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EXECUTIVE SUMMARY

The Repot Summaryin Sction8 has been written
S0 ado alsoserve aghe Executive Summary
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GLOSSARY
Accretion:the seaward displacement of the shorelinglseachsand volume increases.

AEEAssessment of Environmental EffeGta report to accompany a resource consent
application which addresseBe actual and potential effects on the environmenttbé
activityand where theany sucheffects are likely to be significant, a description of
available alternativess included

Andesite:a volcanic rock of moderate viscosihat forms thick lava flows

Anthropogenic: changeresulting from human activityie manmade c.f. natural
processes

Astronomical tide the seaevelvariation controlled by lunar cycles (moon orbits).

Attenuation: following shoreline overtoppinQy storm wavesluring extreme water level
the landward flow diminishes as it spreaaist through groundfriction and interaction
with other obstructions.

Backshorethat areas landward of the foreshore and typically bounded by sand dune or
cliff.

Bathymetry:seabed formtypically defined by depth measurement

Coastal Permits a permitissued by local government coundibscarry out coastal
activities which required a resource consent under the RMA 1991.

Conglomerate Course grained sedimentary rock composed of rounded to subangular
fragments surrounded by finer sediment that is ofteemented.

Debris avalancheresult from cratercollapse with deposits covering large areas often
coveredwith hummocky landforms. With increasing water content they can become
lahas.

Endeffect erosion:enhanced wave actioand associated localised erosion at and beyond
the end of a structure.

Escarpmenta steep slope separating areas of relatively flatugd.
Fluvial processesdeposits and landformgassociated with rivers and streams

Foredune: A sand dune located immediately landward of the beach and aligned parallel
to the shoreline at the time of formation.

Formation:layers of rock with comparable properties.
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Geomorphologythe study of landforms, their descriptionhow they form and how they
may behave in the future

Georeferencing:plans, photographs and other images are digitized then transformed to
a common set ofo-ordinatesso images can be exactly overl&d comparison and
measurement.

Gyre: currents that horizontally move in a circular pattern

Hazard: a natural or marmade phenomenon with the potential to cause harm to
persorsor property.

Intertidal beach:that area betweerlow andhigh tide

LIDARStands foiLight Detection and Ranginig ahigh resolutiorremote
sensingmethod that uses light in the form of a pulsed laser to measheeearth surface

Linearregression modellinga statistical technique for identifyingssociations and
relationships between variabldsy fitting a straight line (linear model) to a data set and
defining the fitting errors (difference between the modeld actual data points)

Littoral: A zone extending from the high tide mark to théstore limit of wave and
current-driven sediment transportLittoral drift refers to sedimentransported
alongshorewithin this zone

Lahar:a violent type of mudflow or debris flow composed of a slurry of volcanic material,
rocky debris and water.

Mitigation: actions to reduce hazard impact or effect

Neap tide levelsthe minimum upper and lowesealeveldriven by moon orbit

NZTM orNew Zealand Transverse Mercatothe current standard method in New
Zealand of assigning every point on the earth surface a unique pair of numbers (co
ordinates) measured to the east and north of a particular base positspatial datum).

Overtopping: where anextremewater level exceeds the shorelif@dune or structure)
height and flows inland

Photogrammetry.Deriving metric data from vertical aerial photography using 3D imaging
techniques applied to overlapping photographs.

Pocket beach: smallbeachesthat are formed between headlands, typically in coves
with rocky shorelines which may be covered watlwide range of materials includisgnd

or gravels

Revetment a lower angle seawall typically constructed of rock or concrete
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Reposgangle of): this is the steepest anglenaterial can attain without movindown-
slopeunder gravity

Risk: The potential for losing something of value. In risk managemeskis expressed in
terms of the combination of the likelihood of occurrence of a hazardous event with the
consequence of the event.

Sand dune (coastalamound orhill of sandthat forms whenair flow characteristics
changeg typically inassociation withvegetation

Sediment budgetrefers to souces andvolumes of sediment at a particular location

Shoreline indicatorsfeatures used to define the shoreline such as an elevdgon the
mean high water markXhe vegetationfront or top of a cliff.

Semidiurnal tides wheretwo tidal cycles occur every day

Significant wave heightthe average of the upper one third of wave heights.

Slumping the movementen massef (hillside) material involving an element of
backward rotation

Spring tide levelsthe maximum upper and lower sea level driven by moon orbit.

Standard error of estimatdSEE) the statisical error measured bg regression analysis
where 1 SEBccounts foil68% of the variation about the regression line and 3*SEE
accounts for 9%

Stereo analysisoverlapping vertical images viewed-as to produce a threglimensional
image

Still Water Level (SWLaJso referred to as Storm Tide (ST): Seetion5.3

Storm surge (SShefer to Sectiorb.3

Storm tide (STalso referred to as Still Water Level (SWL): see Seston

Subtidal: seaward of or below,the low tide mark

Tephra all types of rock fragments including ash ejected during a volcanic eruption

Transect:a line marking the length and orientation of a survey

Traverse linea line accurately located by a surveyor from which intermediate features
are measured
Wave period the time for successive wave crests to pass a common location

Wave runrup: refer to Sction5.3
Wave setup: refer to Sectiorb.3

Wind setup: refer to Sectiorb.3
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1 INTRODUCTION
1.1 Background

Middleton Bayliesimmediatelyto the northwest ofn LJdzy” Ba}, these beindwo of the

most publiclyaccessible and relatively sheltered parts of the South Taranaki coast (Figure
1). Middleton Bay2 @he Bay)major attraction igo launch and retrieve commercial
fishingcraft, recreatioral craft Search and Rescueaft and research/exploratioeraft.

The Bay is also used for other recreational activities including walking, swimming, surfing,
picnicking and freedom camping.

At the southeastern(SEend of the Baythere issubstantial infrastructur@andamenities
while the northwestern(NW)end of theBayis in an undeveloped state with sand disne
fronting the cliff which surroundghe entire bay and extems out to form headlandson
each side.The central section of thBayis essentially a transition zowehich also
containsa singleprivately owned buildingThese three physical entities sectorsare
located in Figur@

Environmentand management issues facingLJdzy | 1 Aave recdnt®y been described
inthe2016n Lddzy I { T .S OK al aid SNJ t. thiswasfaingd J- NS R
with a cliffstability assessmerity Opus in 201,/and most recently a report covering the
geomorpholog, erosion and inundatiomazard, and potential management optios by
Coastal Sstems (C9Lin2019

It has been over 20 years since the state and management of Middleton Bay received
attention by Gibb (1998), the recommendatiomghich weresubsequentlysupportedby
NIWA (2005). Given the increase in technical information now available, coutted
evolving management and statutory consideratiossagll as officiatlimate change
directives Coastal Systenmgere instructed to prepare dongterm management strizgy
for Middleton Bay.

1.2 Statutory considerations

Several structures within the Bay has@astalpermits: the rock revetment and boat ramp
(5504); stormwater discharge at the northern end of the bay (6222) and waste water
discharge into the Bay offfie southeastern headland (0236). These permits require
periodic review which includAssessment of Environmental Effects (AERrts.

Middleton Bay is also subject to several potential natural hazards including landslip,
shoreline erosion and landwarinundation whichthe Resource Management Act (via the
New Zealand Coastal Policy Statem2@i0in particular) requirestechnical assessment

of hazard susceptibility, the risk posed by any such identified hazards, and the means to
manage/reduce the hazd risk to suit the needs of the communitjazards and other
management issues are also addressed in the Taranaki Regional Qdiirill) Regional
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Policy StatementRegional Coastal Plamd Regional Freshwater Plan as well akén
{¢5/ Qa S5AAGNROG tfly

+

Figure 1 Middleton Bay location map

1.3 Study scope

The STDC has engaged CSL to undertakedgwith the goal of addressing the future

(longterm) sustainable management of Midgdibn Bay including the potential impacts of

climate change. The following objectives were defined:

1. Collect available relevaimiformation (provide copies to council archive)
Carryout the necessary field inspection;
Thswere done on 1d-2019 and 163-2020
Describe the coastal environment
Overview clifflandslip)erosion,beachduneerosion and inundation hazargds
Identify managemenbptions
Recommend duture longterm monitoringprogramme and
Consult withlongterm local residents Mr Brian VinceahdMr Gerald Bourke

N

No ok ow

These interviews occurred on-3€020 and some of their phagoaphs have been

reproduced in this reportn addition, staff at the Dreamtime Surfshop were

consulted on 18-2020 Several follovup phone conversations with these parties

were also held. Their most useful contributionslaesby acknowledgedith
thanks
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November 2019

Survey transects (see Figure 3)

Stormwater drainage

a. Dune complex b. Seawall

c. Discontinuous cover materials: rubble, rock, sand and vegetation d. Boat ramp

e. Ramp wall f. Carpark . Private boatsheds h. Boat & Underwater Club

Figure2 Threedimensional depiction of MiddletoBaycreated from drone survey
information. Key features referred to in the text are marked.

