.2

Data

3.2.1 Profiling
Cuttriss surveyed several cross-shore profiles on the 6th August, 2008, using a Real Time
Kinematic (RTK) GPS-based system with a positional accuracy of ±0.01 m m. Three of
these profiles could be compared with earlier surveys. In particular, Profile 280 fronting
the Tainui Street road-end seawall some 900 m south of the revetment, Profile 290
fronting the Marine Parade revetment some 60 m from its southern end, and Profile 300
some 800 m north of the structure (NB locations depicted in Figure 8). The profile
bundles for these transects are shown in Figure 12.
3.2.2 Shoreline
On 6th August, 2008, Cuttriss undertook a RTK GPS-based shoreline survey along the
top and base of the dune/erosion scarp, between the Marine Parade Revetment and the
Wharemauku Stream some 1500 m further south (Figure 1). Positional accuracy of the
system is ±0.01 m and feature detection variation is ~ 0.1 m Measurements were made
at ~5 m intervals alongshore closer to the revetment, and at ~10 to 15 m intervals further
south. In this study, these data will be compared with corresponding shoreline
measurements derived from detailed (1:8000) vertical aerial photographs taken on 4
January 2007, and transformed into the same co-ordinate system as the 2008 data (to
enable direct comparison) by GeoSmart Ltd. Positional accuracy of the aerial-based
system is ~ ±0.1 m, pixel resolution = 0.1 m and shoreline detection by an experienced
practitioner aided by stereo analysis, is ~0.2 m.
The base of the erosion scarp was used as the reference shoreline rather than the top,
firstly as this feature was the more clearly defined on the aerial photographs, and
secondly, as this line is less prone to interpretational variation by the field surveyors. It is
noted that the base line may, in places, have a seaward bias resulting from post event
slumping and other settlement processes. However, for the purpose of the present study
this is considered acceptable as both the 2007 and 2008 data sets are affected, and as it is
erosion length that is important rather than erosion (cross-shore) depth.
Shoreline location data were obtained from 89 sites along a 700 m stretch of coast to the
south of the revetment, this distance being considered adequate to detect and characterize
background shoreline behaviour beyond the influence of the revetment. Note that
measurement sites in the vicinity of accessways and also in the area immediately adjacent
to the revetment, were excluded due to contamination by pedestrian traffic and KCDC
sand replenishment which occurred throughout the winter of 2008.
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Differences in shoreline location between 4 January 2007 and 6 August 2008 have been
plotted in Figure 13A. These distances essentially represent the combined shoreline
impact of all storm events since the MPR was constructed.

Report Title: North Raumati Erosion Update and Management Programme
Reference No. 2010-9CRep Version: Final
Status: Open
Client: Kapiti Coast District Council
Date: 20th August, 2010

34

Report Title: North Raumati Erosion Update and Management Programme
Reference No. 2010-9CRep Version: Final
Status: Open
Client: Kapiti Coast District Council
Date: 20th August, 2010

35

Report Title: North Raumati Erosion Update and Management Programme
Reference No. 2010-9CRep Version: Final
Status: Open
Client: Kapiti Coast District Council
Date: 20th August, 2010

36

3.3 RESULTS
3.3.1 Profiles
The revetment profiles depicted in Figure 12, show beach lowering of about 0.5 m
occurred at Profile 280 (900 m south of the Marine Parade Revetment) and trough
development occurred in the surf zone. While such changes are consistent with typical
storm response effects, they cannot be used as indicative of background change due to
likely enhancement from the Tainui Street road-end seawall which backs the transect.
Profile 290, located across the southern section of the MPR, shows the 2008 profile being
similar to the 2007 profile close to the structure, with the recent 2009 profile being about
0.2 m lower. These are interesting results. Firstly, the 2007 profile was also surveyed
following the notable October 2007 storm (Section 3.1), so a low profile would be
expected. Secondly, substantial beach recovery occurred between the 2007 survey and the
August 2008 survey as indicated in the photo sequence in Figure 14 A-C, and the 2008
storms did in fact lower the beach by ~0.5 m from the summer-Autumn level. However,
it is not possible to isolate the structure’s frontal effect from natural storm erosion,
although the literature (e.g. CEM, 2006) states that such adjustment occurs faster in the
presence of a SPPS. The further lowering evident in the 2009 profile (supported by
bracketing Photos D and E in Figure 14), suggests that this section of coast is
experiencing an underlying sediment deficit. Further seaward, the profile data show the
inter-tidal beach morphology was subdued following the 2008 storms, and bar trough
development occurred in the surf zone – these being expected natural storm responses.
By contrast, Profile 300, some 800 m north of the MPR shows net deposition of 0.1 to 0.2
m on the beach indicating this area is developing a sediment surplus. Bar-trough
development in the surf zone indicates typical storm-effects were taking place in this
region.

