Downloaded from search.informit.org/doi/10.3316/informit.258807266200284. on 05/05/2026 12:00 PM AEST; UTC+10:00. © Coasts & Ports 2003 Australasian Conference : Proceedings of the 16th Australasian Coastal and Ocez

Coasts & Ports Australasian Conference 2003

GRAVEL BEACH RENOURISHMENT:
AMBERLEY BEACH, CANTERBURY, NEW ZEALAND

Derek Todd
DTec Consulting Ltd, 36 William St, Prebbleton, Christchurch, New Zealand. dtec@xtra.co.nz

Abstract: Amberley Beachisasmal settlement located behind alow mixed sand and gravel beach ridge a
the northern end of PegasusBay, Canterbury. Over thelast fifty yearsthe beach changed from accretionary
to erosiond dueto alack of gravel sized sediment supply. Sediment losses and ridge height reductions
resulted in the settlement being inundated and evacuated during acoastd sormin 1992. Asaresult the
loca community constructed a beach renourishment dong 250 m of the settlement beach frontage. The
purpose of this renourishment was to raise the eevation of the beach and reduce the threat of erosion to
property. Thismeasure hasworked well and prevented any further inundation of this part of the settlement.
However, continued eroson and lowering of the beach ridge height dong the remainder of the settlement’s
coastd frontage resulted in the community in 2002 |obbying the Didtrict Council to undertake further coasta

protection works. Following consultation on the possible options and funding issues it was decided by the
community that the best solution was to undertake afurther renourishment. The designinvolved importing
of 8,000 n? of gravelsto raisethe beach crest elevation by upto 1 mover a1.1 km length of beachin front
of the settlement. A local grave extraction company made availableto the community the required materid

at a subsdised rate. Resource consent, required under the Regiond Coastd Environment Plan, were
lodged in 2002 and granted in early 2003. The congtruction of the renourishment is scheduled for July

2003, followed by re-vegetation by the community.
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INTRODUCTION

Amberley Beach Settlement is a small coastal community located at the northern end of Pegasus Bay,
between the mouths of the Kowai and Waipara Rivers, North Canterbury (Figure 1). The settlement
comprises of amixture of holiday baches and permanent residences, with total assetsvaued at aminimum
of $34 million. The dwellings, dong with public roads and a golf course located 1 km north of the
Settlement are located immediately behind the beach ridge on alow lying coastal plain comprised of former
beach ridges and swales, which was laid down in the last 6500 years. The beach is narrow, being only in
the order of 50 m from the landward toeto themd contour, and theridge devationislow, being only 4-5m
above md.

The beach isan open, high energy coast composed of mixed sand and gravel sediments, being classified as
sandy Gravel with mean grain Sze of 2 mm in the swash zone and 5.5 mm on the upper foreshore. While
this sediment sSze is not typica of Pegasus Bay, which is predominantly comprised of sand beaches, it is
typicd of beachesfound aong much of the Canterbury coast. The contemporary source of gravel onthese
beaches is from loca gravel bearing rivers, however much of the beach deposit is considered to berelic
deposits from a period of higher fluvid activity. Current grave input from the nearby Waipara River is
considered to be only in the order of 14,000 nv/yr (Hicks, 1998).
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Figure1. Location of Amberley Beach

The beach environment is used for a variety of recrestiond activities including walking, jogging, fishing,
svimming, and ‘off-roading’ by motorbikes and four whed drive vehicles. A public carpark islocated on
the beach ridge and backshore at the south end of Chamberlain Ave. This carpark is 125m long and
comprised of compacted clay fill placed over the beach materia. At the northern end of the settlement isa
smadl coagtd lagoon, which isdrained by twin pipe culvertsthrough the beach. However, dueto the nature
of the beach, these culverts are often blocked and require manud clearance on a3-5 year basisto dleviate
potentia flooding.

| ssues

During a coasta storm in August 1992 large volumes of seawater overtopped the beach ridge a the
Amberley Beach Settlement resulting in severa houses being inundated and the settlement being evacuated
by Civil Defence. Thiswasthefirst time that beach overtopping and inundation had been recorded at this
location, which had been considered to be astate of long-term accretion and not proneto coastal hazards.
Investigations following the August 1992 storm event reveded that the beach had possibility revertedto a
long-term erosiona state with associated beach volume losses and assumed reductions in beach ridge
elevations. Theeffectsof two previousstormsin April and May were dso conddered to have sgnificantly
weskened the beach state prior to the August storm.

