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ABSTRACT

The history and processes responsible for the devalopment of
the “Golden Coast” have been investigated in the field and from
a study of cadastral plans and aerial photographs, From c. 4000
B.C. to A.D. 150 the "Golden Coast” advanced as a result of an
abundant supply of littoral drift from northemn sources. The pre-
sent trend of erosion at Paekakariki and Raumati commenced
between A.D. 150 and 1874 with severe erpsion occurring episod-
ically and not periodically. From 1874 to 1975, 25% of the coast-
line has shown net retreat resulting in 18—60 m loss of foredune
at Paekakariki and 23—37 m at Raumati. By contrast the shoreline
has shown net advance of 171-195 m at Parsparaumu and 49 —
171 m at Waikanae. During this period advance and retreat have
alternated eratically with maxima of 50 m retreat recorded at
Paekakariki and Raumati, and 40 m at Waikanae.

Matural causes of erosion include the growing cuspate fore-
land at Paraparaumu, and attack by severe episodic storms from
the northwest quadrant. Man-induced causes include construction
of State Highway 1 south of Paekakariki in the late 1930"s and a
seawzll at Paekakariki and Raumati in 1955-53 and 1976-78.
Coastal erosion along the "Golden Coast® is a natural process.
It became a problem when the foredune was first subdivided in
1906.
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INTRODUCTION

Betwesn 1906 and 1923 coastal subdivis-
ions of public land wers made between Pae-
kakariki and Waikanae (fig. 3) along the
*Golden Coast” (fig. 2). Property boundaries
and dwellings were allowed to encroach onto
the foredune at Paeskakariki and Raumati re-
gardiess of a previgus record of erosion and
accretion (Appendix 1). By contrast the first
subdivisions at Paraparaumu and Waikanae
allowed a buffer-zone between the seaward
property boundaries and the beach. In recent
years, however, development has been allow-
ed to extend onto the fragile foredune at both
Paraparaumu and Waikanae. As a conseguence
of developing the foredune the natural process
of coastal erosion is now a very real threat to
property owners along the "Golden Coast’.
Protection of property and assets has become
a paramount issue.

The first protaction works were constructed
between 1955 and 1959 under the supervision
of Mr L S Donnelley, enginzer to the Hutt
County Council. A total length of 1,700 m
(84 chains) of rail and brush longitudinal pro-
tection work was constructed along the toe of
the foredune at Paekakariki and Raumati
Stimulus for this work was provided by eros-
ion of 2-=3 m of foredune during a severe
storm on 10—11 July 1954, and by further
erosion during another storm on 12—-13 Oct-
gber 1957 (Donnelley 1953). Since 1955, the
foredune immediately south of the protection

work at Raumati has continued to retreat. The
beach in front of the protection work has pro-
gressively narrowed so that by 1976 MHWM
was al the base of the seawall.

On 11-13 September 1976 a storm surge
generated by a slow moving deep depression
(370 mb) centred about 5—7N0 nautical miles
west of Cape Egmont destroyed most of the
protection work. Unprotected parts of the
‘Golden Coast’ lost up to 6 m of foredune. At
Raumati. however, lower beach levels allowed
the full force of the seas to ramp into the sea-
wall and foredune, eroding w to 15 m. One
house was destroyed and 30 others threatened
(fig. 1A). In response the Kapiti Borough
Council has constructed a continugus treated-
timber seawall at Raumati and Paekakariki
(fig. 1B). It is back-filled with weathered
greywacke and is constructed a few metres
sesward of the 1955-59 protection works.
Depending on beach levels wvertical posts
extend about 2.5 m into the sand and planks
about 1 m. The wall is anchored back onto
existing steel posts. :

This paper describes shoreline movements
and retated coastal processes atong the "Gold-
en Coast” over the past 6000 y. In the light of
the facts presented here future trends are dis-
cussed together with long-term alternative
lines of action. In this context long-term
covers the next 50100 y, the expected life
of dwellings along the present foredune.

GEOLOGY

The ‘Golden Coast”™ borders a coastal
plain 2—4 km wide (fig. 8) of Holocene age
comprising belts of dunes separated by peaty
lowlands. The coastal plain lies at the foot of
a post-glacial sea-cliff cut in greywacke
(Adkin 1951; Te Punga 1962). It has been con-
structed over the past 6000—6500 y from long-
shore drift materials derived from sediment
sources as far north as Cape Egmont (Fleming
1865, 1972). Sea-level has been within 1 m
of present day level since post-glacial sea-
level rise stabilised about 6500 years ago
[J.G. Gibb,in prep.). Over the past 5000 years
the coast at Paekakariki has been uwplifted
2pproximately 2 m, evidenced by a raised
I;each of gravel exposed in the eroding fore-

une,

The developing cuspate foreland at Parz-
paraumu is forming in the ‘wave-shadow®
created by Kapiti Island which acts as a giant
offshore breakwater reducing wave energy
from the prevailing northwest waves {Codding-
ton 1972). Wave generated longshore currents
lose velocity as a consequence of this effect
and deposit most of their load to form the
cusp. The development of this feature is
causing adjustments in the position of the
shoreline and steadily constricting tidal flow
in Rauoterangi channel,