1.4 Report layout

The report begins (Section By describing the various information sourcasquiredto
compike this report. Section 8escrilesthe contemporarycoastal environmenin terms
of the present landscape and asse®gction 4 investigates hotlve environmenthas
changed (evolved or developed) over tinkaiture behaviour is considered in Section 5
whichprovides an overview gfresent and futurecoastal hazardéeachforedune
erosion, cliff erosion, anshundation by exteme sealevek and stormwaves). &ction5
alsodescribescurrent methodsusedwhen carrying out dull hazardassessmentthisis
to assist the reader in better appreciating the makeup of thesetsz Sectiorb
describeduture management optiondased on the information presented in earlier
sections Section7 sets outa longterm monitoringprogramme and Section8
summarsesthe report such thatthis also serves aan Executive Summary
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2 AVAILABLE INFORMATION

DSYSNIf O2@0SN}Y3IS 2F GKS nLidzyI T o2l aid Aa
sheet BJ28 (1:50,000), geological map N118 P20 (1:50,000) and bathymetric chart NZ45
(1:200,000).

[ 20Ff GARS& I NBE RS&ONROGSR A ynshavebbeen tecently o0 >
documented in MetOceans (2019). Currents within the Bay were measured by Resource
and Environment (2000) as partah AEE for waste water discharge permit 0230.

Regional sediment processes have been descHtiyg@regory (198Pwith a cursory
description of local sedimerty Gibb (1998).

Regional geology is describbg Townsend (2008), with further detail of the Bay area
providedby Neall (1979), Palmer and Neall (1991) &tehll (2003).

Thefirst historicaldocumentationwe foundrelating to Mddleton Bay isle Jardine (1992)

¢ in particulat thatboulders alonghedo | &S 2 ¥ a A Réuth&deth ¢iff wete@ & Q &
winched up the cliffacein the mid 1920F 2 NJ dzA S Ay 02y ad NHzOG Ay 3
Breakwater

The geomorphological settingf Middleton Baywasbriefly describedby Gibb (1998)
along with arerosionassessmenand management proposalsNIWA (2005)
reconsidered erosion managemewhen the council were looking to extend tiseawall
Gibl@ report included several photographs taken in October 1998 and these are
reproducedin Appendix A as they provide a useful record as to the stateeftlastal
environment prior to the March 1998orm event this eventhad significant shoreline
impacts and management consequences

Tonkin and Taylor included a brief environmental description of Middleton as part of
their 2001 report on a compliance monitoring programme for Taranaki coastal structures
and the Taranaki Regional Council (TRC) produces an annual compliance regllort on
STDQonsented structures

AEEeports have recently been preparéor reconsentinghe storm water dischargat
the NW end of the Balgy Renaissance Consulting2018 andalso forthe seawall/boat
rampby STDGn 2019

The first survey plan to include Middleton B8O 7699latesfrom 1867 and defingthe
cliff top. The 1882 bathymetric map by Hursthouse shows a single soundirggkmeard
of 5 feet below low waterit alsoplots anundefined linealong the beaclkpossbly relating
to low water. The Henderson Plan of 1886 depicts the clifiampérentlyreproduced
from the 1867 plan)andincludesan unmarked lineloser tothe cliff whichmayto relate
to high water. Plan SO 15476 (1927) defines the cliff dolgethis may be reproduced
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from earliersurveys. A 1959 contour platove MSISO 9698is based a aerial
photographseriesSN 1137A anghows the Bay above MWL. Plan SO 13B3furveyors
GSR consultants Lidlefines the MHVBin February 199But usesthe 1867 clifftop! Gibb
(1998) includes a 1997 surveytbé MHWM, dune toe and cliff top and base again by
GSR consultants, but thesannot be georeferenced (fixed in space to enable comparison
with other data)and the sourcealata haveeluded an extensiveesrch A survey carried

out in 2010 bysurveyorsBland and Howarth Ltd provided 3D data froelow MSLto the
clifftop and outputa 0.5 m contour plan. And most recently a high resolution drone
based 3D survey was carriedt by TPlon 12November 2019.

Terrestrial photography dates from 192dhtographer Feaver, sourd¢euki Arikijalong
with photos from the 180s provided byn LJdzy Ire$idents MrBrian Vincent andir
Gerald Bourke) illustrating development of theat ramp and seawalbuildings,
stormwater drainage and storfwave impacts

The followingvertical photography has been acquired:
1953, 19591965, 1967, 1970, 1977, 1979, 1980, 19894, 1996,2002, 2007, 2012,
2017, 2019

The following satellitémages have been acquired:
2001-4-8, 20046-11, 20073-24, 20075-9, 201211-8, 20133-6, 20139-1, 201512-18,
20164-13, 20186-28, 201810-18, 20195-4

The following description of th€amtemporaryEnvironments based primarily on the
November 2019 drondasedaeriatphoto survey by Taylor Patrick Ltd
photogrammetrically generated 3D image from this survey is showdigimre2.

Gopiesof informationused in the present report angrovided to theSTDC arche are
listedin Appendix C
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3 CONTEMPORY ENVIRONMENT

3.1. Form and geology

Middleton Bayis a sandypocketbeachapproximately380 m wide (neasuredalong the
high tide line)and hasa southeasinorthwest orientation.The beach is composed of fine
to medium grade sand overlying boulders whatticrop along both headlandsThe
spring intertidal beachisrelatively uniformbeingabout 60 m wideand has araverage
slope about 3 degreesr 1 : 20 based on the 2019 TPL survey profileBigpre 3. This
beachform contrasts markedly with LJdzy" Baly Whichs narrower ébout 180 m wide
along the high tide lingandflatter (mean slope of about 1 degree or 180H. However,
variationin beach slopat both beachegannot presently be defined as no sequential
profile data are availablé&Nonethelesschange can be expected based on research at
nearby OaonuBeach some 8 km to the northwesthere aght years of profé sampling
at 2 to 3 monthly intervals clearly demonstrated seasonal behavior with upper beach
accretion during the summer and lowering during the winter (Gregory, 1985 ddition,
inspectionof availableaerial and satellite imagesf Middletontaken at low tideindicate
variation inboth width and form.

The southeastern (SE) Sector is fronted by the 110 m long boulder revetment (the

seawall) which has a 16 m wide boat ramp at its southerstread with a 1 m high
O2yONBGS oI f¢ ONBFSNNBR (2 t20Frtfte a GKS
boulder beach which extends right out along tBEheadland The revetmentis backed by

a 35 m widecar parkand variousuildings.The upper beach along the SE Sector is

truncated ags evidert whencomparing the profiles in Figure 3.

The Northwestern (NW) Sector $iawell vegetatedand presently stabléoredunesome
140 m long anarest some2 to 4m above the toe Whichisapproximately 4 m above
MS). The dune complex extends landward sobBeto 25 mto then base of theliff.

Between the southeastern (developed) and northwestern (natural) sectorthikes
Central Sectora 90 m transitiorzonesome 10 to 15 m wid&éom beach to cliff. This area
is made up ofinstable dune sandscattered vegetationboulders and othedebris which
arebacked by an unpaved accessway and private building. These three seeters
spatiallydefinedin Figure2 and are illustrated in Figure 4

Storm water from the surrounding residential aréscharges from the cliiop to the sea
at each end of the bay with surface water from the paved accessway and car park
entering the bay through the rock revetme(iocations shown ifrigure 2. The drainage
systemaffects bay morphology and has undergoconsiderable anthropogenic change
which isdescribed in Section 4.1.

The Bay is surrounded by a 22 to 23 m (above MSL) high cliff which extends seaward to
the NWheadland some 100 m beyond the foredune andrie SEheadland some 350
beyond the seawall. The upper cliff is composed of debris avalanche matariHsyers
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of tephrawhichare evident in theexposure at thevehicle accessuttingandare
described by Neall (1979)However, it is the underlying geology that is of interest and
relevance to the coastal geomorphology.