3.3.2 Shorelines
Shoreline change values depicted in Figure 13A range between 1.6 m seaward (accretion)
and 4.9 m landward (erosion), with the former (marked by ellipse 1) being associated
with the council replenishment adjacent to the revetment, and the latter (ellipse 2)
occurring in an area of large tree stumps some 165 to 195 m south of the revetment. It
should be noted that these large erosion values occurred in isolated locations were the
tree stumps were being outflanked, or in some cases removed by storm waves (Fig 15).
These particularly high values were interspersed with particularly low values from
relatively stable areas between the stumps.
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Figure 16 Part of the private seawalls at
Raebem Lane (see Fig 13A) located
some 230 to 270 m south of the Marine
Parade Revetment. The upper photo (A)
was taken prior to the 2008 storms and
shows some sand and vegetation cover
existed at that time. The lower photo
(B), was taken following the 23 July
event and shows the lower beach, and
exposed and damaged seawall.
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Retreat values 280 to 300 m from the revetment are also relatively high (ellipse 3). This
area is immediately south of the properties 5 and 7 Raebem Lane. Prior to the 23 July
storm, these properties had been fronted by a vegetated dune; however, the storms
removed this protection and exposed a wall structure. Local beach lowering was
apparent in front of the wall (Figure 16), and the adjacent elevated erosion values
immediately south are consistent with the reflection and turbulence (NB Section 2.3.3b
first bullet point).
Beyond Arawa Street some 500 m from the MPR, erosion was relatively constant (ellipse
4). Values in this area are used to define the general background shoreline behaviour
associated with the storms, i.e. this erosion would be present regardless of whether the
revetment was there or not. A conservative value of 1.0 m is depicted by the red dashed
line in Figure 13A. This general background erosion incorporates the combined effect of
waves, tide, storm surge, lower frequency sea-level effects should they be in a positive
phase6, as well as possible wide-spread erosion from sea-level rise7.
Erosion values in Figure 13A, which are contained neither within the ellipses nor within
the background range, may be influenced by either the MPR and/or a localized sediment
deficit. Theoretical embayment curve fitting to shoreline-change data was unable to
provide a definitive answer as to the extent of the MPR influence due to the unresolvable
effects of replenishment closer to the structure, local variation in resistance from
vegetation and tree stumps, and possible influence of the Raebem Lane structures.
However, by fitting these data with theoretical (parabolic) embayment curves using
plausible configuration scenarios identified in Table 1, the occurrence/relative
significance of revetment influence and background erosion could be defined. In
particular, given the relatively short establishment period, the longshore lengths should be
between 100 and 150 m. Corresponding and cross-shore depths could range between 5%
and 10%, with 10% being the equilibrium value (see Footnote 2). The curves in Figure 13
B depict the associated four scenarios that bracket the shoreline response.

6.

Lower frequency sea-level fluctuations consist of seasonal temperature driven cycles as well as ENSO
(4-7 yr) and IPO (2-3 decade) cycles. While, under exceptional circumstances, these drivers can raise
sea-level by 0.25 m in any one month, during the relevant 2007 and 2008 storms, these phenomena
had a negative influence.

7.

Average sea-level has risen 1.7 mm/ during the 20th century, with the rate increasing to 3.1 mm/yr
during the period 1993 to 2003. Applying the shoreline response model of Komar et al. (1999) to the
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site shows 1.6 m of erosion would have been induced over the past decade. This model is considered
more applicable to this area than that of Bruun 1983 (see CSL, 2008b). However, these SLR values
are average global values and make no allowance for the long-term uplift affecting the Kapiti Coast
(Gibb, 1978; NIWA, 2000) which could reduce the global increase at this location.