Shoreline Changes

Changes in the position of the coast during
the formation of the sand plain have been in-
vestigated both in the field and from a study
of cadastral plans and vertical zerial photo-
graphs. Findings are summarised on figs. 3
and 5 and in Appendix 1.

Holocene Shoreline Changes

Beach deposiis exposed by coastal eros-
ion near the post-glacial sea-cliff 200 m south
of the Centennial Inn, -Paskakariki, have a
radiocarbon age of 5140+90 years B.P.[NZ
519A) (Fleming 1965). - At Waikanae, woody
peats between the post-glacial sea-cliff and
the oldest dunes yielded dates some hund-
reds of years earlier [Fleming 1972). :The
oldest shoreline therefore, is the post-glacial
sea-cliff which generaliy follows the eastern
boundary of State Highway 1 (fig. 3). Based
on radiocarbon dates Fleming (1972) suggests
that the Waikanae coast was already accreting
befare the coast started building out at Pae-
kakariki. The inferred age of the sea-cliff
behind the ‘Golden Coast” therefore, is
BN0—5500 y (c. 4000 B.C.).
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A ridge of sea-rafted Taupo pumice between
the ancient sea-cliff and present day shore-
line is the next oldest shoreline (A.D. 150).
This ridge has been mapped in the field by
the writer and Sir Charles Fleming (fig. 3). Its
geographic position relative to the post-glac-
ial sea-cliff indicates a trend of maximum
accretion northwards from Paraparaumu be-
tween 4000 B.C. and A.D. 150 compared with
less accretion along the coast to the south.
This wend commenced after the sea cut the
post-glacial cliff.

Shells representing a third shoreline 700 m
irland from the present day coast at Waikanae,
(N156/575742), have been radiocarbon dated.
Sample R26/76 collected by the author gave
an age of 1130%50 years B.P. (NZ 4228A). It
was nol possible to map this shoreline (A.D.
B0O] further along the “Golden Coast’.

Historic Shoreline Changes

Shoreline displacements over the past
century were measured from cadastral plans
dating from 1874 to 1968 and aerial photo-
graphs dating from 1943 to 1977 held at the
Department of Lands and Survey district office
and Head Office, Wellington, respectively. On
cadastral plans, measurements were made
from plan to plan with proportional dividers,
using trig stations and property boundaries as
fixed points and for scale control., Measure-
ments from air photos were made according to
techniques described by Gibb {in prep. 1978b).
Rates and amounts of erosion and accretion

over the past century have been bulated for
eachitem (fig. 3) in Appendix 1. -

For all measurements, the seaward limit of
land vegetation was used as the reference
‘shoreline’. Rates of erosion and accretion
éherefnre, refer to loss and gain of the fore-
ung. -

Al Paekakariki, coastal erosion has result-
ed in a loss of 18—60 m of foredune between
1894 and 1977 (ltems 075076, Appendix 1)
and at Raumati, 24-37 m between 1874 and
1377 (Items 083-085, Appendix 1). From 1880
to 1377 accretion has resulted in 3 foredune
advance of 171—195 m and 49—171 m at Para-
paraumu (ltems 087-091, Appendix 1) and
Waikanae (Items 092—095 Appendix 1) respect-
ively. «

These changes (fig. 3) indicate a2 trend of
nel accretion over the past century for the
coastline between Paraparaumu and- Peka
Peka, whereas net erosion has occurred at
Raumati and Paekakariki. As expected accret-
ion has been greatest at Paraparsumu at the
apex of the cuspate foreland.

Shoreline changes since 1974 have been
determined directly from measurements made in
the field by the writer and from MWD surveys.
Presant trends are compared with the pattern
over the past century (fig.:5). Since 1975,
there has been a dramatic reversal from nst
accretion to erosion along the coastline north
of Paraparaumu. This reversal is recorded by
Comparative photographs along the undevelop-
ed foreshore at Peka Peka (fig. 4). -

FIG. 3 Shoreline changes along the "Golden Coast’ in geologic time and since early European ———%

colonization of the arez. Shorelines dated at 4000 B.C. and A.D. 150 are shown. Nst

erosion and accretion trends recorded over the past century are offset
shoreline. These changes are exaggerated in scale.
plans of first subdivisions are given for

from the present
Data are from Appendix 1. Dates and
each coastal settlement.