Profile T1 (Northwest)

Profile T2 (Central)

Foredune Profile T3 (Southeast)

Elevation (m) from MSL

-2 I
0 20 40 60 80

Cross-shore distance (m)

Figure 3 Profiles of the 3 transects marked in Figure 2 surveyed in November 2019
profiles have bee centred on MSL intersect and tide levaie marked

Then Lddzy' | { T C 2,008tb 3BAMP yeardld) ocontains thecontrolling geology at
Middleton. It outcrops in the mid to lower cliffs amdmprises layesof volcanic
sandstone, conglomerate arahdesitebouldersfrom numerouslahaswhich occurred
RAZNAY 3 | 02y aidNHzO0 A 2 y | fAs thiKcliffd &odé@hEsetipidsrs @2 O
drop out andform the protective apron alongnd aroundthe headlandwhichlater (as
cliff erosion proceedd)ecomethe offshore reefsvhichextend seaward for several
hundred metresff the headlands (Figure 5Fhereef and bay topography result from
spatial variation in boulder concentratiowith less boulders providing less shoreline
protection and faster cliff retreat and visa ver3disvariationalso explainshe shorter
northwesternheadlandand a longer southeastern headlaadthe northwestern
promontory contairs considerably less boulders than the southeastpromontory
(Figure 6)

The short northwestern headlaralsoexposesk S . | 8 Qa4 aK2NBf Ay S (2
and this results in the steeper, narrower beasmympared withnearbyn LJdzy Bay T
wherelonger headlands and breakwater greatiducing the level ofvave energy

reaching the shoreline.

Clear water satellite imagei§rigure 5, upper photaghowsthe subtidal bay comprises
rock on the northwestern sidgndsand in the center and southeast which extends
seaward The rock intertidal apron along the stheast headland continues into the Bay
for a further 50 m below low tide. These regions have bexamnked in Figure 5.
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boat ramp);the transitional(Central)sector in middle photpandthe natural (NW)sector in lower photo. All photoseretaken on 16

Figure 4 The three physically contrasting sectors; develof&d&ctor in upper photo (inset is themp wallon the south side of the
March, 2020

Gibb (1998) records resident observations that during southeast gales and short period
storm waves sand erosion exposes underlying boulders. During subsequent west to
southwest swell this sand forms a subtidal sandbar attached to the southeast headland.
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Subtidal
boulders

Boulder reef

Figure 5 Offshore reef configuration illustrated by submarine patterns on the seabe
in the upper photo (811-2012) and corresponding wave breaking in the lower photo
(13-4-2016). Subtidal sediment distribution within the Bay has also been marked ii
upper photo, while currents are depicted in the lower photo
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S e e

Figure 6 Middleton Bay headlands. The northwestdmmadland in the upper photos

is considerably shorter and contains less boulders tha southern headland
Photos taken on 16-2020.

3.2 Waves and sediment transport

¢ARSa | n Lldiyrhalvifith thelsé¢dhd Badng A slightigher elevation. The
mean spring range is 3 andthe meanneap range is 1.7 m
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The following wave statistiae fromMetOceans (2019). At 40 m depth (approximately

4 km offshore), the mean significant wave height is 2.12 m (0.41 tor8) 2ihd the mea
period is 12.8 seconds (5 to 8&cond$. The annual mean significant wave height is 5.9

m. As these waves propagate shoreward they lose energy from friction and deformation
associated with sehed irregularities and the mean annual wave height reduoes8 m

just beyond the headlands. Wave climate statistics demonstrate seasonality with the
summer mean significant heigbt 1.85 m increasing to 2.29 m in the winter.

2 dSa LINBR2YAYIlFydfe | LIINRBIFOK nlLlzyl 1 Thg FNRY
from the SE quarteare locally generated, of lesskeight and typically superimposed
upon the longer period swell from the southern ocean.

As noted earligrthe sand in Middleton Bay is of fine to moderagghis being smewhat
coarser than im LJdzy” Bay dnd reflects the increase irave exposue Sand is

transported tothe n LJdzy to&sffrom the northwestunder west to eastlirected

longshore current . Awording to Gregory (1982), the main origin of sand along the Cape
93Y2yld G2 nLdzyI 1T O21adG Aa FTNRY FfdzAl f
approximately 30,000 to 60,000%heingadded to the littoral stream annually.

Only limitedcurrentmeasuremens are available for Middleton Bajese being surface
drogue measurementsarried outon 10 December, 1998s part of ecoastal permit
application for the STDC waste water discige (Resource and Environment, 2000). The
field work was carriedut under moderate wind (up to 15 kts) and wave (about 2 m)
conditions, and 4 turs before and 2.5d¢ursafter a spring high tide. While the study
concludel the current was generally lowc(.1 m/s) and no coherent circulation pattern
was evident, theidataare infact consistent witha general clockwise gyre similar to that
documented fom LJdzy Bay(TSL2019 p 16). In particular, current travels into the Bay
from the northwest reef, flow northwest to southeastloser to the beach theaxits
around the southeastern headlar{ds markedn Figure 5Slower photo) This pattern was
confirmedby staff at the Dreamtime Surfshop based on surfing experiencestafiealso
noted that current strength increases with wave sarel this isagain constent with
documentation forOpunake; irparticular,& drrent strength showed an association with
wave height but little with tide or winél(ASR, 20012004.

Boulder pileup between the southeastern cliff andampwall protecting the boat ramp
(Figured inset)indicates a local current flows landward along the southeastern headland
¢ likely driven bybreakingstorm waves. Gibb (1998) noted that such interception was
reducing sediment availability for the landwdbsdach area perhaps making it more
erosionprone. Howeverthe primary source of beach sanduisdoubtedlyof littoral

origin and is transportednto the intertidal beachby the dominantclockwisewave

driven currentmarked in Figur® under fairweather conditions Most of this sand will

later be swepteaward to rejoin the southward directed littoral stream under storm
conditiors.
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4 ENVIRONMENTAL CHANGE

4.1 Anthropogenic change

Over the past 100 years the southeastern half of Middleton Baybkas subjected to
increasing human activignd associated effects on the coastal environmenhheearliest
evidence of human activitthus far locatedsthe 1924 Feavephotograph (Figte 7

upper) which shows threduildingsat the far (SE end)Gibb (1998) notes that these
historical huildingwere & X FcBnkik built surfboatsisedfor recreational fishing. The
sheds were constructed close to the seaward face of tihedone. Fishermen would k&

the heavy boatslown the foredune face and launch them through the surf. On return the
boats were winched up the foredune and into the sh&d& 1940s photg(seeFigqure 7,

lower) shows additional boatshed®nted by young sand durse

Unfortunatelythe earliest (953 aerial photagraphhas shadowbscuingthe accessway
andboat sheds. The 199 aerialphoto shows 13 sheds/buildingsd the present vehicle
accesswayn place Subsequent aerial photahow the number of sheds increasing to 24
by 1967and20 in 1982 Gibb (1998) repoed 8 shedsin late 1998, several of which
required dismantling aftethe destructive storm in March 1999 (Figureupper). By this
time a newcommercial fishing building had been constructed along withpresentBoat
and Underwater Club roommToday only a single (privately ownesRample of thesarly
boat shedsremain (Figure 8ower photo).

Quarrying of the cliftbovethe Boat and Undavater Club room occurreduringthe

1950s when the council hoped to obtain gravel for local projékitss location appears to
correspond to aatural drainageehanne) see* in Figure 7.The overburden was stripped
and volcanic stone excavated then trucked up the new access Hmdever the

material proved to be unsuitable and the project appears to have been abandoned by the
early 1960s.Theexposedmaterial wasused thereafter to bud out the fronting shoreline

¢ with the reclamation becoiingthe present car park.

In July 1999, the present seawall (boulder revetment) was constructed along the length of
southeastern sector (Fig 9 lower). This structteplaced a previoustructure that had
developed pieemeal over time and was fronteslasboulders, rubble and waste concrete

OF LAY Fa AfftdzalidNIGSR Ay GKS o6F O13INRBdzyR
photosin Appendix A. The new structure wesnsented(coastalpermit 5504).