In Figure 13B, the absence of any erosion values closer to the revetment (ellipse 1) and
the absence of higher erosion values encompassed by the theoretical embayment curve
(ellipse 2), indicate protection from the replenishment. While this area extends beyond
the 50 m application, mechanisms do exist by which re-deposition of replenishment sand
could occur further alongshore. Firstly, from storm wave/longshore current action at the
top of the swash zone, a process evident in data from other west coast sites. And
secondly, during post-storm recovery following the oblique-seaward removal of
replenishment sand via storm undertow.
Of particular relevance in Figure 13B is the cluster of data points just beyond the
expected maximum embayment curve and contained in ellipse 3. Our analysis has
suggested that it is unlikely such erosion would be associated with revetment end effects;
in which case it relates moreso to background erosion associated with a localized
sediment deficit. Of course, if the tree stump effect is not the primary cause of the
elevated values further south (within ellipse 2 in Figure 13A), then such a localised
sediment deficit could be more extensive.
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3.4

DISCUSSION AND CONCLUSIONS

In summary, evidence for the potential environmental impact of the Marine Parade
Revetment (MPR) along the adjacent coast (Table 1A) includes the apparent
correspondence between erosion onset and construction of the revetment, and the
operation of end-erosion mechanisms at this site. In addition, the modified empirical
model predicts the MPR would have a maximum potential longshore effect of 159 m
which is consistent with the reported upper ranges (150 to 180 m) from other locations.
Note that the 100 metre effect for the Arawa Street seawall (in 1942) was consistent with
a relatively short shore-parallel protection structure (SPPS), although, additional response
may have subsequently occurred if the photo was taken shortly after construction as
suggested in Appendix B. Given that most of the reported SPPS sites from which
maximum end-erosion has been measured are more energetic than North Raumati, a
length of 150 m is considered appropriate for erosion potential associated with the MPR.
By fitting a theoretical embayment curve to the post-construction shoreline change data
using a plausible scenario, the existence of a localized sediment deficit was indicated.
Such a deficit was also suggested by profile and photograph sequences at the southern
end of the structure. This localized sediment deficit may be the same as that which
earlier affected the Marine Parade area and lead to the initial nourishment trial some 15
years ago and subsequent management including in the MPR. Unfortunately it is not
possible to be more definitive at this time, as such management practices contaminate the
natural shoreline change signal used to infer sediment supply variation. However, an
investigation is proposed in Section 4.2 to better understand and define such behaviour
for the purpose of assisting erosion management.
Other non-revetment associated erosion influences, excluding general storm-induced
erosion, are summarized in Table 1B, and include pre-existing erosion vulnerability of
the backshore in terms of sporadic vegetation cover, embedded tree stumps and private
structures. The possibility of down-coast change causing adjustment back toward the
revetment has also been raised; however, whether such adjustment could be defined or
extend upcoast against the storm-driven N to S currents is questionable.
In conclusion, the available information (Table 1A) indicates that Marine Parade
Revetment could likely have a significant erosional effect along the adjacent 100 m of
(southern) shoreline and a lessening effect out to about 150 m. However, other erosive
influences (Table 1B) may be compounding this effect and these need to be considered in
erosion management.
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At the northern end of the MPR, more extensive structure effects would have been
expected than ~ 30 m observed. This moderation could be associated deposition related to
a groyne-effect (possibly assisted by the nearby storm water outlet), along with a possible
increasing sediment supply in this area as suggested by profile data.
A relatively narrow high tide beach now typically fronts the structure compared with that
along the adjacent coast. This situation is the product of locating the structure seaward of
the natural shoreline at that time, an effect that will be exacerbated or alleviated by
changes in local sediment supply.
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4.0

EROSION MANAGEMENT PROGRAMME

This section describes the programme for erosion management in the vicinity of the
Marine Parade Revetment (MPR), in keeping with the Terms of Reference given in
Section 1.1. In particular, Section 4.1 provides detail on how to replenish and manage the
adjacent southern shoreline; Section 4.2 describes the need for, and nature of, long-term,
large-scale sediment dynamics modelling (SDM); Section 4.3 considers other erosion
management matters which may be relevant in the future; and Section 4.4 describes the
associated monitoring and related issues.