LEGEND

HET ACCRETION! MET EROSION

= %

PRESENT SHORELINE

e

#
H
-
]
-
.:'

-

o
o

by
"

L
Ve hla

SHORELIME CHANGES SINCE 1880 -

1
[ |
[ ]
I
SCALE EXAGGERATED BY & FACTOR OF B4 e H
]
- — SHORELINE A0 150 U6 v
—— —— —— SHORELINE £000 BC -
il i |
! . 1 , : . R ; " ot o1 WAIKAN.&IE
[Erman s — = — o

n b

095 _:__qukpwe Beach

A FRST SUBDNVIDED
“)®1 messta)
r

SCALE (KILOMETRES]

wy o

"

1
Ly
2 =
=
KAPITI ; ﬁ{,\
ISLAND O FIRST SUBDNVIDED
}}213 QP Laz2a) I
o umu Beach
< = l
e
ts.u PARAPARALIMU
=5
g \ _ :
N\, \Raumeti Begch
Rosh - \
: R/ FirsT susowipen

B0 (0P 7357)

o & Raumati
. e South |} =

OF 6570 etc. — DEPOSITED CADASTRAL PLANS 0OF FIRST
SUBDMSIONS OF PRNATE LAMD ALOMG THE COAST
HELD N LAKDS AND SEVEY OISTRICT OFFICE ,
WELLUNGTOM . COSSTAL OQUTLINE FROM NIMS 1 1
1:63360 . N160 , H 156 L N 157

& 080~ (TEMS

E——3 URBAN aREa

ora ¢ |ff PAEKAKARIKI
FIRST SUBONIDED

1907 [OP 8Ty
d 077
i 0754 L J






LEGEND

—2

cROOME COAST  T5%
T ACCRETING COAST T%
== STATIC COAST Ta%

FAOHM FIELD OBSEAVATIONS BY

LG w88
W -77

AND FROM MWD SURVEYS 157TL-TE
=ee PREVIOUS NET ACCRETION

--- PREVIQUS MET EROSAN

1 o 1 z 3 £ 5 1 7 &
e ———— |
. SCALE [IMILDME TRES] '_1##
o o
uf:;,'i"‘
ot
o
e
LS
o
oF

FIG. 5 A comparison of shoreline trends along the "Golden Coast’ si
trends (fig. 3). Note the dramatic reversal from a generzal
ergsion along the coast north of Paraparaumu.

-
-
.
“She
-. -
g Y
2ls
P
ap: *
b A
- T
53
= .
4 o
-
i~
-

nce about 1975, with historic
trend of accretion to one of



In summary, changes in the position of the
shoreline since about 4000 B.C. over the 27km
length of "Golden Coast” between Paekakariki
and Peka Peka, fall naturally into three signif-
icant time periods. Between c. 4000 B.C. and
A.D. 150, 100% of the shoreline advanced.
From 1874 to 1975, 75% advanced and 25%
retreated. From 1975 1o 1377, 7% advanced,
75% retreated and 18% remained static. The
trend of greatest accretion that has occurred
along the coast north of Paraparaumu, has per-
sisted over the past 6000—6500 years. The
trend of accretion south of Paraparaumu re-
versed 1o net ergsion between A.D. 150 and
1874. -This long-term reversal is substantiated
at Raumati by the occurrence of peat under the
beach and at Paekakariki, by the present-day
shoreline having retreated back to the approx-
imate position of the shoreline 5000 Years ago
(Fleming 1965). Dunes must have existed weall
seaward of the present-day shoreline between
A.D. 150 and 1874 at both localities.

Trends of Coastal Erosion and Accretion

Over the past century erosion and accretion
have followed an erratic cycle along most of
the ‘Golden Cpast’. These long-term trends
are shown graphically (fig. 6A). Fluctuations
in rates of erosion and accretion of the fore-
dune with reversals in trends are evident. The
maximum amount of erosion recorded at Pae-
kakariki (Item 076, Appendix 1) and Raumati

{Item 084, Appendix 1) is 50 m and at Waika-
nae 40 m (item 092, Appendix 1). By contrast,
most of Pamparaumu has no record of past
erosion up to 1975 (ltems 087091, Appendix
1). -

The nateral cycle of erosion and accretion
along the “Golden Coast® is therefore epi-
sodic and not perigdic. This factor makes it
difficult to predict future trends. -All that is
known at this slage is that the most recent
trend (1975—77) is resulting in about 75% of
the “Golden Coast’ undergaing erosion,

Short-term Beach Movements

Figure 6B illustrates short-term oscillations
of the beach over an 18 month period. Data
were selected from Pinfold (1977) and are an
analysis of surveys carried out by MWD be-
tween April 1974 and September 1976. During
this survey, 16 profile sites were established
between Paekakariki and Peka Peka and were
tied into the national Irig network. Both beach
and offshore profiles wers surveyed at monthly
and 3 monthly intervals respectively. Datum
3t each site is geodetic MSL {Wellington
Datum 1953),

Vertical and horizontal displacements at
the intersection of the beach with geodetic
MSL and MHWM, are given in Table 1 for the
range of material sizes (fig. 7) along the
"Golden Coast”.