Public concern over the inundation resulted in a number of public meetings on the cause and possible
solution to the problem. As a result the community decided in early 1993 to undertake a smdl-scale
renourishment of 250 m of beach and to fence the beach to exclude vehicle access. While these measures
appeared to be successful with no further inundation occurring a this location, the remainder of the
settlement’ sbeach frontage continued to suffer erosion, particular in sscormsduring 2001 and 2002, the most
recent of which aso resulted in some beach overtopping. While no houses were inundated, there was
damageto roading and loss beach vegetation. The existing renourishment also suffered eroson, and wasin
need of injections of additiona sediment to retainits ability to provide adequate protection from inundation.
Again there was concern from residents at the coastd hazards facing the settlement, resulting in renewed
calsfor coagtd protection works to prevent both erosion and inundation.
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SHORELINE CHANGES

Worthington (1991) reported that Amberley Beach accreted 41 m from 1862 to 1988 at an average
rate of 0.32 m/yr. However, abreak down of this 126 year period as part of the investigations for the
initid 1993 renourishment indicated that the rate of shoreline advance had dowed down since at least
1950, and that the beach had possibility reverted to an erosond phase sincethe late 1960°'s. These
trends are shown in Table 1.

Table 1. Amberley Beach Shoreline Movements: 1862-1988

Period Years Net Change (m) Change Rate (m/yr)
1862-1950 83 +40.6 +0.46
1950-1968 18 +35 +0.19
1968-1983 20 -3.9 -0.20

A smilar trend of decreasing accretion rates since the 1950' s was dso found a Lethfied and Waikuku
Beach settlements nearer to the centre of Pegasus Bay, however these beaches had not converted to
erosiond in the 1970'sand 1980's.

Changesin shordine position determined from annua beach profile surveyssince 1991 show that Amberley
Beach has continued to erode over thelast decade, with therate of retreat beingintheorder of —1.0miyr,a
five fold increase in the rate of retreat from the previous 20 year period. The beach profile data also
reved ed that beach volumes have decreased over thelast 10 years, with the averagerate of lossabove md
a the Golf Club being —6.5 n/miyr, and atotal loss of 35% of the initid 1991 survey volume. Beach
profile surveysfollowing the 2002 storms showed that beach ridge e evations a ong the un- nourished part of
the settlement beach were only an average of 4.2 m abovemd, and at the northern end were generdly less
than 4 m above md. Based on past experience and run-up modeling these elevations were considered
inadequate to provide protection againgt future wave overtopping and inundation of the settlement.

Thefuture prognossfor Amberley Beachisthat it will continueto retreat and that sorm eventsarelikely to
become more damaging as sediment volumes decrease. Long-term accelerated sea leve rise associated
with globa climatic warming isadso likely to further increase the eroson rate, with the estimated additiond
increase over the next 50 years being in the order of -0.4 m/yr, resulting in net eroson ratesof upto-1.5
m/yr. Thiscompareswd | with theresults of Hicks (1993), who from shoreline modd ling of acombination
of the possible climate change scenarios predicted ashorelineretreat of around 70 m at Amberley Beach by
the year 2040.

The 1993 Renourisnment

The mgority inundation in the August 1992 storm occurred on the south side of the beachfront carpark. In
this areathe storm resulted in ridge crest retreat of 5 m, volume losses above md of 13 m*/m (11% of pre
storm total), and post sorm ridge eevations were only 4-4.5 m above md. The resulting renourishment
involved placing 4,800 m3 of grave, obtained from a nearby pit, as a crest cap on the back of the post
sorm ridge crest over a250 mto raisetheridge height to 5 m above md. Thisrenourishment wasaprivate
work, with the material being supplied, transported and placed on the beach free of charge by alocd

contractor, and post renourishment planting being undertaken by theresidents. No resource consentswere
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required under the Resource Management Act (RMA, 1991) as the placement of al material was above
MHWS, and the Canterbury Regiona Coastal Environment Plan (RCEP) had not been notified at thistime.

The placement of the renourishment materid behind the existing crest was congdered to be more effective
a retaining sediment than placement on the crest, as the new material would only be worked during slorm
events, and hence would require less initid maintenance. As aresult, the position of the beach crest was
relocated from 1-6m landward of its post storm position. In association with this, the back-dope of the
renourished beach was re-graded to a stable dope of 1:8. The pre and post renourishment profiles are
shown in Figure 2 dong with profiles from an un-nourished site a the Golf Club. A comparison between
thetwo Stes showsthe success of the renourishment at dowing down the crest retreat, however theongoing
retreat of the lower foreshore and need for the additional of further materid is aso clearly evident.

Existing Renourishment (ECan site 4682)

Elevation
o r N W A o O

-10 -5 o] 5 10 15 20 25 30 35 40 45 50
Distance

— — — - post1992

enourishment

Amberley Golf Club (ECan site 4859)

— — — - post1992

Figure 2. Comparison of profiles at 1993 renourishment and Un-nourished beach

POSSIBLE SOLUTIONS

The possible lutions to ded with the threst of eroson and inundation e Amberley had to meet the

following criteria

=  Meset theperceptionsof the beach settlement community in providing adequate protection. Thedo-
nothing option was not consdered a legitimate option by the beach settlement community.