4.1 Sand replenishment programme
Potential down-coast erosion associated with the MPR, as established in Section 3, is to
be controlled, at least in the shorter-term, by the Kapiti Coast District Council (KCDC)
replenishing this area using imported sand. This is the practice currently used by the
council immediately south of the MPR. While an overview of the proposed replenishment
programme is given below, guidelines have yet to be finalized and documented.
The Erosion Management Guidelines for sand replenishment will be subject to ongoing
review to maximize operational efficiency and allow for underlying (non-revetment
associated) shoreline change should such change become evident. Additional Erosion
Management Guidelines will be needed should other types of erosion management
considered later in Section 4 be implemented.
The present study found the alongshore length of coast potentially affected by the MPR
could be up to150 m, so an extension of the current length of replenishment is required.
It is quite possible replenishment sand will subsequently be transported, by wind action in
particular, southward beyond the replenishment area, thus accommodating any underestimate in the modelled distance.
A tolerable landward erosion limit will be defined. The methodology has yet to be
finalised but consideration is being given to a series of marker posts spaced alongshore at
suitable locations at about 30 m intervals. Once the eroding shoreline reaches such
markers, a replenishment operation is triggered.
The source of replenishment sand will be, in the first instance, from the presently used
council site in Otaihanga. However, this sand is not optimal in terms of textural
characteristics and there are also cost and sustainability issues. Alternative inland, coastal
and offshore sources need to be investigated. Understanding future shoreline behaviour
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(see Section 4.2) will be important in defining suitable and consentable coastal source
areas.
Initial placement will occur against the eroding embankment to a pre-determined slope
and height. These criteria will be set out in the Erosion Management Guideline.
Landward “leakage” of replenishment sand is a well recognized consequence and can
lead to sand drifts, vegetation desiccation and burial (as occurred along Marine Parade
and described earlier in Section 2.1). Contouring of the upper embankment, planting
with runner-based dune grass, and using backstop wind fencing can effectively trap
leaking sand. Such sand deposits are then returned to the backshore either mechanically
or via natural slope processes involving slumping, avalanching and sliding.
It is important to recognize that the primary purpose of planting and sand entrapment in
this situation is not to form a long-term stable and protective dune, but rather to control
wind erosion and landward sand drifts. However, during prolonged inter-storm periods,
especially when the sediment deficit is less severe, runners from the established plants
will quickly grow seaward and trap wind-blown sand on the upper backshore-lower
embankment, thus providing some additional natural protection to storm-wave erosion.
To help control the quantities of replenishment sand being blown inland, placement can
also occur along the inter-tidal beach. Under lower (fair-weather) energy conditions,
sediment will move gradually landward toward the top of the beach and be available for
wind transport across the backshore and thus entrapment within dune vegetation at a
more sustainable rate. While storm wave and current action are likely to transport beach
replenishment sand seaward under higher energy (storm) conditions, this material can be
expected to return during sustained fairweather conditions. Profile data collected prior
and following the 1994 nourishment, indicate both cross-shore and alongshore transport
occurred (Lumsden, 1996, 1999). Even an increase in seaward sediment volume provides
additional shoreline protection as the resulting lower beach and/or sandbar development
enhances wave breaking and energy dissipation.
It may be beneficial to extend the contouring, planting and fencing of the upper
embankment beyond the replenishment zone as a council-community initiative. This
action will trap longshore wind-blown sand leaking from the adjacent replenishment
zone. And as noted above for the replenishment area, dune grass will also encourage sand
entrapment and dune growth during prolonged inter-storm periods, especially when the
sediment deficit is less severe, thus providing some natural protection to storm-wave
erosion, as well as visual enhancement.
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4.2 Large-scale long-term sediment dynamics modelling
Time-series graphs of shoreline change based on data derived from the 1942 to 2007
aerial photo record (Figures 6 and 7), show behaviour around the foreland varying
markedly. Of particular note is the dramatic seaward migration immediately south of the
apex over the past 20 years. From an erosion management perspective, we need to know
if such growth will migrate south and reach the tenuous Marine Parade revetment area,
and if so, when? Also of relevance along the Marine Parade coastline (Figure 7B) is the
particularly large accretionary fluctuation centered about 1980-85 with erosion occurring
thereafter. Will another sediment pulse arrive, and if so when will it arrive, where will it