EI'AHL.E 1 — Monthly and seasonal vertical and

horizontal displacements for the range of mean

grain size of beach sediments along the *Golden Coast’. Data are from MWD surveys

April 1974 to September 1975 and Gibb (1977). (phi. @ = —'log; diameter in mm}.
Fine Medium V. Coarse Granules &
Sand Sand Sand Pebbles
{28 o 38) (19 to 28) (0@ to —18) | (—19 to —5d)
Average Shore
Gradient at MSL 1: 65 1:30 1:15 1:10
Range of at MSL 0.4-1.1 0.8-1.0 0.7059 0.5-0.7
"u"gm::al
Displacements Profile
(m] Maximum 2.4 1.4 1.2 1.2
{MLWM)
Range of MHWM 10—38 415" 910 510
ngizanta! :
E;T“'“"'“E"L" MSL 24395 30-33 22-23 612
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FIG. 6 Graphs ot shoreline movements along the ‘Golden Coast”.

A — Cumulative erosion and accretion over the past century. Data from column G, Appendix
1. For location of items see fig. 3.

B — Monthly beach profile changes at Paekakariki (P. 2, item 077) Paraparaumu (P. 11,
item 091) and Peka Peka (P. 15, item 096) recorded by MWD surveys (Pinfold 1977). Map
locations of profiles are given in column C, Appendix 1. Profile areas are calculated
from the benchmark to MLWM (—0.9 m). Changes in area between successive surveys
are relative to the April 1974 profile cross-sectional area at each site.



Profile gradients at MSL increase south-
wards lowards Paekakariki as material size
increases aleng the "Golden Coast’ beaches.
Results in Table 1 show that both vertical and
horizontal displacements of the beach increase
with decreasing mean grain size. Furthermore,
displacements in all cases increase down the
beach towards MLWM. Erosion and deposition
of the beach fluctuate from site to site with
some profiles building up while others erode
(see fig. 6B). :During periods when beaches
are eroding the foredune becomes susceptible
to wave attack. Between December 1977 and
February 1978 persistant summer anticyclones
moving eastward across MNew Zealand have
resulted in deposition taking place along the
‘Golden Coast’ beaches. Fine sand (2-3d) has
migrated onshore from longshore bars.

Observations of beach behaviour during the
11—13 September 1976 storm surge and after
other severe storms disclosed that beaches of
material greaster than 2@ (0.25 mm) tend to
steepen in gradient. By contrast, material less
than 2@ is removed from the beach and trans-
ported offshore. This process of selective
sorting by heavy seas results in beaches south
of Raumati Beach comprising only coarse
material and dead shells after storms.

Sediment Source

Beach and offshore sediments were sampl-
ed and analysed according to technigues de-
scribed by Gibb (1977). -Both textural and
petrographic analyses were performed on
samples with the objectives of determining
sources of sediment and net longshore trans-
port directions. Data relevant to Wellinglon's
west coast including sediment analyses from
rivers discharging onto the coast are given in
Gibb (1977, 1978 a). Textural characteristics
are given for 'Golden Coast” beaches in fig. 7.

Several sources are recognised for "Golden
Coast’ sediment from petrographic data. Sand

is from two wolcanic sources [Egmont and
Ruapehu), a mixed source [Wanganui Basin]
and a greywacke source (Tararua and Ruahine
ranges). Gravel forming the beach at Paekak-
ariki is from the greywacke hills immediately
south of the sand plain (fig. B).

Sand is being supplied to the coastal
system from actively eroding sea cliffs be-
tween Wanganui and Cape Egmont and wvia
rivers discharging onto the coast between
Waikanae and Cape Egmont. Gravel, however,
is no longer being supplied to the coast from
the cliffs south of Paekakariki.

Sediment Transport

Sediment supplied to Wellington's west
coast from the above sources is transported
to the "Golden Coast’” mainly by a net south-
ward flowing long shore current. Several lines
of evidence support a net soputhward longshore
drift as far as Paraparaumu. Firstly, small,
round, black hypersthene andesite pebbles
are deposited at high tide mark as far south as
Paraparaumu (source — Ruapehu via Whangaehu
River}. Secondly, beach sand contains 2-10%
of minerals such as hornblende, augite, hyper-
sthene, magnetite and mica (source — Egmont
and Taupo volcanic zones). Thirdly, the
Waikanae River mouth always migrates south-
wards. Under low flow conditions a spil grows
acrpss the mouth from north to south diverting
the flow along the coast. This spit is con-
structed from longshore drift material.