Gibb (1998, p12) noted that when a replacemsaawallstructure was established it
should have a curved alignmewhich he diagrammaticallgepicted But this advice was
not followed and the new structure had a straight alignmedonsequently, theeawall
faceis misaligned to the wave crests during higle, stormwaveconditions and this
increases wave reflectiolmward the northwest. This process has potentiakt@acerbate
shoreline erosionn the Central Sectoin addition b potential erosion caused by wave
interactingwith the end of the seawall (endffect erosion)
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MICDLETONS  BAY . OPURAKE

Figure7 The earliest photo (upper) of Middleton Bay taken in February 1924, shows a
scarped foredune in the foreground (NW sectarkingle dwelling? behind the foredune in
the foreground,and 3 boatsheds at the far (SE) end. The lower photo is estimated to hay
been taken in the early 1940s and shows additional boat sheds and sand dunes develo
seaward. The asterisk marks stormwater channelling incised into the clifftop. Photo sup
by Mr Gerald Bourke.

Followingreconstruction of therevetment, residents became oncerred with anincrease
in erosion within the Central Sectand thisled tothe council engaginGibbto produce a
further report in2002 Howeverhe concludedthat any increase in erosion was caused
by variation in sedimergupply, climate factors and local drainaggher than the
structure. Then n 2005 NIWA was comnsiened to investigate whether further
extension of the 1999 seawall was justifi@dprotect against the ongoing erosioWhile
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noting that endeffect erosiom was likely to occur immediately northwest of the structure
terminus,anysuch adjustmat should have been complete by 2005 sagoingerosion
would be associated with the factors outlinegt Gibb. TheNIWAauthors rejected the
need for any seawall extension.

Figure8 The top photo shows 3 boat sheds undermined by the March 1999
storm (source: Taranaki Daily Mail, 19 April 1999). Note rubble littering the
beachc this was originally placed against the bank to provide wave protectior
Lower photo shows the last remang boat shed at 16 March, 2020.

The boatramp at the southeastern end of the Bay (g4, upper) was largely
constructed during the 1970s and 80s by Id&@dt andUnderwater club members
supported by the wider community and business (Fe®, uppern. The ramp wall was
constructed during the 1980s to assist launching craftiiei§, centre). The car park was
sealed in the early 2000s
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Figure9 Upper photo: pouring concrete for the boat ramp, May, 1977 (Mr Brian
Vincent photo). Central photo: constructing the (present) ramp wall using concre
blocks, c. 1986 (Mr Brian Vincent photo). Lower photo: constructing the current r
revetment in Juhd999 (Mr Gerald Bourke photo).
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Much of the townshi®@ stormwater runoff flows throughpen roadside drains to coast
outlets. AtMiddleton Baythe present entry pointsare marked in Figure #hile more
previousentry pointsare markedin Figue 10 However variation in theclifftop outline
indicate numerous locatiaof past stormwater incision and entry into the bay.

At the NW endbf the Bay the aerial photo record shows stormwater enterée: seavia

a gully and waterfalfAppendix AFgure 9) then via a channel between the cliff and sand
dune(Figure 11) However this channelaffectedlocaldune stability (discussed in Section
4.2)so in 20@/4 a new clifftop discharge structu@50 mm concret pipe with

2 @S NXK I y 3 A ywas canktidiedionte 8QLdE fronthe end of the headlan@under
TRC coastal permi®222). Unforturately this was also problematic with stormwater
blowing inland under strong SE winds (FigurecEditral photo) andalso exacerbating
cliff-face erosion in the vicinity of the structur@he present outlet was then established
further landward by drilling a pipe through the cliff to exit about the high tide meuder
the same coastal permit (6222)This outlet has perated successfully and its permit was
renewedin 2018.

Historically a central discharge point entered the Batythe Heaphy Road/accessway
intersection(Figures 10 and 11)The 199&ibb report noted this dischgewas resulting
in localforeduneerosion(Appendk A, Figure 8), and the council subsequéy installed a
450 mm diameter concrete pip® divert thisdrainagearound the clifftop to the SE
discharge point.Now anly minor stormwater discharges occur witithe central bay
these keing frombuildings, paving ahcliff seepagevithin the Central and Southern
sectors.

ThepresentSEdrainage was established in the mid 1970s by extending the previous
(1960sXclifftop discharge point (Figure 10) some 50 m toward the southern headland via
an open drain.It appears this relocation was to stop stormwater and sediment entering
the then developingcar park/boat launch areaThis discharge consists of the 450 mm
diversion pipe from the Heaphy Roadea, a 900 mm pipe (road culveliameter) from

the Longfellow Road area, plus stormwater from the Hector place afdahe clifftop
discharge location, a gully has developing over the past 45 yEmusre 13, lowephoto)

with the head eroding landwarito the clifftop at some 0.2 m per year on average
(measurenents takerbetween2007and2019). This gully is considered further in

Section 6.2.

It appears diversion water rights were not issued by Tlaganaki Catchment Commission
for the 1970s extension of the draiNor were permits issuedvhen the Heaphy Road
discharge was diverted as tlegceeded the permitted thresholds (equivalent pipe
diameters)as now required by th€reshwater Pla@ & R A &ul®@ 23/ TheBuBy erosion
alsoappears tacontravene ths Freshwater Pladischarge rule In addition, this area lies
within the Coastal Protection Area of the District Plan so an alternative means of
delivering stormwater into the sea would seapprofriate.
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1967 aerial photo

Figure 10 1953 and 2019 shorelines overlaid on the 1967 aerial photo. The 3 sectors
marked along with the quarry site (*) which appears to correspond with the early natui
cliff drainage channels marked by the * in Figure 7. Quarry outwash (arrowed)ocaetti

to local buildout (accretion) of the shoreline.
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= 1959
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o 1982
—— 1994
© T 2002
S— D012
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Figurell Shorelines in the (natural) Northweste8ector from 1953 to 2019. Location data
FNRBY GKS YINJSR aalyYLfAy3a GNryasSoOie | NB
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4.2 Shoreline change

4.2.1 Beachduneshoreline

While shorelines were marked on early survey plansiy th&ture and accuracy were too
uncertain to be used foa comparativeanalysis. Consequently, we must rely on historical
vertical aerial photographs and later satellite imag® provide reliable dataThesewere
georeferercedand the vegetationfront of the foredunein the NW sector the base of the
escarpmentin the CentralSector, and the toe of the seawall in the SEctorwereall
digitized

Figure 10 shows tteeshorelinedor 1953and2019superimposed upon the 1967 aerial
photo. Thesebracketingshorelines showhe followingoverallbehaviourduringthe 66
yeartime span

 The(natura)b 2 &S OG 2 NDa a K amiletageldd (0R1L Myr)S N2 RS R
It is noted that this shorelinenay have been unstablgell before 1953 with the
early 1924 photo (Figure 7) showing a scarfieddune indicaitve oferosion

1 The central sector, which has been subject to isolated protection works during
that 66 yeartime period, had eroded on average some 9 m (0.14 m/yr), and

1 The SE sectahoreline (which had undergone reclamation dratla continuous
seawall since 1999, hasovedseawardon averagesome 12 m.Note thatsurface
featuresin Figure 10ndicate finesediment washingut of the quarry site and
down (arrowed) past the buildings to help buildout the shoreline

Furtheranalysis was then undertaken ftitre NW Sector using 6 intermediate samples
(1959, 1967, 1982, 1994, 2002, 2042) this expanded set adhorelinedsdisplayed in
Figure 11 These shorelines show a steady landwaidrationwhich is enhanced at the
NW end However,here the shoreline moves somewhat seaward after 28@2ch likely
resulted from relocatingthe stormwater outld further seawardrom 2004

In addition, data was abstracted for a transect midway along the®&ator(marked in
Figure 11)which isbeyond the influence of thearlystormwater outlet In totalthe
following 12 intermediate samplesvere used 1959, 1967, 1970, 1977, 1982, 1994, 2002,
2007, 2012, 201,3015and2017. The advantage of using a high number of samples is
that it also provides a more corteie picture of shorter-term change. The resulting
shoreline behaviour is displayed grapdlyin Figure 2 upper, to whicha linear

regression model has been fitted. The straight line represtr@overall trend which is
erosioral at a rate of 0.18 m/ythis being slightly les®&ut more accuratethan the rate
derived from theend points(1953 and 2019). The fluctuatisabout the regression line
definingthe shorterterm shorelinebehaviourhas amaximum deviatiorof 2.1 m in 2002.
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Shorter and longeterm beach changes arerasponse to different drivers. In the shorter
term, beaches respond to periods of storminess and calm by sediment moving seaward
and landward respectively and the profile shape and level adjusingnd down

respectively Shorelinesthustend to fluctuatein crossshore location. In the longer term,

the shoreline may be systematically eroding or accreting if there is a change in sediment
availability wave climate or sekevel with reduced sediment, higher waves or higher sea
level resulting in erosioand vias versa

Gibb (1998pnalysed ahorter 38 year data set (1959967, 198@nd 1997sample3
provided by GSRonsultants (Hawera)That studyreported an overall advance of 5 to 18
m (0.13 to 0.47 m/yr) These results are inconsistent with thesults from themore
comprehensiveresent studywhich showed a clear erosional trend for the Nwd likely
erosional trend irCentral SectaorUnfortunately any explanation of the difference is not
possible aP A & Gevrt provided no supportinipformation on the spatial distribution
andthe raw dataprovided to the council (Gibb, 2008as been lost

Gibb also notedhat the beach sand comprised both light and dark minerals which he
interpreted as indicating the beach was not eroding. Howeligint and heavy contenit
beach sandlepends also on previous storm/fairweather conditions coupled with thal tid
state (neap or spng).