= Meet the requirements of the RMA, the New Zedland Coastal Policy Statements (NZCPS), and
the RCEP to avoid, remedy, or mitigate any adverse effects of the proposed protection option.

= Be affordable to the local beach community as the Hurunui Digtrict Council (HDC) had deemed
that generd council rates or reserves could not be used to fund protection works which were only
of local benefit, and regiond or central government subsidiesfor coastal protection works are not
available. A council controlled discretionary fund for use in the Beach Settlement, which dated
from when the settlement was free-holded, was available to fund the works. This fund totaled

around $70,000.
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A summary of potentid protection options and the issues associated with each one were presented to the
beach settlement community at a public meeting.

Renourishment option

The principle of beach renourishment on gravel beachesisto use sediment of smilar or dightly coarser grain
sze then the native materia to add volume and height to the ridge crest of the beach. This technique has
been used in aprevious gravel beach renourishment in Canterbury (Kirk & Weaver 1985). Theuseof this
szed materid and the establishment of stable upper foreshore and backshore dopesand profile shapeswill

result in adower erosion rate, and the additiona height will reduce the threat of wave overtopping. The
advantages of a renourishment option included that there would not be any local increasesin erosonasa
result of the structure through wave reflection, refraction or sediment starvation, the natural erosion of the
renourishment provides materia to the down drift coast, and that the end result was a beach, therefore
naturd character and amenity values under the RMA are satisfied.

Themgor disadvantage of renourishment werefinding alocd supply of suitable Szed materid so that costs
were minimised, and that there would need be a regular on-going supply of additiond meaterid to offset
natural losses and maintain the desired level of the protection. Inthisregard, the project wasfortunate that
Christchurch Ready Mix Ltd, aconcrete firm who operate agravel extraction pit within 1 km of Amberley
Beach, offered the use of their screened tailings for use in the renourishment at cost of excavation and
trangport (approximately $3/m compared to commercia rates of $10/m). In 2002 the tailings stockpile
included 19,000 m® of materid in the sizerange 6-40 mm, and with Ready Mix holding a35 year consent to
mine the pit, there was consdered to be ample materia meet both theinitial and on-going requirements of
the renourishment.

Hard engineering options

The hard engineering options considered included a rock revetment, a concrete seawall and an atificid
offshore reef. The revetment and seawal options were rgjected due to the potentid adverse effects of
increased foreshore volume losses in front of the structure, increased erosion at the end of the structure
resulting in possible outflanking of the structure, and loss of natural character and amenity vaues of the
beach. These options were aso rgected on the grounds of cost compared to the renourishment option.
While an artificia offshore reef was not considered to have the same potertid adverse effects, it wasaso
consdered too expendgve for the loca beach community.

RENOURISHMENT DESIGN CONSIDERATIONS

Once the beach settlement community decided that beach renourishment was the most cost effective and
environmentaly friendly protection option to pursue, various design options for the renourishment were
consdered. These induded the following for the un-nourished part of the beach frontage:

» Increasing ridge crest devation up to aheight of 5m above md, with foreshore dopesin the order
1:4, a2 mcrest cap, and backshore dopesinthe order 1:7. All materia to be placed landward of
bottom the exigting erosion scarp, which is generaly above the 3.5 contour, hence the new crest
position will be on average 4-5 m landward of the top of the existing erosion scarp. The tota
volume required was estimated to be around 6100 nv over 700 m length.
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= Ragng the height of the crest cgp to 5.5 m above md to offer additiond protection from wave
overtopping and inundation. This would have required an initid renourishment input of around
10,700 n?® for the 700 m length.

= Locating the renourishment 5 m further seaward such that the crest cap position wasthe same as
the top of the exigting erosion scarp. This would have required an initia renourishment input of
around 10,000 i for the 700 m length, and a higher on-going maintenance requirement.

For cost reasons the community chose the first design option. Representative profiles of this option
compared to be existing beach are shown in Figure 3.
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Figure3: Proposed renourishment design compared to existing un-nourished beach

For the maintenance of the exigting renourishment, which as shown by the profilein Figure 2 hasretained its
origind devation, it was decided that al additional materia be placed to re-establishthe origina 1:4 upper
foreshore dope and not to disturb the existing established vegetation located on the crest cap and
backshore. Thiswould involve the placement of around 600 n® of materia over a 250 m length, with dll
materia be placed above the 3 m contour, hence only being acted on by wave run-up in torm events. As
for the un-nourished part of the beach, the dternative design of increasing the crest devationto 5.5 mwas
not considered judtified.