Between Paekakariki and Paraparaumu the
net longshore drift is northwards. The main
evidence for this is the trend of decreasing
mean grain size and improvement in Sorting
northwards of material derived from the cliffs
south of the Centennial Inn, Paekakariki
(fig. 7A). Material coarser than 20 (0.25 mm)
is derived from this source and is found in
beach sand up to Raumati Beach (see fig. 7B).

FIG. 7 Textural characteristics of beach sediment along the “Golden Coast’. Mean grain size —’
{M,) decreases and sorting () improves along the coast between Paekakariki and Para-
paraumu (A & B). Negligible changes in textural characteristics occur northwards (C).
Frequency curves for KAP—6 and KAP—7 are typical for beaches up to Peka Peka and for
sediment comprising the nearshore seabed  along the 'Golden Coast™ (adapted from Gibb
1977).
9
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Direct measurements of longshore current
veigcity and direction were made daily be-
tween April 1974 and June 1975 by B volunteer
phservers along the "Golden Coastl’. Measure-
ments were made by casling a semi-sub-
mersible float into the surf and timing its
drift alongshore. Selected results from four
pbservers are given for the "Golden Coast’ in
Table 2. Daily observations were recorded on
a form designed by the author. An example of
observations made by an observer at Raumati
together with observation methods is given in
Appendix 2.

The observers” results show that during
the 14 month observation period an oscillatory
longshore drift was recorded at each site.
Mean velocities of 0.1 — 0.3 m.sec™! were
typical with maximum velocities of 0.6 — 0.9
m.sec | both north and south being recorded
by each cbserver. During calm sea conditions
velocities up to 0.2 m.sec”! were often re-
corded south of Paraparaumu indicating the
influence of tidal currenis along the beach.
At all sites the majority of observations re-
corded wavedirection as parallel to the beach.
Seas from the southwest guadrant generated
northward flowing longshore currents and
seas from the northwest quadrant, a current in
the opposite direction. During the 1113
September 1976 event debris from the “prolect-
ion works® at Raumati was spread along the
beach as far sputh as Paekakariki (see fig.
10d). Seas were from the northwest quadrant
at the time.

A sand bank made up of sediment with the
same properlies as the beach sands between
Paraparaumu and Peka Peka lies offshore be-
tween the cuspate foreland and Paekakariki
{fig. B8). The location and sediment properties
of this bank infer construction by a southwest
flowing current. As Kapiti Island reduces long-
shore current velocities in the vicinity of the
cuspate foreland, sediment is probably trans-
ported southward by tidal currents. Observat-
ions during this study show that dominant ebb-
tidal currents flow southwards, while sub-
grdinate flood-tidal currents flow northwards.
The bank is formed as a result of ebb-tidal
currents picking up a portion of the net south-
ward longshore drift material.

EROSION PROCESSES -

Several faclors operating within two diff-
erent time scales are responsible for coastal
erosion along the “Golden Coast’. These may
be broadiy grouped into first and second order
categories. The first category is of the order
of centuries and the second, of years.

First Order

The lack of sand of the same textural pro-
perties as that of beaches from Paraparaumu
northwards indicates that the beach between
Raumati and Packakariki is being starved of
the natural supply of longshore drift material.

TABLE 2 — Longshore current velocity and direction. Columns list number of chservations of
drift north [N} and south (S} along the beach. Measurements were made daily at
each site by observers between April 1974 and June 1375.
Localities and Drift Direction
Paekakariki Raumati Paraparaumu Waikanae -
(Galletly) [Liddicoat) (Hardy & [Young)
Coddington)
N 5 N 3 N 5 M_ S5
0 14 15 59 B89
0.1 92 B3 54 59 64 FA| 63 BO
0.2 45 49 47 59 44 83 56 4B
i 0.3 s 22 14 19 34 N 26 23
2 0.4 11 10 18 14 14 5 4 3
"El 0.5 8 9 14 4 9 1 B 3
= 0.6 B 2 1 — 1 2 3 1
= 0.7 2 2 1 - - - - 1
3 0.8 2 = < = - - 11
= 0.9 - = 1 1 - - = =
e 1.0 - - - e - - = E
Total
Observations 206 177 150 156 166 193 161 160
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The main cause of this is the growing cuspate
foreland. Over the past centuries rapid accret-
ion at this point has resulted in the foreland
becoming an effective groyne trapping long-
shore drift along the updrift (northern) coast
thereby starving the downdrift {southern)
coast. Quantities of sand that do pass south-
wards are being deflected offshore by the pro-
truding cuspate foreland to form an offshore
bank (fig. B). This sand is not being trans-
ported from this bank to the shore between
Raumati and Packakariki.