Thecomparativeshoreline behavioufromn LJdzy | {igshowrt i@ Figure 128s

adapted from the CSR019 study. Note that a different shoreline indicator was used for
nNlddzy F {T .F& O0aLINARy3a KAIK gl GSNI YENJO | &
indicator always results in greater variation in the shoreline position compared with a
dune indicatordue to the flatter slope ands sediment is continually moved by marine
processes. Nonetheless, these results show some interesting qualitative comparisons. In
particular, opposite longerm trends: erosion at Middleton compared with accretion at
nliddzy 1T Y2&id NKBA 2dza SELX FylFdA2ya o0SAy3a 61 ¢
breakwater and longer headlasavhich facilitates shoreline accretion. In addition, the

shoreline fluctuations about the regressitrend) lines are temporally similag this being
consistentwith both locations experiencing the same general sediment and wave

patterns.

P
o
N

4.2.2 Cliffed shoreline

Gibb (1998) estimated the cliffs at each end of the Bay had retreated 1 to 10 m between
1959 and 1997 givingn annual rate of 0.03 to 0.26 m/year. Gibb also noted that
individual landslips have resulted in instantaneous cliff retreat in the order of 1 to 3 m. As
with the beachdune shoreline results, there was no spadaitribution provided in the

Gibb repot. However, given that the SE clifftop stormwater discharge site has been
eroding at 0.2 m per yeaD A 0 ligQek values may be associated with drainage courses
cut into soft upper cliff material.

COASTAL Report Title : Middleton BayLong-Term Management Strategy
SYSTEMS Reference No 2020-30 CRep Version 12 (FINAL) Status For counciluse
S '™ Client: STDC Date: 7 August2020



26
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Figurel2 Shoreline timeseries graph for Middleton (A) at the Northern Sector transe
(Figure 11). For comparison, theLJdzy” Bay shoreline is shown in (B) for the
northwestern half of the beach (adapted from CSL, 2019, Figure 9). Linear regressi
models havébeen fitted and define (contrasting) longesrm trends and qualitatively
similar shortersterm shoreline fluctuations.

Acquiringlongerterm high quality/accurate cliffines was beyond the scope of the
present study. Howeverthe 1867 survey plan (SI®99 shows the NW headland defined
by the early surveyorssingcliff-top traverse lineg; indicating high accuracyl'he high
definition 2019TPL aeriadurveyenabled thecurrentcliff top in this area to be accurately
defined Thel867 and 2019 clifftopare overlain irFigure 13upperimage

The seaward face has eroded 0.6 to 2.8ver the 152 year periodith a mean value of
1.5 m or0.02 m/yr. By comparison the cliff top facing the Bay has undergone I(L3.8

m with a mean ofLl1.0 m or 0.08 m/yrThese values are at lower end of Gibbs rafides
resultindicatesthat the seaward face of the cli§ considerably less erosigmronethan

the adjacent side facing into the Ba$uch a result is helpful and welcome as it indicates
the headland length is changing very slowly so there will be minimal additional wave
energy entering the Baiy the foreseeable futuréo drive beachdune erosion.The
contrasting seaward and bdgcingratesmay result fom geobgical(boulder
concentration)variation dserved during the site visitariation in wave energground

the headland, andior a briefperiodin the 2000sstormwater drainage down the cliff face
(Figure 13)
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4.3 Future change

Future geomorphology depends on the energy drivers and sediment supply cofrirols
addition, anthropogenic activities have modified the southeastern half of the Bay and can
be expected taffect future coastal processed he following sectioon erosion and
inundation hazardwill corsidersuchfuture change

COASTAL Report Title : Middleton BayLong-Term Management Strategy
SYSTEMS Reference No 2020-30 CRep Version 12 (FINAL) Status For counciluse
=Y LRI Client: STDC Date: 7 August2020



29

5. COASTAL HAZARDS

This section provides awerviewof beachdune erosion, cliff erosion and storm
inundationhazards at Middleton Bay in terms of available informati@vhile carrying
out full hazard assessmesitvas beyond the terms of referendgest practicecurrent
methodologies are described help the reader understand theompositionof these
hazards

5.1 Beach-dune erosion

Bosion hazard assessmigior sandy shorelines asdescribed in CSR019 forn Lddzy | 1 T
Bayandinvolves combining the following@bmponentswhich are illustrated in Figure
14

ST = Shortterm crossshorefluctuation in shoreline positioresulting from
storminess and sediment pulses
DS = Dunestability adjustment Following stormwave erosior(cut)the dune

has a neawerticalfacethat subsequenthadjusts by slumping and sliding
to achievethe stableslopeanglecthed 2 O larigle SrRpoSE;

LT = Longterm retreat of the shorelinethis occurs on coasts whetkere is a
longterm sediment deficitelative to theavailableenergy and
RSIR = Shoreline etreat due to the effects gprojected sea levelise (SLRArise

in sealevelenables stornwavesto erode higher up the profile anttis
sediment is then depositeth seaward

LT and RSLR are computed by multiplying the time period of interest (in years) by the
annual rate of changd&.he prediction period iszquired to cover change over at led<10
years(NZCP010) so typically the current situation is assessed together with 50 years
and 100 years Where major assets are involael50 yeamrediction periodis also
assessed

These components are combineddefine thecurrenthazard distanc€EHDRureny) in
equation 1 and futureerosionhazarddistance(EHRuwre) in equation 2

EHDRurrent= ST + DS (1)
EHQuure = ST + DS + LT + RSLR )

NW Sector

While derivation ofll component values is beyond the scope of the present report, the
shoreline analysis carried otdr the natural NW Sector iSection3.2.2providea 100

year valudor LTof 18 md ¢ KS { ¢ @I f dzS Aa RSNida&rl oe O f
error of estimate or SE@ee Glossarg) I 0 2 dzi  ( K S, wNidh BaddBsta3Amin/ Ay ¢
this case.
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P B
Toe of Short term Dune Longterm Retreat due to
frontal dune erosion stability recession  Sea level rise
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Figure B Definition sketch obeachduneline erosion hazard assessment components
for currentand future scenarios.

Theseresults givea 100 year retredistanceof 22 m for the NW sectar Details on
exactlyhow the system would re&a throughtime requiresthe full erosion hazard
assessmentvhich would also include the othéazard components @and RSLR)
However, given that the duneomplexranges between 15 an®5 m wide,they will have
likely disappearedvell within 100 years.

SESector While anthropogenic modification hdixed the shorelinend prevented the
derivation of a LT valuas was carried out in the NW Sectiris seems likely that the
erosion measured in the NW and Central Secédss underlies the SE sectdihe erosion
response at seawallwhere the coast would betherwise ke eroding isa lowering of the
seabed This occuras a consequence ttfie natural profiletranslaing landwardas
illustrated in Figure 4.

Long-term

erosion

oéb/) Profile lowering
at structure

—}

Figurel5 Landward profile translation in response to letegm shoreline erosion (red
line) results in seabed lowering where the shoreline is fixed by a hard structure.
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Certral sector

While the bracketing erosiofl953 to 2019)n the Central Sectowvasless thatfor the

NW Sector (Figure 10), it seems reasonablassumat is at least as high as in the NW
sector given that (dhis shoreline has been held somewhat seaward bydhgoing
placement of rubbleand (ii) the profés in Figure 3, fixed at the MSL intersect, shows the
uppercentral profile landward of thepper NW profile

Retreat during the March 1999 storm was reported as up to 10 m in the Daily1alil
April, 1999. However, the retreat was likely much greatleanthat of a natural
shoreline response @he embankment contained large pieces of rubble (Figirapper
photo) which increase wave turbulen@nd enhance erosiarin addition, tbse proximity
to a 20 m long rubble revetment to the NW and the 80awetment to the SEopth
described byGibb(1998) and illustratedby several of thgphotographs iMAppendix A)
would have furtherexacerbatedshoreline erosion at the reported sitee.fronting the 3
damagedboat sheds.