come from and how long will it persist? Or perhaps of more relevance, how long will the
apparent trough (sediment deficit) indicated in Section 3, persist, and what will be its
migration characteristics?
To more confidently predict future shoreline behaviour and thereby avoid the need for
substantial hazard and design safety factors, we need to understand the underlying largerscale long-term sediment dynamics.
Despite the efforts of many investigators over past decades into sediment dynamics of the
Kapiti Coast (e.g. Donnelley, 1959; Gibb, 1978; Morris and Associates, 1984; Holland
and Holland, 1985; Lumsden 1996, 99; NIWA, 2000; Gibb, 2002; GWRC 2003, CSL
2008), our understanding of this subject is still limited.
Elsewhere, numerical process-based approaches have been used to model the underlying
physical processes. However, the randomly variable nature of the forcing means that such
output becomes deterministically unpredictable well short of time-scales required for the
mid to longer-term coastal behaviours we are interested in (de Vriend, 1993; Hinton et al.
2007).
A cost-effective alternative used by some coastal scientists including ourselves, involves
the acquisition and analysis of morphological information from which longer-term
sediment dynamics can be inferred. Such an approach has recently been thoroughly
documented in a United Kingdom Environment Agency report: Prediction of large-scale
long-term coastal geomorphological change (UKEA, 2009). A prerequisite of this
approach is the availability of a comprehensive historical shoreline record, and
fortuitously, the Kapiti area has available a 70 yr record of closely sampled aerial
photographic surveys, and a range of survey plans covering the previous 70 yrs. The
results of large-scale long-term geomorphological modelling, also referred to as largescale sediment dynamics modelling (SDM), indicate with a level of confidence
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commensurate with the number and quality of available samples, how the coast is likely
to change in the future.
Coastal Systems Ltd (CSL) has already undertaken indicative research based on data used
for the erosion hazard assessments (CSL, 2008b), and preliminary results presented to
senior KCDC officers in August 2009 suggest that it will be possible to define and track
significant sediment bodies using this approach. The full set of available plans and
photographs now need to be acquired.
The SDM is necessarily based on data from a wider area so it may also assist with
defining and resolving future coastal management from the Waikanae River to the
Wharemauku stream. In addition, the model may assist in assessing the shoreline stability
and management-effects associated with climate change.
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4.3 Erosion management alternatives
While sediment dynamics modelling (SDM) may provide detail on a future increase in
sediment supply, which would relieve the present phase of erosion in the vicinity of the
MPR, it may also identify subsequent large negative fluctuations. Such deficits, coupled
with systematic erosion driven by more extreme climate change/sea-level rise scenarios,
will require further adaptations. Assessment of managed retreat, and soft or hard
protection options will be required, and erosion hazard zoning will also play an important
management role. Basic characteristics and issues relating to these options are now
discussed.
4.3.1 Managed Retreat
Managed retreat involves letting the coast behave naturally in response to varying energy
levels and sediment availability, which often means a fluctuating shoreline possibly
superimposed upon an underlying accretionary or erosion trend. Threatened structures
are either systematically relocated landward or, if space is unavailable, removed. There is
invariably initial resistance by residents to the managed retreat concept, but with a clearer
understanding of coastal behaviour (possibly assisted by the SDM), the environmental
consequences of climate change and further structural intervention (see below), this
practice may become acceptable, at least in the short to mid term. A recent summary of
managed retreat in New Zealand is given in Turbott (2006).
4.3.2 Soft protection
Soft protection typically facilitates energy dissipation via the movement of sediment –
essentially replicating the natural system. Examples of soft protection include
nourishment, beach scraping, beach drainage and foredune rehabilitation.
(a) beach nourishment refers to the artificial importation of sand into the littoral system,
with the term replenishment often referring to a less extensive scale of intervention.
Nourishment is not considered a viable option for coasts undergoing long-term erosion
(such as South Raumati) as the necessary quantity of sand will systematically increase
and this practice ultimately becomes uneconomic – assuming it was in the first place. By
contrast, on a quasi-stable shoreline, artificially adding sediment only during periods of
negative (landward) fluctuation is a temporary intervention that may provide viable
interim protection. Placement can occur at different cross-shore locations from up against
the dune escarpment, across the beach and even out to beyond surf zone, with deposition
characteristics and process interactions differing at each location. Backshore
replenishment is the management method presently used south of the MPR and relevant
issues were outlined in Section 4.1.