The second factor is the termination of the
supply of gravel from the greywacke hills to
the south to the beach at Paekakariki. At the
turn of the century this supply was partially
reduced with the construction of the “Mana-
watu’ Railway and completely terminaled in
the late 1930°s with the construction of State
Highway 1 along the coast between Pukerua
Bay and Paekakariki.

Second Order

Al Raumati and to a lesser extent along
the Marine Parade, Paekakariki, the situation
15 being aggravated by a seawal! on the active
beach. At high tide the newly constructed
timber seawall at Raumati is awash along
most of its length (see fig. 1B). It is con-
structed some metres seaward of the 1955-53
protection works (fig. 1A). The type and posit-
ioning of the structure reflects waves and in
S0 doing suspends fine sand, interferi ng with
the natural depositional part of the beach
cycle. Material less than 7@ (0.25 mm] dia-
meter does not settle permanently on the
beach. Only material coarser than 20 remains
(see fig. 7B, C) and the supply of this material
was terminated in the late 1930°s. These
factors result in a steady loss of beach mat-
erial in front of the seawall (fig. 9).

A wide beach is critical for protecting the
foredune from attack by the. sea. When the
beach is narrowed it is a natural process for
seas lo erode sand “stored” in the foredune

and re-establish an eguilibrium beach profile,
The permanent loss of the natural beach by
coastal ‘protection” means that the full forge
of storm waves will be greatest along the
‘protected” coast. This was amplified during
the 11-13 September 1976 storm surge when
up to 15 m of foredune were eroded at Raumati
compared with negligible erosion at Queen
Elizabeth Park, 2 km south (fig. 10).

Along the unprotected coast at Paekakariki
the foredune is most susceptible to ergsion
after prolonged southerljes. During these
conditions the gravel beach by Centennial Inn
is narrowed as gravel is transported north-
wards by southerly swells. If southerly con-
ditions are followed by storms from the north-
wesl quadrant, seas ramp across the narrowed
beach and erode the unprotected dune. |f
storms are accompanied by spring high tides
erosion is severe. During the September 1976
storm surge a wide gravel beach existed and
negligible erosion occurred (ltems 075079,
Appendix 1).

Finally, the present cycle of erosion affect-
ing 75% of the ‘Golden Coast’ is still con-
tinving. This cycle is charactericad by epi-
sodic storms of the nature of the September
1976 event. Similar storm events in the 1950°s
are recorded by Donnelley {1959). Slow moving
deep depressions centred west of Cape Egmont
provide the energy for erpsion. Very high seas
{3—14 m) are generated by storm force winds
from the northwest guadrant which push water
into the South Taranaki Bight. The only escape
route for this massive increase in volume is
the narrow throat of Cook Strait. The result is
a storm surge.

During the 1976 event, the normal driftwood
line along the beach was raised an average of
2.6 m along Wellington's west coast to be de-
posited on the crest of the eroding foredune.
Fifteen kilometres south of Paekakariki at
Pauatahanui Inlet, the storm surge raised
HWM an average of 0.72 m above normal,
Ships in the South Taranaki Bight recorded
11-13m swells and NW winds of 50 knots.,

FIG. 9 Beach profile changes along the 'Golden Cgast’. Note the distance of MHWM from the
seawall. Prior to construction of a seawall in 1955 beach profiles ap Raumati were
similar to those shown in Profiles 5 and 10. The reflective action of the seawall is re-
sulting in @ narrowing of the beach along the protected area.
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PROFILE 16 - PEKA PEKA (Unprotected)
From dune toe to MHWM is 25:5m(1976] and 68-5m197h)

PROFILE 10- PARAPARAUMU [Unprotected)
From dune loe to MWHM is 26m 11976) and 69m(1974)

PROFILE 7~ RAUMAT! BEACH (Protected)
From wall to MWHM is 3m{1976] and 13:5m (197%)

MWHM .
_,.M_“-:: _ i - 1
| Iljllll-ll.l..lmhhm.ll._m..“a & 14
e E—— 14
PROFILE B — RAUMAT| SOUTH (Protected) il
From woll to MWHM is Om(1976) and 1:5m(1974) _m KA 1ETRES
U._....._w._._.. S . . . —
1t.a-11 u; 0 TILLITICT 1 " i |n
il MAL p 5 W B 20 B
N.Wmlﬂml 1111 —_—— e —n e e
.. —
__.. From MWD, Surveys April 1974 lo
1|JE Sept, 1976, Each profile has “the

maximum elevation profile shown
and the Sept, profile after the
Sept 1976 storm surge,

For location of profiles see Fig 3.
and Appendix L.