5.2 Cliff erosion

Themechanisrs of diff erosion typicallyconsistof two types. Firstlyepisodic failure due
to over-steepening of the cliff base by waeeosionwith diff debris accumulating at the
toe beingsubsequentlyemoved by marine processeBut if systematic erosn of the

cliff baseslows, or is halted through either natural processes sitble formation of a
protective beacHas applied to the Middletouliffs to the rear dthe beach), or
anthropogenic intervention such &®ulder protection(as occurs at the smheastern end
at Middleton), thenthe secondtype of erosion occurs. Namelyeatheringandbio-
erosion processewill cause the cliff above the toe to continue to retreatd debris
accumulate at the to@ntil a stable angle of repose is reached and vegetation is able to
establish.

Cliff erosiorrangesfrom smaltscale slips to large scale and desgated mass movement
depending orgeolog and wave climate.

Cliffs are not able to rebuilbllowing periods of erosigrbut rather are subject to a
systematic onevay process hence there is no ST component in the assessment model

Current best practicéor assessing the erosidrazard ofcliffed shorelinehasrecently
been described iI€S1L(2018) and T&T (201&ndinvolves computinghe followingthree
componentswvhich are diagrammaticaliffustrated in Figure 8:

SS = |dpe stabilitywhere an ovessteeped cliffifrom an episode okrosion episode)
adjusts toa stable angle (of reposg)

LT = ohgterm historical shoreline retrediypically associated with a sediment
deficit in relation to local wave climatand

RSLR = rdsionresultingfrom projected future sedevel rise.
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These components are combined as followsléberminethe currenthazard distance

(equation 3) ad future hazarddistance (equation 4)
EHDcurrent = SS

EHuture =SS +T + RSLR

eql

eq2

‘CURRENT HAZARD‘
Profile over- 3
steepend by
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" 1 |
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Figure B Definition sketch otliff erosion hazard components for

present (upperpnd future(lower) scenarios
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The cliffed environment can be divided into the seaward sections along each headland

where wave action effects the basend a landward section wheduneand seawall
protect the basdrom waveaction (see Figure 16)Highervalues would be expected
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alongthe seaward section$t would seem reasonable to assume ti@bh3 higher rate

of 0.26 m/yr applies to the active seaward cliff. However, as noted earlier, this value may
result from localised gully erosion and may not be more widely applicable. Further doubt
comes from0.09 m/yr maximum value derived in the present study tbe Bayfacing

section of wave affected cliff.3.6 m/152 yr) Amore robustcliff-top erosionasessment
isrecommended.

Asmost of the cliff is now heavily vegetatethtaining SS valuédsom the 2019 drone data
could be compromisedMore accurate resultsnaybe obtained from photogrammetric
historical dataas would be available iin accurate longerm cliff change assessment
were tobe undertakenor from a LIDAR surveyA regional LIDAR survey in conjunction
with the TRC is presently in the planning stage.

Figure B Sections of cliff affected by wave processes at Middleton Bay w
the waveaffected cliff having higher erosional rates of change.

5.3 Storm inundation

The Taranaki coast is susceptible to stairiven coastal inundation hazard and tigs
likely toincrease irfrequency andseverityunder projected climate change scenarios, in
particularfrom sealevel rise.

Asdescribed in the C§R019 assessment fon LJdzy Bay, Test practice methodology
for assessing coastal inundationwolves deriving the following components which are
diagrammaticallyllustrated in Figure T

SNL= Still Water Levehlso referred to aStorm Tideis defined by the combination of:
-Astronomical tide PLUS
-Storm surge (S®)hich isitself the combination of:
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-Wind set-up against the coa®?LUS
-Low karometric pressure PLUS
-Low frequencysea level fluctuationéseasonality ENS@tc).

SU = Wave seaip wherethe elevation of the mean water surfagecaused by wave
breaking andsubsequentmomentum across the surf zone

RU = Wave runp is the shoreline elevatioreached by individual waveshis componeh
includes wave setp.

SLR = Sdavel rise

DYNAMIC STATIC
INUNDATION INUNDATION
3 Y \

 Wave run-up

maximum

Wave setup § N
Storm surge t

Storm

High Tide
Tide

Mean sea Level

——

Figure  Schematic diagram of tide, wave and atmospheric components driving extrern
sealevels and storminduced inundation at the coastal margin.

The following two types of extreme water levesnbe determined for a range of
planning timeframes

Thestatic extremewater level (Sat_BWL)is a constant level and has the greatest
inundation impact along lovyingbeaches and inletsStat_ EWIis computed using
equation 5

Sat EWL = ST + SU + SLR )
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Thedynamicextremewater level(Dyn_BEWL)results from a pulse of watelriven by
wave rurrup which maximizes at or about the shoreline and dissipéétenuates)asthe
pulseprogresses inlandnder the influences dirom ground friction, obstacles and
ground slopeDyn_EWLis computed using equation 6:

Dyn BWL = ST + RU + SLR (6)

Landwardattenuation distance ighen calculated usingquation7 from FEMA(2005)

Q YYo — )

Where:
d = Flow depth (in meters) at certain wave-umattenuation distance (X)
X = Wave runp attenuation distance (m)
RU = Wave ruap level including the storm tide (m RL)
Yo = Dune crest elevation (m RL)
T = Wave period
9.81 mhk
Friction/resistance factor
Positive upward inland slope

= >0
I on

Deriving the components values aodrrying out the extreme water levelodellingand
attenuation computations aréeyondscopeof the present report However the
following local observatiosof inundationextentare helpfulin providing a first gimate
ofii KA & HKrphctahdR&K be useful when testing/calibrating imandation
assessment model

Both Mr Vincentand Mr Bourkeagreed that at present the seawall is overtopped and
stones are thrown across the car gaome2 to 3 times per year on average. This is
photographicallyillustratedin Figure 18 andwhile the landward extent is nahown the
stones reached the historical boat shed some 13 m from the seaviaBourke said
severe events occted aboutevery 3 yearsind MrVincent said the occurrence of water
reachingthe Boat and Underwater Club rooms was becoming more comiio@New
Plymout Daily Newsarticle of 19 April, 1999 describing the March999storm quoted
club member Mr Neil Droughtas sayingdwater had bee lapping at the door of the new
headquartergclub rooms§ ® DA @Sy (KIF G GKS O NattigeN] KI R
wave attenuationwould have occurred more quicklyo this wasndeeda significant
event.
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Figure B Theaftermath of wave overtopping the seawall during a stori
SOSYyli Ay CSoNHzZ NB Hamy® a NJ

CO AST AL Report Title : Middleton BayLong-Term Management Strategy
SYSTEMS Reference No 2@0-3b CRep Version 1.2 (FINAL) Status Forcounciluse
2w LRSS Client: STDC Date: 7 August2020



37

6 MANAGEMENT OPTIONS

The longuse ofMiddleton by fishermenasevidert by the their boat shedsandthe
incremental development of the assetach as theseawall, boat ramp, community
buildingsandcar park by the wider community is strong testimony that this isdyghly
valued. The interviewed stakeholders said theré alWaysbe a needfor the present
facilitiesin the future.

This sectiorsets outmanagement optiongin italicy as relate toinformation presented
in this reportas well amoting currently relevart management proposalsontainedin the
earlierGibb (1998) and NIWA (200®ports. The circled numbersext toeach option
correspond with the numberingn the aeriaphoto in Figure 19.

6.1 Beach-dune erosion

The NW Sectors subject tdongterm erosion(LT)whichaverags0.18 m/yr, andalso
short-term shorelinefluctuations(ST)f up to 3 m these process values metre NW
Secto@dune complexhas limited lifespan.

To accurately identifglunewidth reduction over time, a comprehensive erosion hazard
assessment is required which will inclalde other two componentgiune stability and
retreat fromsealevel rise(NB equation 2, p29)

To maximisehe lifespan, a foredune cover of runAgpe dune grass should be
maintained: this will assist posut recovery bgffectivelytrapping @
wind-blown sand It will also reduce the time an erosion scarpy poses a

burial threatto beach users

Over time it is predicted that the beadionting the SE Sectawill systematially deepen
threatening revetment stabilityandthe northwestern terminuswill become outflanked.
Public beach access across the bouldeetment(sea wallwill become increasingly
hazardous.