Report Title: North Raumati Erosion Update and Management Programme
Reference No. 2010-9CRep Version: Final
Status: Open
Client: Kapiti Coast District Council
Date: 20th August, 2010

48
(b) beach scraping refers to the removal of sand from the lower inter-tidal beach and
depositing it on the upper beach/backshore where it provides a protective role. Essentially
this technique accelerates the natural post-storm beach- recovery process and is a well
recognized beach management technique. However, empirical studies (e.g. Tye, 1983;
McNinch and Wells, 1992) show that the amount removed from the lower beach must not
exceed that which would occur naturally or additional erosion may result. Given that
minimal recovery has occurred about the southern end of the MPR over the past 2 years
(Figures 12B and 14), this method is probably unsuited to this beach with its apparent
underlying sediment deficit.
(c) beach dewatering (or drainage) refers to the lowering of the water table within a sandy
beach using sub-surface pipes and/or pumping. The purpose of this practice is to increase
accretion and reduce erosion such that there is an increase in shoreline stability.
(d) foredune rehabilitation aims to create a well-vegetated dune that can rapidly recover
during storm-free periods. This concept was described in Section 4.1 and further design
details will appear in the final report. It is recommended that at least trial sections be
undertaken, ideally on those properties closer to the revetment and immediately beyond
the replenishment area, with more extensive uptake if these are shown to be successful.
4.3.3 Hard protection
As noted earlier (Section 2.3.4), hard protection structures are designed to protect or hold
the shoreline, and in doing so invariably modify energy-sediment processes and hence
have environmental impacts which typically include loss of upper beach, backbeach and
adjacent dunes. Typical hard protection methods include shore-parallel protection
structures such as sea walls and revetments, as well as seaward projecting structures (e.g.
groynes), and submerged breakwaters or reefs.
(a) Regarding the MPR, in addition to its present environmental impact, consideration
must also be given to future impact under varying sediment supply and climate change,
and if/how the structure could be modified/relocated to mitigate such effects. As noted
above, information provided by the SDM may assist in predicting future sediment supply
variation and thus the need for, and timing of, such structure change. However, careful
consideration of the design is also required and specialists would need to investigate the
viability of MPR modifications, two of which are now considered further.
Tapering the MPR back into the existing shoreline has been raised previously by
engineering consult Mr John Lumsden (see Appendix C). While such an approach would
reduce end turbulence and the risk of outflanking, it could also increase wave reflection
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and consequent beach and shoreline impacts via mechanisms described earlier in Section
2.3.
Alternatively, the entire structure could be relocated as shoreward as possible while still
maintaining the integrity of the road and utilities. This approach would eliminate/reduce
both visual and environmental impact as for extended periods it would be buried/partially
buried. During intervening periods of landward shoreline fluctuation, the relocation
would allow for reduced end-erosion while the structure acted as an erosion “backstop”.
(b) Regarding private protection/management: council will need to develop a policy that
addresses the place of private/isolated protection structures along the North Raumati
shoreline. If hard protection is acceptable, design guidelines would be needed to cover
matters such as the cross-shore location, design, materials and longshore continuity.