PROFILE 5= RAUMATI SOUTH (Unprotected)
From dune toe to MWHM is 18m[1976) and 25m197)




DISCussion

The "Golden Coast’ shoreline is not stable
and is subject to fluctuations in erosion and
accretion of the order of 40—50 m. Past trends
suggest that the cuspate foreland at Parapar-
aumu is likely to continue building out owing
o an abundant supply of littoral material from
the north. As this continues, the effectiveness
of this feature as a giant ‘groyne” will increase
S0 that accretion can be expected to continue
2long the coast between Paraparaumu and Peka
Peka while the coast southwards toPaskakariki
is effectively starved of natural replenishment.
Cuantities of sand carried southwards by tidal
currents will continue to be deposited on the
sea bed and not on the southern beaches as
the cuspate foreland grows towards Kapiti
Island. The existing gravel beach at Paekak-
ariki is being steadily destroyed by abrasion
50 thal its present effectiveness in slowing
erosion will be reduced, The seawall at Pae-
kakariki and Raumati has been constructed on
unconsolidated sand. At both localities long-
term retreat of the foredune is outflanking the
fixed structures making them subject to in-
creasing attack by the sea.

The fact that the seawall assisis this pro-
cess by interfering with the depositional part
of the beach cycie is accentuating erosion, In
time, scour by wave and current action will
undermine and destroy the wall. The coastiine
will attempt to reach equilibrium by realigning
some 20 m landward of the present seawall,
Severe erosion at Raumati in September 1975
was an attempt by the sea to reach equilibrium
along this section of the coast.

Future Alternatives

Future lines of action that may be taken o
combat coastal erpsion problems fall into six
categories which are described in Appendix 3,

At Paekakariki and Raumati the lack of a
natural supply of littoral drift negates the use
of groynes or offshore breakwaters as effective
alternative long-term measures. The present
seawall must be regarded as temporary so
that future alternatives are either “no action’,

‘relocate develgpment” or “beach replenish-
ment” (Options 1, 2, § — Appendix 3). If no
further action s taken ([Option 1) then in
time the sea will destroy the seawall and
houseS™Tronting the beach. The cosis of re-
ocaling several million dollars worth of real
estate (Option 2) are probably exorbitant
which narrows the choice to either ‘no action’
or "beach replenishment”.

Artificial beach replenishment would
restore the natural supply of material to
the beaches at Paekakariki and Raumati
and have no harmful side effects along
the coast. If this was carried out then net
erosion of 0.2 — 0.4 m.y' at Raumati and
0.2 — 0.7 m.y at Paekakariki {Appendix 2)
would necessitate that the initial guantity
Placed on the beach, be added o annually to
Compensate for long-term losses. Incentives
for investigating the long-term feasibility of
artificial beach replenishment at Paekakariki
and Raumati are:

(1) Foredune would be protected by restoring
a8 wide beach to absorb wave energy.

(2) Seawa!l would be permanently maintained
and act as fast line of defence,

(3) Recreational asset of beach would be
restored.

(4) Swply sources of abundant material are
nearby (see fig. 11).

(5] If successful, properly values fronting
the coast would be restored.

At HRaumati, an abundant supply of fine
sand is available in the bank immediately
offshare (fig. 11). Sediment comprising this
bank has the same textural characteristics as
the beach sand between Paraparaumu and Peka
Peka (fig. 7). If pumped onto the beach at
Raumati, this sand can be expecled to adopt
similar profiles as the beaches between
Paraparaumu and Peka Peka (see P. 10 & P. 15,
fig. 8). Based on the gradient of Profile 16
(fig. 9) volumes of sand required to replenish
the beach along a 4 km stretch at Raumatj
have beencalculated such that geodetic MHWM
will be displaced seaward between 10 m and
BD m. Values are tabulated below:

Displacement seaward 10 20
of MHWM in metres

30 40 50 &0 70 80

5and volume required

0.16
m3 x 1p6

0.24

0.39 0.6 0.82 1.52 1.82
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KAPITI
ISLAND

LEGEND

BEACH DUMP POINTS

ISOBATHS 2m INTERVALS
DRAWN BY JG.GIBE FROM
MWD SURVEY DATA (19%]

EEACH TO BE REPLENMISHED
URBAN AREAS

BORROW ZONES

FOR SanD : PARAPARAUMU
FOR GRAVEL

A

‘AN
o » K

FIG. 11 Sources of sand and gravel for artificial beach

replenishment at Paekakariki and

Raumati. Possible dumping points are indicated so that quantities placed on the beach

canbe distributed alongshore by longshore currents.
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Based on a maximum seasonal displacement
of 38 m of MHWM for a fine sandy beach along
the "Golden Coast” (Table 1) the minimum
established beach-width should be no less
than 50 m. This would require an initial volume
of 820,000 m3 of fine sand. Less volume
would be required if a nearby source of coar-
ser material could be found. Surveys have
shown that seasonal horizontal displacements
of MHWM decrease with increasing mean grain
size of sediment along the “Golden Coast’
{see Table 1). Also material coarser than 29
(0.25 mm) diameter tends to remain on the
beach during storm attack whereas material
less than 200 is transported offshore. If sand
was placed at the points indicated at Raumati
{fig. 11) then oscillatory longshore currents
(see "Liddicoat’, Table 2) would spread the
volume along the 4 km stretch of coast.