The seawall willequire angoingmaintenanceand strengthening of the basas well as
constructionof a éreturn¢ at the northwestern terminusSuch works have been
includedin the recenteconseni{Appendix B)Therecent construction of steps @
and handrail dowrNW end of the revetmemntill reducerisk of injuryto the public
accessing the beach

TheCentral Sectohas a net erosional status althougte rate isunclearasthe shoreline
has beenatrtificially added to over timéo protect the boat sheds Thisthe narrowest
sector,is sandwiched betweethe systematicallgroding shorelire to the NW andhe
hard structureto the SE the latter ofwhich will become increasingly prominent and
wave-reflectivein the future This sectors likely to have the shortest survival time and
will require management interventios There are 3 possible options
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25 50 75 100m

% AT

Optimize foredune management

1 2 Strengthen seawall

3 Establish and maintain foredune 4 Hazard “trigger” point

5 Cliff hazard risk management 6 Inundation risk reduction
8

Enhance dune complex Protection for historical boatshed

T1,T2, T3 are survey transects for future monitoring programme outlined in Section 7

Figure B Location of management options and monitoring transects described in the te
using corresponding numbering/referencing.

i.  Gontinuous hard protection wiitabilize shorelinehoweverijt is unlikely consents
would be grantedjiven the negative impacts such structures have on the fronting
and adjacent beaches

ii. The next most effectiv&abilizationsolution is to remove isolated hard matesal
add sandrgourish the face then plant with runnertype dune grasses ahfence
off. This has been allowed for in the 2018 seawall consent applicatiothand
2019 AEEHor that area close to thetructurein recognition of periods aficreased
wave turbulencend localized erosionHoweverapplying such as approach to the
entire Central $ctor would prove costly asvitould need to be an ongoing
interventionwith potential for an increase imourishmentvolume andplacement
frequency in the future

iii. Thethird (natural)approach accepts the shoreline is subject to systematic erosion,
but slows the process as much as possiflece agairremove isolated hard
materials batter the bankio 34 degreeshen plantwith runnertype
dune grassaindfence. After episodes of erosiatabilizethe face as muc@
as possibléy battering and plantingThis approackensuesthe dune is as
healthy and visually appealing as possiltiés the recommended option.
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Central Sector managemeistpresentlyconstrainedby the privatebuildingtogether with
the associated vehicle accesswayhis situation can be addressed using hazard mitigation
approactes

Restrict vehicle accegghis is a provision ohe seawall consent application/AEE plan
(Appendix B)

AGKI T NR § MNKdemsned bhdadh tfigisém of the current @
hazard distance (SS + D®asured landward from the present shoreline,

with the buildingQ @movalbeingrequired once erosion reachiégt high

risk location.

6.2 CIiff Erosion

Informationin Gibb (1998) indicate theurrounding cliffcould, in places, berodingat

up to 0.26 m/yr with individual landslips resutftgin instantaneous cliff retreatip to 3 m.
As explained earliethese numbers may be on the high sied biagd by stormwater
gully developmentNone-the-lesscliff erosion is occurring and thishazardous to people
and property (such as vehicles and petskglikier accidentlyfalling, from cliff collapseor
by being hit by falling debris.

Potential mitigation options consist of the following:
1 cliff stabilization by removing looseaterial, benching or cutting back the upper

slope,
erecting protective fences or barriers, @

installing warning signsand
1 piping(and consentingbhe SE stormwater down the cliff as
done at the NW endf the Bay

= =

To assist in assigningitigation options a continuouserosion hazard (and risk)
assessment is cemmendedasthe level and nature of cliff stability varies around the Bay

Of particularurgencyis the stormwater drainage gulbn the south eastern cliff which
presents goarticularlyhigh hazard risksillustrated inFigure 20 The upper part of the
gully has a vertical face andesding at 0.2 m per year on averagthe safetyfence is
now on the edge of the cliind the frst rail is too high ta@estrainyoung childrenThe
warning sigmow lies partway done the gully. Mitigatory action is required forthveitia
consentingof the present systershould also be investigated.
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Figure 20 Southeast cliff stormwater gully showing the uppe
edge, barrier fence and state of the warning sign in May 202

6.3 Inundation

Observations show hazardous landward flows carrying revetment stone and delwis
the car park occufrequently withoccurrence andmpact likely to increase in the future
The following management optiorere available

1 Raise theseawall/revetment tqorevent/minimize overtoppinglhe
2019 seawall consent application proposading the front of
the crest to6 m above MS{Appendix B @
1 Armourthe revetment with the recommended size stone as this
will minimizetheir erosion byinundation flowsand deposition within the carp
park
1 Ensure structures and other items (e.g. picnic tables) are secure.

An inundation assessmewbuld definewater levels, landward extent and event
frequency both now and in the fututkereby assisting in planning mitigation options
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6.4 Previous management proposals

Themanagement proposals contained in the 1988l 2002Gibb repors and the 2005
NIWA reportwhich havenot yet been implementedare listed lelow. These are included
in the presentManagement Strategy.

6.4.1 Gibb1998 and 2002

1 Rubble beemoved from the Central Sector and a foredune shap
and planted

1 To accurately account for erosion ratdsineline and cliftop monitoring should
be conducted periodicallyhis is addressed in Sectibhelow.

1 The natural foreduneomplex in the NW Sector be enhanced by

removing exotics and letting natives spread. @

Gibb consideredhe natural dune systerto have special valuébeing one of the few
coastalforest remnants in on the entire coast south of Cape Egnitaatvorthy of
beingenhancel and preseredé ®hile the present study shows thahoreline
erosionwill slowly reducehe size of this areghis recommendation nonetheless
valid andwarrantsinclusionin the present strategy

1 One or two of the remaining historical boast sheds could b
retained for historical purposes and restored.

When Gibb made this recommendation in 1998 there were 8 sheds standing. Today
there is only a single example and his call for preservation and restoration also
warrantsinclusion in the present strategy

6.4.2 NIWA (2005)

1 A strategy baleveloped to manage and protect the frontal du

1 There is an urgent need for a monitoring programme of the beach and dune
system to identify anghange in the erosion pattern atgncea need to modify
the management strategyThis ismow addressed ithe following gction.
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7 MONITORING PROGRAMME

To better understand and define futugeomorphologicathanges, associated hazards
andrisk, andto developor refine mitigation appoachesthe followingmeasurement
based monitoring programmis recommended

7.1 Beach and dune profiling

Repeat crosshore profiling is the standard method of quantifying beach change in the
shorter term. As part of th&2 November 2018urveyby TPL3 crossshore transects
were established theseextend from the rear of the dune to the spring low tiderkor
thereabouts(see Figures 2 and 19heNovember 201%rofileswere overlaid in Figure

3. Normal practice is to repeat surveys at 6 monthly intervals to define the extent of
seasonal change, then, upon the recommendation of a coastal expert, teveriger
sampling intervals that isdeemed appropriate.ln 2019 the council purchased a Total
StationGP Ssurveyequipment so abuild surveys could be carridy staff Using this
equipment foracquiringthe profile datashouldbe straightforwardand economic

Indeed, a technical officer could survey both Middleton and three profilesliddzy | 1 T
Bay as recommended in C&019), on the same dayThe second #nonthly surveynow
dueshould be carried out forthwith.

7.2 Topographic survey

Thismonitoring is to define changes between and beyond the profile transects. Following
on from the recent TPdronesurvey, this should be repeated at say 5 yearly interveds
notedearlier] L5! w A& (GKS LINSFSNNBR YSiK2Fel a GKA.
cheaper dronébased method should otherwise be usetiich provides useful data on
bare or grassed surfaces including sand durggain this survey could be combined with
asimilar survey recommended for LJdzy” Bay, Thusenablingcost savingsin 2019 the
drone-basedsurvey cost $10,000 for bottaysplus the breakwater

7.3 Bathymetric survey

It is helpfulto identify any trends irsubtidalbed levelasthis may be indicative of
subsequent sediment supply change in the beach systenis becomes more important
giventhe uncertaintiesof future climate change ands impact onthe littoral sedment
supply There has never been a bathymetric survey of Middleton Bay so tisgs
overdueandasurveyin the near futures recommendedlong with epeatat about10
yeally intervals Andagain a similar surveyras beermrecommended fon LJdzy” Bays
carryingout both at the same time will savan establishment costsin 2019,

hydrographic surveyor®MLestimatedboth bays could be surveyed for a combined cost
of $10,000to $12,000.