4.3.4 Hazard assessment and zoning
The district-wide assessment of potential erosion along the Kapiti Coast was completed
in April 2008 (CSL, 2008b) and incorporation of hazard zones within the District Plan are
expected in the near future . Erosion hazard zoning will help control development along
the potentially erosive sections of coast and thus reduce future property risk. Since the
Erosion Hazard Assessment was completed there have been guidelines produced by the
DOC (2008) and the MfE (2008) which contain new material that will require some
modifications to the existing assessment, and this process is about to commence.
However, the North Raumati section of the hazard assessment with its quasi-stable
shoreline, the MPR and several isolated private protections works was particularly
complex to assess was not completed in the 2008 report. In particular, completion first
required a council policy directive regarding the longer-term recognition of these private
structures. The SDM should provide information that will assist council in formulating
such policy. In addition, the subsequent extensive shoreline investigation carried out as
part of the present MPR end-effect investigation, as well as the anticipated results from
the SDM, will provide additional information that can be incorporated within the erosion
hazard assessment to provide improved predictive accuracy.
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4.4 Monitoring and data acquisition
Each of the management programme parts detailed above (Section 4.1, 4.2 and 4.3) have
monitoring/data acquisition requirements and these will now be addressed separately.
4.4.1 Replenishment monitoring
(a) To determine the cross-shore location of trigger points, and their future adjustment in
keeping with any underlying systematic erosion, there is a need to monitor the shoreline
beyond the MPR-affected reach. Annual monitoring should be sufficient to detect such
erosion, with the options being ground surveys (see Section 4.4.2c below) along the top
and base of the dune embankment, high resolution aerial photography, or direct
measurement from shoreline marker posts (monuments). The former involves personel
untrained in feature detection and can lead to interpretation issues. Aerial photography
provides suitably detailed data and has the advantage of extending the survey on around
the foreland at little extra cost, thereby providing information for future testing/updating
the SDM (see 4.4.2 below). Shoreline monuments are cheap and can provide objective
detail unavailable with instrumented ground or aerial surveys. It is recommended that
high resolution aerial photograph together with monument monitoring be trialed
(b) Records should be kept of details for each replenishment including date, source,
volume, placement location/method, and contractor. File Notes should also record the
apparent fate of replenishments so effectiveness can be related to placement
characteristics and weather and sea conditions.
(c) Ongoing visual observation will be required to determine when trigger conditions are
being approached and replenishment planning thus activated.
(d) Consideration could be given to an instrument-based survey programme covering the
MPR and replenishment area. Options include surveying key cross-shore profiles using
standard theodolite technology, or surface surveys using the new GPS-RTKS technology
(see below). However, ongoing instrument-based surveys and analysis to yield useful
information are expensive and the purpose for acquiring such data, and the design of the
research (timing, coverage, method of analysis etc) must first be well defined. Given the
range of process influences including sediment supply variation, structures and
replenishment, operating in the vicinity of the MPR, a concentrated data-acquisition
programme would be needed to try separate out the various effects. Recall that the
existing profile data was found to be quite inadequate for defining the revetment effects
in Section 3.3.1.
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4.4.2 Sediment dynamics modelling (SDM) data requirements
For the SDM to be most reliable in terms of the approximate size and likely arrival time
of sediment pulses and troughs at critical coastal locations, it is necessary to input
comprehensive and accurate contemporary information, and then regularly update and
test as future survey data becomes available. Survey options consist of aerial
photography, LIDAR, ground surveying, and bathymetric sea-bed surveying.
(a) Aerial Photography
Aerial photography was the main source of shoreline data used in the 2008 erosion
hazard assessment and it is also the main source of data to be used in developing the
SDM. Future annual photography is required for the replenishment programme (see
4.4.1) and as noted above, surveys can be extended around the foreland (if flown at low
tide when inter-tidal/sub-tidal morphology is evident) to provide cost-effective data for
general testing and update of the model. However, while aerial photographs provide high
spatial resolution, they only provide relative elevation so actual volumes of sediment are
unknown. Having said that, it is possible to acquire 3D data from high resolution aerial
photographs using stereo photogrametry. However, this approach is usually more
expensive and less accurate that LIDAR (see below).
(b) LIDAR
Light Detection and Ranging (LIDAR) refers to airborne laser scanning which provides
high resolution surface data over extensive areas. LIDAR is a relatively new technology
that is unsurpassed at defining and quantifying large-scale coastal sand bars and defining
other geomorphological features such as sand dunes. Some aerial surveyors provide
photos at the same time as capturing the LIDAR and this assists with interpretation. It is
now over 5 years since the initial coastal LIDAR was collected for the KCDC so
discernable (3D) change should be evident in a resurvey
(c) Ground surveys
Since the 1970s, beach profiling has been carried out on the Kapiti Coast by, or on behalf
of, various government agencies (see CLS, 2008b). Data collected prior to the
establishment of the Regional Councils in 1992, had been collated by the Manawatu
Wanganui Catchment Board and was subsequently forwarded to the Greater Wellington
Regional Council by Horizons Regional Council. However, these data have subsequently
been lost.
Since the 1990s, the KCDC has surveyed several transects around the foreland at about
two yearly intervals and at about 1 km longshore spacing using electronic theodolite. A
useful data-base has been established for determining, for example, profile envelops and
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average foreshore slopes which are useful in erosion hazard analysis and in the design of
protection works. However, to define and track larger-scale sand bodies/shoreline
change, or to monitor the surface response to specific erosion management works, more
frequent ground surveys are required at closer spatial sampling density than the existing
KCDC survey programme allows. While such a programme would be very expensive
using the previous electronic theodolite-based approach, recently a much more
sophisticated GPS-based technology referred to as Real Time Kinematic Surveying
(GPS-RTKS) has become available. This system is accurate, mobile and able to map at
high spatial sampling density. While LIDAR is expected to be more viable and economic
for large coverage (typically sampled at longer-time intervals), if required, GPS-RTKS
systems could be used to provide accurate shorter-term surface data in critical areas.
(d) Bathymetric Surveys
Surface data seaward of the inter-tidal beach are required to detect, quantify and track the
submarine extension of the large sand bodies we expect are responsible for causing the
crucial medium-term shoreline fluctuations. The most cost-effective and accurate method
is based on GPS-sonar (echo-sounding) technology. Alternative methods consist of using
breaking wave patterns on aerial photos to infer submarine topography (qualitative data),
or bathymetric LIDAR which provides accurate, albeit very expensive, data. Suitable
aerial photography should be available from the replenishment programme and SDM
monitoring, so these, coupled with an occasional GPS-sonar survey to assist with
interpretation and enable volumetric analysis, are the preferred methodology. Note that
the previous bathymetric survey was carried out in 2000 so another survey is well
overdue.

