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Executive summary

This report provides advice on two hazard situaticglating to rivemouth processes: one at

Hokitika, the other at Neils Beach in South Westland. At Hokitika, the main issue relates to the
southward deflection of the Hokitika River outflow channel behind a bar rooted to Sunset Point on
the north bank. This mouth configuration has raised concerns about potential effects on flooding in
the Hokitika River estuary and on erosion of the Hokitikashore. At Neils Beach, a phase of shore
erosion over the padive years or so is consuming the single foredune that protects the Neils Beach
settlement and airstrip. Advice was sought on the cause of this erosion and potential mitigation
options.

At Hokitika, the river mouth bar is unlikely to significantly affect flood levels in the estuary because
the additional river path to the south side of the river mouth is not substantial compared to the

direct outlet path, while a large flood could be expeatte quickly enlarge the outlet channel. The
present mouth configuration is, if anything, facilitating the northward wdvieen transfer of sand

and gravel from the river mouth area to the Hokitika foreshore. The eroding span of shore on the
north side ofthe Sunset Point carpark is eroding primarily because it is indented back from the line of
the two robust seawalls, which causes egftects.

The recommendations at Hokitika are to:
A do nothing about the river mouth bar immediately, but monitor its foamd if it grows
substantially from its present state consider an artificial cut past Sunset Point

A link the robust seawalls at Sunset Point and fronting Hokitika town centre together
into a continuous wall along a smooth line, with the linking sectiort tuthe same
standard as the two existing end segments.

At Neils Beach, aerial photograph evidence over the past 40 years indicates a history of erosion and
accretion cycles. The beach fronts the western side of the Arawhata River delta, which has a form
determined by the interplay of coastal and river processes. When the deitadzf 3Sa3 Q a4 St g1 NR
following Arawhata floods, the shoreline configuration is such that begate river sediment is

spread west by waves from the northerly quarter, stocking up NBsikch, while the bulge also acts

Fa F waz2Fd INRPeySQ (KIFIG KAYRSNEBR GKS Shkaidsl NR (NI
from the prevailing westerly quarter. At other times, though, coinciding with periods of relative

dominance by coastal p@S da Sas>x (GKS NAGSMTEWXdzI K RO defKES NA I SWNIE2
eastward causing Neils Beach to erodEhe recent erosion phase is such a case, and was likely

triggered by a combination of a very large wave and longshore transport eveawéallby two years

of benign river flows and low sediment delivery. Field evidence suggests that the Arawhata River has

now returned to its more normal position closer to Neils Beach, with some renourishment occurring

from river sand and gravel and lesise Y Sy & af S 1Ay 3¢ Sl adsl NRO | 26 S¢
years or even decades for the beach sediment ste@ksbuild again. In the meantime, the shore

remains vulnerable to further erosion from storm waves. In the {t@rq, the shore will contiue to

experience erosion/accretion cycles, with erosion exacerbated by rising sea levels.

The recommendations at Neils Beach are for a staged response by:
A importing sandy gravel from the Arawhata River channel to build a protective bund
(and at the sameitne building up beach stocks)

Rivermouthrelated shore erosion at Hokitika and Neils Beach, Westland 5



monitoring the position of the shoreline fronting NelBsach and the configuration of
the Arawhata River outlet, and, if the outlet migrates easitting a new western
outlet

developnglongterm plans for relocating asse®yond the zone at hazard from the
erosion/accretion cycles, allowing also for the effects of futurelsgal rise.
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This report responds to a request from West Coast Regional Council (WCRC) to provide brief advice
on two hazard situations, one &tokitika, the other at Neils Beach in South Westléfidurel-1). At
Hokitika, the main issueslated tothe southward deflection of the Hokitika River outflow channel
behind a bar rooted to Sunset Point on the north bank. WCRC were concerned about the potential
effects of this situation on flooding and on erosion of the Hokitika foreshore. At Neils Baattdis&

of shore erosion over the past 5 years or so is consuming the single foredune that protects the Neils
Beach settlement and airstrip. WCRC sought advice on the cause of this erosion and potential
mitigation options.