For the carpark section, the compacted nature of the materia presents alargely impermesble barrier to
wave run-up, resulting in less disspation and more reflection of wave energy back on to the foreshore,

hence increased foreshore erosion and scour of the toe of the car park. The erosion of this fine sized
materid from the car park and placement on the foreshore further compounds the problem by filling the
pore spaces in the beach, therefore reducing permesbility, resulting in increased run-up and frequency of
wave atack on the car park. It was considered that the best way to address the issues at this stretch of

beaechistofirs removethefill materid from thefront of carpark and replace with imported beach gravelsto
form an appropriate beach profile. Thiswould involvetheremoval of around 700 m® of fill materia and the
replacement with around 900 i of imported gravelsto form beach profileswith 1:4 front Sope, 2 mwide
crest cgp at an eevation of 5m AMSL, and aback dope of 1:8 down tothe4 m contour. Thisprofilewill
result in the front of the new crest cap being located an average of 2.4 mlandward of the existing scarp top
as surveyed in August 2002 with an average gravel depth of 1 m at this location. The placement of all
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material would be above the 3 m contour and new materid would only extend an average of 2.6 mand a
maximum of 5 m seaward of the bottom of the existing scarp. Representative profiles of this design
compared to be existing carpark profilesare shownin Figure4. Aswith the other sectionsof thebeach, the
dternative design of increasing the crest elevationto 5.5 mwas not consdered justified. A smal car park is
to be re-established landward of the beach profile.
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Figure 4: Renourishment design at existing beach ridge carpark

The total volume required for the preferred design was estimated to be in the order of 7,600 m®, with the
estimated cogts of obtaining the necessary resource consents, placing thisvolume of materid, the purchase
of appropriate plants for re-vegetation being in the order of $50,000. Sincethiswaslessthan the vaue of
the council discretionary fund available to the beach settlement community, hence was seem to be the most
desirable option by the locd community.

M aintenance Requirements

Based on past eroson and future projections, the volume required to maintain the renourishment is

estimated to bein the order of 1rm?/m per year. Hence over the 1100 m length of the renourishment, annua

requirementswill bein the order of 1100 n?. However, whether theselosses occur in any oneyear will be
dependent on the frequency and magnitude of coastd stormswithin the year. Itisconsdered that it isnot
practical or economica to undertake maintenance on an annual bass, therefore it is proposed that

renourishment be undertaken on a3-5 yearsbasis, which woul d involve the placement of 3500 m® to 6000
nt each time. The community decided that the funding for this on-going maintenance should comefroma
gpecia rate on the properties owners of the settlement, with the amount required per property beinginthe
order of $35-$40 ayear.

RESOURCE CONSENT PROCESS

Although the renourishment was to be located above MHWS, aresource consent was required under the
Canterbury RCEP as the |ocation within acoastd hazard zone, and the activity would affect the magnitude
of coastd hazards. For reasons of time and costs, the loca community was very keen to that project
proceed as anon-natified application, hence avoiding the need of apotentially expense and time consuming
heard and potentid gppeds. For this to occur, the application had too satisfy the dud criteria, that al

adverse effects of the proposed activity would be no more than minor, and that al potentially affected
parties had given their written approval.

In assessing the potentid effects, the mgority were found to be positive, naturd character and amenity

vaues would not be compromised, with the only adverse effects considered to be minor and short-term
during condruction. A summary of the proposed renourishment was circuited to al landowners at
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Amberley Beach together with formsfor the Written Approva of PersonsLikely to be Aversdly Affected.
Of the 105 rateable properties at Amberley Beach, Affected Parties formswere returned from 70. Only
two returns expressed opposition to the proposal, and thiswas on funding issues not the need for, or design
of the renourishment. Meetings were held with members of thelocal Runanga (who was aso an adjoining
landowner) and the Department of Conservation to discussthe proposa. Both of these groups supported
the use and design of the renourishment, and gave their written approval to the proposd.

The consent gpplication was|odged with the regiona council (ECan) on December 2002, was considered
appropriate to be treated as a non-notified gpplication, and was duly granted in February 2003. Theterm
of the consent was for 20 years, with the conditions mirrored those proposed in the application, being for
design, congtruction, access, planting, monitoring and maintenance. Monitoring requirementsinclude four
beach prafiles through the renourishment, to be surveyed immediately following construction and annualy
theresfter for the term of the consent.

CONCLUSION

The Amberley Beach renourishment is seen asagood example of what can be achieved with positive loca

community involvement in the decison making for coastal protection works. At the time of writing, the
community eagerly await congtruction of the renourishment, which is planned for July 2003, followed by a
community beach re-planting programme.

The 20 year term of the consent for the renourishment together with therating arrangementsfor maintenance
requirements, gives the current and future landowners some guarantee that the quality of protection from
coastd hazards will not be compromised within thistime. Following this, the community will again haveto
decide what level of protection they want and how they may pay for it. By thistime, knowledge of climeate
change, sealeve and their associated effects on coastline stahility is likely to be considerably advanced,
which may change the outcome of the decision.
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