(e) Recommendations for the large-scale long-term sediment dynamics model (SDM):
• That a bathymentric survey be carried out between Waikanae and Marine
Gardens;
• That a LIDAR survey be carried out between Waikanae and Marine Gardens;
• That annual high resolution aerial photography be carried out under optimum
conditions for inter-tidal and subtidal feature detection between Waikanae and
Marine Gardens;
• That the need and nature of ground surveys be based around the other types of
survey.
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4.4.3 Alternative erosion management information
Data required for the MPR-associated replenishment programme and the SDM will
provide much of the morphological information necessary for assessing and progressing
the erosion management alternatives including managed retreat, soft and hard protection,
and hazard assessment/zoning.
In addition, accurate hydrodynamic data is required for coastal flood and erosion
protection design. To date, NIWA (2000) have provided basic wave model output, with
MetOcean Solutions Ltd (2007) subsequently providing more sophisticated wave model
output and design statistics (return periods) for both waves, tide, storm surge and their
associated joint probabilities. However, to enable the model’s output to be used with
confidence, calibration with several months of instrumental data is required. Note that
this is particularly important on the Kapiti Coast as the island makes for complicated
wave deformation that modelling alone may have difficulty reproducing.
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5.0 RECOMMENDATIONS
1) That sand replenishment be carried out along a 150 m zone immediately south of
the Marine Parade Revetment in accord with sand placement, dune management
and trigger conditions detailed in (yet to be finalized) Erosion Management
Guidelines;
2) That alternative terrestrial and marine sources of replenishment sand be
investigated;
3) That reinstatement of the foredune beyond the replenishment zone be encouraged
as a council-community initiative;
4) That large-scale, long-term sediment dynamics modelling (using available
historical data) be completed. This study is designed to assist in predicting future
shoreline behaviour for use in erosion management investigations;
5) That investigations into the alternative erosion management approaches described
in the report be undertaken; these include modification of the Marine Parade
Revetment, updating erosion hazard assessment for North Raumati and
implementation of erosion hazard zones within the District Plan. These
investigations should also consider future impacts of varying sediment supply and
climate change.
6) That the stipulated monitoring required for the replenishment programme, the
sediment dynamics modelling, and the investigation into alternative erosion
management approaches, be undertaken.
7) That application be made for relevant resource consents.
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CONSULTANT DISCLAIMER
Coastal Systems Ltd (CSL) have prepared this document for exclusive use by the Client
or Recipient identified on the cover sheet. The use or reproduction by any means of this
Work by third parties is prohibited without written permission from CSL, and CSL
accepts no responsibility for consequences of such usage or associated actions.
CSL shall retain intellectual property (including derived data, methodologies, illustrations
and concepts) and copyright in all drawings, specification and other documents prepared
by CSL. The Client shall be entitled to use them or copy them only for the Works and
the purpose for which they are intended. Without written permission from CSL
the Client shall have no right to use any of the prepared documentation/information until
the final Work is completed and paid for.
CSL have exercised due and customary care in preparing this document, but has not, save
as specifically stated, independently verified information from stipulated outside sources.
CSL assumes no liability for any loss resulting from errors, omissions or
misrepresentations made by others.
Any recommendations, opinions or findings stated in this report are based on
circumstances and facts as they existed at the time CSL performed this work. Any
subsequent changes in such circumstances and facts may adversely affect any of the
recommendations, opinions or findings, and CSL assumes no consequential
responsibility.

COASTAL SYSTEMS LTD
Hazard, Management and Research Consultants

…………..………………………….
Dr Roger Shand
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