Both sites were inspected in Otter 2015.
The work was funded by an Envirolink Small Advice Grant (Coh6268WCRC147

Hokitika

Saltwater Lagoon

| Abut Head g
Waitangitaona River ‘\
S

Okarito fagaon,

Waiho River SSS
Waikukupa River
Gillespies Point

Cook River
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Open Bay Is -
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Hannabs C!
Jackson Head | Jackson
Jackson | Bay

Figurel-1: Map of Westland locating Hokitika and Neils Beadhap sourced from MapToaster.
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2.1 Background

During 2015, a period lacking any major floods, the Hokitika River mouth has migrated south,
resulting in a long sandy gravel bar which is partially blocking the river mouth. The Hokitika
community have expressed concern about thisation to WCRC, wondering if the partially blocked
mouth might increase the river flooding risk at Hokitika if a major flood flow did occur. There are also
concerns with foreshore erosion at Sunset Point, immediately north of the river mouth. Erosion at
this location has worsened recentgnd WCRC wondered if thatay be due to a lack of sediment
transported to this are@ possibly related to the bar migration situation.

WCRC sought advice on these two (possibly related) issues to help them decidi arhgtaction
would be required to deal with these situatioria.particular, advice was sought on the utility of an
artificial cut through the bar immediately beside Sunset Point to encourage the river outflow to
swing north.

The work involved inspeicin of aerial photographs of the river mouth provided by WCRC, a field visit
on 28 October 2015. Oral advice was provided to WCRC on that date, and this is summarised herein.

= QOutlet

Hokitika River estuary

o 7

Figure2-1:  Bars partially bbcking Hokitika River mouth, September 2015/iew is to southwest. Note
obliquelyapproaching waves. Photograph supplied by WCRC.
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2.2 Field inspection

The Hokitika River mouth was inspected2éOctober 201%&round midday, part wathrough an
incomingtide. A moderate westerly swell was breaking, driving a northward longshore current. Key
observations were:

A The main river outflow channel remained deflected to the southern side of the river
mouth.

A The river mouth bar wasdouble bar(including an inneand outer bar as in Figure2
and Figure 2). Wave swash wasllecting inthe runnel betweerthesebars andwvas
flowing into estuaryFigure2-2). This had cut ahannel some 10 m wide hard against
the rip-rap at the tip of Sunset Point. This conveyed more flow as theléie rose.

The outer bar appears to have been swept inshore off the broad area of river mouth
shoal.

A The seaward side of the Sunset Point cakpaas fronted by a broad sandgyavel
beach / foreshore bar that connected to the outer bar across the river mouth. Waves
broke obliquelyall along the outer bar anthis beach and drove a northward drift of
beach sediment, thus waves were working sedimeoff the river mouth bar towards
Hokitika Figure2-3).

A LYYSRAIFIGSt& y2NIK FTNRBY GKS ac¢lkYozé i {dzya
span of shore between thevo wellHformed seawallsRigure2-4). The span of poorly

constructed ripNJ LJ &SI gttt AYYSRAIFGStE y2NIK 2F (K¢
collapse and wave overwiasThe riprap in this segment was smaller and placed lower

than the more robust segments of seawall. Driftwood litter and sand patches on the

berm and road behind this section indicated recent overtopping by wadvigsag 2-5).

The worst erosion was to the unprotected segment of shéigyre2-6). This suffers

FTNRBEY GSYR STFSOGa¢esxs NBOSAGAY3A FRRAGAZYIFT |

ends of the seawall segments. The whole eroding span of shore is indented relative to

the enclosing segments of robust seawall. This creates an additional focus for wave

energy.

A Further north, past the Hokitika town centre, the beach was sandy and reasonably
wide, having accreted over the past year and beginning to lap over the new seawall
(Figure2-7).

2.3 Situation analysis

2.3.1 River mouth bar

My assessment is that the river mouth bamot likely to significantlgffect flood levels in the

Hokitika River gtuary. This is because the additional river path to the south side of the river mouth is
not substantial compared to the direct outlet path. Also, a large flood could be expected to quickly
enlarge the outlet channel. Moreover, the small swash channalinghhard beside Sunset Point (if it
remains) would be enlarged during a flood.