At Paekakariki unweathered greywacke out-
crops close to the coast. A disused quarry by
Paekakariki railway station and active screes
above the railway line (sze fig. 11) are ready
sources of good beach material. Unweathered
gravels would survive constant abrasion for a
greater period than weathered material being
quarried at Paraparaumu for back-filling the
present protection work. If gravels from Pae-
kakariki were trucked and dumped onto the
beach by Centennial Inn and the Marine Parade
(fig. 11), longshore currents and wave action
would round gravels and distribute the volume
northwards along the beach (see "Galletly”,
Table 2). Calculations based on MWD beach
surveys at Paekakariki (Pinfold 1977) indicate
that over a 3 km length of coast from Cen-
tennial Inn northwards, 100,000 — 150,000 m3
of gravel would be sufficient to advance
MHWM uw to 20 m seawards. This would
adequately cope with seasonal displacements
up to 10 m (Table 1) of MHWM.

Since 1975 the past trend of accretion
between Paraparaumu and Peka Peka has re-
versed to rapid erosion of 2 m.y"! {Appendix
1). Whether this continues is largely depend-
ent on the frequency of episodic storms of the
severity of the 11-13 September 1976 event.
Two or three events of this magnitude would
result in complete loss of the foredune and
possibly secondary dune. The Meteorological
Office, Kelburn, advises that depressions
similar to the September 1976 event can form
at any time and follow no predictable cyclic
pattern. Along the ‘Golden Coast’, this factor
must emphasise the necessity in long-term
planning to always leave a sufficient buffer-
zone free of development between properties
and the beach. Although past trends are dom-
inantly accreting they have been accompanied
by severe erosional phases resul ting in up to
50 m retreat of the foredune.

CONCLUSIONS

1. The problem of coastal erosion along the
‘Golden Coast” commenced in 1906 with
development being allowed to extend ontg the
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foredune. This practice is still continuing
today.

2. Severe erosion is episodic and not periodic
along the ‘Golden Coast’ and resulls from

frequent attack by storms from the northwest
guadrant.

3. The present phase of coastal erosion
commenced at Paekakariki and Raumati between
A.D. 150 and 1874 and continues today with
maximum erosion of 50 m at Raumati and
Paekakariki_ and 40 m 3t Waikanae being re-

corded since 1874,

4. The main cause of long-term erosion at
Paekakariki and Raumati is the growth of the
cuspate foreland at Paraparaumu in the wave-
shadow of Kapiti Island. This feature prevents
fine sand from naturally replenishing these
beaches by trapping material along” the up-
drift (northern} coast and deflecting the rest
offshore south of Paraparaumu.

5. Man has contributed to erosion at Paekak-
ariki and Raumati by terminating the supply of
gravel to the beach at Paekakariki by con-
struction of State Highway 1 along the coast
south of Pzekakariki and by preventing de-
position of fine sand on the beach by con-
struction of reflective seawalls.

6. Maximum erosion of 15 m at Raumati during
the 1113 September 1976 storm surge com-
pared with 6 m along unprotected parts of the
‘Golden Coast® was directly due to the effect
of the seawall narrowing the beach at Raumati.

7. Coastal erosion since 1975 along the
accreting coast north of Paraparaumu is the
result ofattack by a number of severe episodic
storms from the northwest quadrant.

8. The frequency of occurrence of these
storms is unpredictable which means no part
of the “Golden Coast” can be regarded as per-
manently stable. Two or three events in
succession are likely to cause up to 50 m of
erosion along the “Golden Coast’.

5. Seawazlls at Paekakariki and Raumati will
not last and will eventually be destroyed by
the combination of long-term net erosion and
destruction of the natural beach.

10. Long-term (50—100 y) alternative lines of
action for combatting coastal erosion at
Raumati and Paekakariki are either *no action”
or "beach replenishment”. Further development
along the 'Golden Coast’ should allow a buffer-
zone of at least 50 m between properties and
the beach to allow for shoreline movements.
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MOTE: Rock revetment is _equivalent' to
timber seawall.
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