7.4 Structures within the Bay

TheTaranaki Regiondlouncil (RG annually monitor and report on consented coastal
structuresbased on a visuaspection. However, theTRC ishangng to measurement
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based monitoringas detailed irfTonkin and Tayle2014)to better define longer term
change.We recommend the STO@isewith the TRC when finalizirigis long-term
monitoring programme.

7.5 Reporting

Reporting for all types of monitoring should be carried out by an expert who will analyse
new data, compare these with previous surveys, interpret any change and, if necessary,
make recommendations on future surveys and management.
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8 SUMMARY

n LJdzy toWyn$hiphas twocoastal bayslong its seaward margim LJdzy ang T
Middleton. Theseenvironmentshave contrasting physical characteristics and uses.
While both are confined by cliffsJiddleton is much steeper ancbnsequently has been
developed for boat launching at its SE ehkldwever, iremains undevelopedlong its
northern endwhich is used fopassive recreationBy contrastn LJdzy Balyh@s been
entirely developedor recreation and contains a Holiday Park/Camggsround, Surf Clyb
large parkingreas, playgound angicnic area.

n LJdzy IBdy has recently been the subject of a Master Piuoffa Miskell,2016) to
guide future usage, a cli#stability assessmenQpus,2017)to reduce hazard risland a
comprehensive study of thgeomorphology, hazard and associated management
options(C%., 2019) Middleton Bay was the subject ofraanagement plam 1998 by Dr
Jeremy GibbHowever,over 20 yearhawe now elapsed andhere isa greater amount of
technical information availabl® identify the physical processes operating within the
Bay In addition,there isalsoa range of newegidation, policy, andtechnical
managemenguidance Consequentlythe STDC engaged Coastal &ystLtdto prepare
alongterm management strategy for Middleton Bain particular, thegoalwas to
investigatethe future sustainable management of Miétthn Bay including the potential
impacts of climate changéy addressing the followingbjectives

-Collectthe available relevant information;

-Carry out the necessary fieldspection;

-Describe the coastal environment;

-Overviewcoastal hazarddeachdune erosion cliff erosionand inundation;
-ldentify management options;

-Address future longerm monitoring requirements, and

-Consult with local residentén particdar Mr Brian Vincent aniir Gerald Bourke.

The coastal environmentas been describeith terms of the existing mamadefeatures
andthe existingandscapeand how these hae changed over timeldentifying such
changeis indicative ofuture behaviour.

In this reportthe Bay was been divided into 3 sectors: Northwestern (NW), Central and
Southeastern (SE) based on contrasting physical characteristics and ssadgégure 2)

TheSE Sectorontains boat launch infrastriiere and assets including a sealed carpark
fronted by a continuous seawdloulder revetmentandconcreke boat-ramp, as well as
various buildingand other infrastructure These assetre verymuch valued many
havng been developed by the community over several decatemagements required
to ensure these assetanresistlikely futureloweringof the beach immediately in front
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of the seawalk a process that will be exacerbated predicted climate changeOptians
includestrengthening the base of the revetment to prevent undermining and curving
6 a NB i ditdeIAW yedninus landward to prevent outflanking

TheNW Sectohas a natural foredune whiclas foundin the present studyo be
systematically eroding by 0.18 m/yr on averagéhis was in contrast to earlier
assessments whiatoncluded theshoreline to beessentiallystablealbeit fluctuating

When coupled with other erosion hazard drivers including predictedeea rise the
lifespan of the dunes along NW Secilimited to well under 100 yeardHowever,a full
hazard assessmergrequired to temporally definghis retreat ¢ this being beyond the
currentterms of referenceManagementptionshave been described falune
conservatiorto maximee their lifespan and enhancementf the landwardforest
remnantis also recommendedAll management options have been located in Figure 19.

Thebeachdune shoreline in th€entral Sectors a transition zonbéetween the
contrasting NW and SE sectoie underlying erosion trend, which will be enhanced by
any climate change effects, mean this sector will have the shortestdifesptructural,
nourishment and foredune conservation/enheament options have beedescribedwith
the latter being the preferred approach

The surroundingliffs vary in geological composition acwdnsequently irheadlandform
and behaviourThe short NWWoromontoryhas greateexposureto wave energy anthis
resultsina A R R Stéepey edclt.f. Opunake Bay The 1998 Gibb study foutitat
the surrounding cliffs were eroding at up 626 m/yr but nodata orspatial distribution
was provided. The present studgsessed the NW headland and fouatkes up to 009
m/yr and gully head erosion associated with thecBtop stormwater outletaveraging
0.2 m/yr. A detailed erosion assessment éjuired to accurately definerosion
behaviouralong the entire clifand thus enable the assignmenttbi followingtypes of
management: cliff stabilization, protective fences or barrj@rarning signsHowever,
urgent mitigatory action is required at the SE clifftop stormwater outlet as this presents a
particularly high hazard riskRiping of ths stormwater entry into the baghould be
considered in the longer termConsenting associated with the S&mwater discharge
also needs to be assessed

Observationdy residents, photgraphsand newspaper repostshow thatinundation by
storm waves coupled with extreme water levedshazardous with flowseachng well into
the car park which is lefittered with stonefrom the revetmenton least an annual basis
An inundation hazard assessment has yet to be undertaken to define levels, landward
extentand event frequency both now and in the futura the latter casepredicated sea
level rise could have a significant effeManagemenbptionsincluderaisngthe
revetmentcrestto prevent/minimize overtoppingarmour the revetmentfaceto prevent
its stone being transped into the car park, andesurestructures and other items (e.g.
picnic tables) are securéngoing potection of the remaining historical boagshed which

is located within the carparks alsorecommended
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To better understand and define future changes to the geomorphological system,
associated hazards and risk, and future management options, a measuréased
monitoring programmehas been outlinedSuch a programmicuses on regular
(biannual) profile stveys,less frequent terrestrial5 yearly)and seabed (10 yearly)
surveys, as well annualstructure surveysLiaising with the TRC is recommended when
finalizing themonitoringprogramme. Of note is the second six monthly profile survey is
now due aml a first ever bathymetric survey should be plantfiedthe near future.These
surveys are also required far LJdzy” Bay (Bs detailed in the CSL (2019)Jdzy Bay T
study) so cost saving efficiencies are available.

CONSULTANT DISCLAIMER

Coastal Systems Ltd (CSL) have prepared this document for exclusive use by the Client in
the described project. CSL accepts no responsibility for consequences of usage of this
R20dzySyidQa YFOGSNARFfa F2NJ IfadSNYFGAGBS dzasSa

Without written permission from CSL, the Client shall have no right to use any of the
prepared documentation/information until the Work is completed and paid for.

CSL have exercised due and customary care in preparing this document, but has not, save
as spedically 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 are based on mistances and facts as they
existed at the time CSL performed this work. Subsequent changes in such circumstances
and facts may adversely affect the recommendations, opinions or findings, and CSL
assumes no consequential responsibility.

COASTAL SYSTEMS LTD

Q}féwx

XXXXPPEPXXXXXXXXXD
Dr Roger Shand
Senior Coastal Scientist
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APPENDIX A  Photographs taken in October 1998 for the Gibb report

i A ARE T 1ty K S : : R
Figure 2: Recent landslip SW of the boat ramp and boulder beach providing some protection to the seacliffs from sea
erosion (Photo: 14 October 1998)

i
5

Figure 3: Middleton Bay looking SE at low tide showing volcanic-derived sand beach and well vegetated foredune (Photo
15 October 1998)
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Figure 4: View SE of the developed SE half of Middleton Bay showing old and recent buildings and foreshore structures
(Photo: 15 October 1998)

T g —~
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Figure 5: Concrete boat ramp and groyne, which has trapped cobbles and boulders on the S side (Photo: 15 October
1998)
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= T e SIARRE 2
Figure 6: View NW from boat ramp showing the 80m-long concrete and rubble revetment overlying the natural boulder
beach (Photo: 14 October 1998)

Figure 7: View SE showing the 20m-long rubble revetment which has caused up to 5m outflanking and the undermining of
the 2 old boatsheds (Photo: 14 October 1998)
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