Rivermouthrelated shore erosion at Hokitika and Neils Beach, Westland 9



Figure2-2:  View south from Sunset Point lookout at Hokitika River mouth on 28 October 20Nate
double bar and swastotiecting in runnel between bars and flowing into estuary.

Figure2-3:  View north from Sunset Point lookout at Hokitika River mouth on 28 October 20MNote
beach/foreshorebar in front of carpark and obliquelyreaking waves driving northward longshore transport.

10 Rivermouthrelated shore erosion at Hokitika and Neils Beach, Westland



Figure2-4: +ASg yY2NIK FTNRY a¢l Yo2é (G NotzednBus offoreshofebar2y Hy
extending past Sunset Point, erosion inpnotected span of shore between rijap seawall segments, finer

rock size and lower height of seawall adjacent to eroding section, and channel conveying swash to eroding
section.

Figue 2-5:  Vieweast towards Sunset Point access road 28 October 2015.Note driftwood litter and
sand patches on grassy berm and beside road, plagevave overwash.

Rivermouthrelated shore erosion at Hokitika and Neils Beach, Westland 11



Figure2-6: View north along eroding, unprotected span of foreshore between seawalls on 28 October
2015t K2G2 GF 1Sy 2dzad y2NIK 2F Aac¢l Yoz2ed

Figure2-7:  View north along Hokitika town foreshe on 28 October 2015.Note reasonably wektocked
sandy beach lapping rFrap seawall.
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In the unexpected case of the bar appearing to impede a flood, a machine could be deployed to
assist a channel to open past Sunset Point.

BasedontheobservadlA (i dzZ GA2Yy S GKSNB gl a || aKSFHfGKeeg y2NIK
operating, transferring beach sediment from off the river mouth bar to the foreshore past Sunset

Pointg thus the bar configuration did not appear to be having any detrimental effedtteach

sediment supplies to the Hokitika foreshore. Indeed, it probably assists this, since the long bars

provide a consistent and substantial breaker angle thatedrthe longshore transport paSunset

Point (whereas wave/current interactions and offsadrars associated with a river outflow directly

past Sunset Point will tend to interrupt the longshore transport).

Monitoring water levels in the estuary at the Hokitika wharf would inform on the extent of outflow
impedance provided by river mouth baas Hokitikag since an impeded outflow will reduce the
range of the tide. Such a record, once compiled over several years, would become increasingly
valuable.

2.3.2 Foreshore north of Sunset Point

The eroding span of shore is eroding primarily becauserdented back from the line of the two

robust seawalls, which causes eeffects. The fix is to link the seawall at the carpark in a
continuously line with the longer seawall extending along to the town centre. The link section should
be built to the sametandard as the two end segments. Without this, the erosion will likely continue,
possibly even resulting in waves cutting off the Sunset Point Road.

2.4 Recommendations
The recommendations for the Hokitika River mouth issues are as follows:

A Do nothing abouthe river mouth bar immediately, but monitor its form and if it grows
substantially from its present state consider an artificial cut past Sunset Point. Leaving
it asis would appear to assist sediment transfer onto the Hokitika foreshore.

A Monitor water lewels in the estuary at the Hokitika wharf on an ongoing basis to inform
on the extent of outflow impedance provided by river mouth bars. After some years,
the record will providausefulguidance on how to respond to situations like the
present one.

A The robist seawalls at Sunset Point and fronting Hokitika town centre should be joined
into a continuous wall along a smooth line, with the linking section built to the same
standard as the two existing end segments.

Rivermouthrelated shore erosion at Hokitika and Neils Beach, Westland 13
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3.1 Background

Neils Beach, between Haast and Jackson Bay, is a small community consisting of roughly 15 homes
and an airstrip. The settlement is located just west of the Arawhata River mouth, and over the last 5
years has experienced severe erosion-dihd'yr. This ero®n has consumed some 20 m of foreshore
and protective dune, and has advanced to the state where continued shore retreat may expose
dwellings, roads, and the SW end of the airstrip to damage or loss by erosion or by increased risk of
coastal flooding. Opbins such as protective structures (e.g. a-8edl) have been considered, but

WCRC first sought a better understanding of the underlying cause of the recent spate of esasion
then some advice on an appropriate mitigation response.

3.2 Geomorphic setting

From a geomorphic perspectivideils Beaclspans the western side of the Arawhata River digita
Jackson BafFigure3-1). Waves arriving dominantly from the Wesfreet around Jackson Head and
break at an angle to the shore, drivingnet north-eastward longshore drift of beach sediment that
appears to be sourced mainly from the Arawhata Riwost of the Arawhata sediment is moved
north-east, but occasional wawvents from the northerly quarter will drive a reverse drift from the
river mouth back onto Neils Beach.

To thenorth-east of the river, a series of backshore beach ridgegire3-1) indicate how the wave
distributed river sediment has built out thiackson Baghoreline over the past 8000 years or so (i.e.,
since sedevel stabilised after its last major peglacial rise). Most likeJyhis shoreline advance has
occurred on an episodic basis, associated with high sediment discharges from the Arawhata River
following Alpine Fault ruptures.

Jackson Head

Jackson Bay

Arawhata River

T .
Neils Beach F
4 5 \y Yy §
W T ot § A

7‘)& ,v'

Airstrips.,
o8 \

Figure3-1: Photomap locating Neils Beach on theestern flank of the Arawhata River delta Satellite
image from 9 April 2013. West is to the left.
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3.3 Field inspection

The authovisited Neils Beacbn 29 October 2015, walking the shore between the Arawhata River
mouth and the Jackson Bay road and irdjppey the shore along the road to Jackson Bay wharf. The
weather was fine, with a light westerly swell.

3.3.1 Observations
My main observations were:

A Active foreshore erosion was occurring from neetist of the airstrip to the Jackson
Bay Roadd.g.Figure3-2). The single sandy foredune fronting the grassy swale in front
of the settlement(Figure3-3) was severely eroded, with the eroding edge part way
down the back slope of the foredune. Total loss of this dune would potentially expose
the road and some dwellings to sélaoding.

A Further west, the erosion was progressing into bush (mitthreatening assets),
exposingbackshoreeatures such as peat layers and swamp/swale depdsiggi{e
3-4). Thiswesternshoreis naturally partly armoured by a ramplotally-sourced
cobbleswith some of thesdhavingbeenwashed ly waves into the backshore bush
(Figure3-5). This shoralso receives some protecti@gainst wave erosion at high tide
from exposed tree roots and fallen trees.

A In contrast, within a few 100 m ¢ifie river mouth there appearetb be a relative
abundance ofiver-sourcedbeach sedimentwith accreting baref fine gravelFigure
3-6) and windblown sand patches

A On the day, the longshoreansport in front of the settlement was nortbast (as
indicated by the angle waves broke against the shore), but this reversed close to the
river mouth due to the presence die large gravel babuilding from the river mouth
(Figure3-7). This was trappig sand eroded from further west along Neils Beach.

A ¢KS I NI gKIFGF wA@SNRa 2dziTt2¢ OKIyySt (2
(Neils Beach) side of its delta ar&agure3-6).

3.3.2 Assessment of beach sediment sources

Neils Beach was stocked with two types of sedimplaity, greybrown pebbles and cobblesf meta
sandstone lithology, and finemore well-rounded grael of schist origirfFigure3-8). The former

became dominant, coarser, and more angular towards the west and was clearly sourced from the
localgullies incised in theteep moraine slopes on the landward side of the Jackson Bay Ruad.

latter became dominant closer to the river and was identical to the-tmederial of the river itself.

We do not expect any beach sediment supply from sediment passing around JackdpsikiEathe
seabed deepens quickly tver 100m by some 2.5 knoffshore (Rattenburyet al. 2010) Thus the

Neils Beach stock appears to be derived from very local stream/gully sources from the west and from
the Arawhata River to theorth-east

Rivermouthrelated shore erosion at Hokitika and Neils Beach, Westland 15



Figure3-2:  Eroding foreshore of Neils Beach east of settlemeriiew east towards Arawhata River mouth

Figure3-3: Eroding grasse@ver sanddune, NeilsBeach settlement View east towards Arawhata River
mouth.
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Figure3-4:  Eroded, forested shore west of Neils Beach settlememtiote exposed older dune sand with soil
and forest coverView is west tavards Jackson Bay.
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Figure3-5: Platy shingle wavevashed into bush, west of Neils Beach settlemenNote exposed silt beds
from ancient backshore swale. View is west into Jackson Bay
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Figure3-6: Accreting finegravel bar, west side of Arawhata River mouthView is to northeast. Sufrin
distance marks river mouth

Figure3-7:  Longshore tranport convergencepoint west of fine-gravel bars at eastern end of Neils Beach
Left photograph looks west intdackson Bafyom gravel bay note breaker approaching from wesRight
photograph look$ackeast tosamegravel bar note breaker approding from east
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Figure3-8: River and locallysourced beach gravel on Neils Beacheft shows mainly finer, rounded schist
pebbles sourced from the Arawhata RivRight showglaty meta-sandstone pebbles and cobbles sourced
from hillside gullies immediately west of Neils Beach.

3.4 Further analysis

A brief officebased analysis was undertaken to clarify the recent history of shoreline position off
aerial and satellite imagery and tearch for any signal in the dominating natural processes: waves
(and their potential to transport beach sediment alongshore) and flows from the Arawhata River
(and their delivery of beachrade river sediment).

3.4.1 Shoreline change captured on aerial antefiie imagery

Satellite imagery of Neils Beach and the Arawhata River mouth were sourced from Google Earth
while scanned vertical aerial photographs were supplied by WCRC. Collectively, these provided a
sequence from 1977 through 2013 (although someetage of the area was only partial). The older
images were georeferenced anectifiedto overlie the 2013 imagery using the ArcGIS softare
Shorelines, defined by the edge of foreshore vegetation, were digitised on each set of imagery.
Figure3-9 shows a sequence of selected imagery with the 2013 shoreline superimg€igade3-10
shows the earlier shorelines overlaid on the 2013 imagery.

Features to note are:

A Since 1977 (at least), the Neils Beach shoreline has experienced advance and retreat
cycles. In 1977, the shore in front of the settlement was about where it is now.
Between then and now it has built out by ~ 50 m and eroded away again.

A While the 1977 photo stops at the end of the airstrip, we suspect that the 1977 shore
position further west may be indicated by a linear feature in the backshore vegetation
onthe 2013ima§ o Y I NJ SR ¢Rigiirés-10). Yesitd this ePogion phase in
front of the settlement in 1977, the 1977 shore was relatively accreted at the
Arawhata River mouth.

1 Checks at reference points (e.g. building corners) indicated that this rectification was accurgertanithe area of the settlement,
G6KSNE GKSNB 46Fa Iy | o0dzyRFyOS 2F WaKlNLIQ TSI (dzNBdsthd dedrinbuthar®l 2 NJ dza S
towards the Jacksons Bay road.

Rivermouthrelated shore erosion at Hokitika and Neils Beach, Westland 19



A By 95, the river mouth corner had been cut batlo$t likely by the large flood that
occurred in 1994 see Sectior3.4.3.

A By 20035, however, substantial accretion (~ 50 m) had occurred all along Neils Beach.

A By 201611, the shore had retreated again, with a further retreat of ~1Bm in front
of the settlement up to 2013.

A Considerable erosion has occurred since the 2013 imagery was acquired. For example,
the strip of brush visible on the grassed foredune in fronthefsettlement in 2013 has
y2¢g 0SSy t2ad O VYHgNR3E®R 6AGK 'y a9é 2y

A Through the current retreat period, the Neils Beach shoreline has pivoted clockwise,
wil K G§KS NAOGSNI Y2dzi K WodzZ 3SQ KIFI@Ay3d o6SSy LN

Thus the present phase of erosion is part of a mualéicadal cycleSuch cycles are typical of
shorelines adjacent to wavdominated river mouths. The imagery record is too sparsenedpivn
exactly when the erosion phase began, but it would appear to be sometime between 2005 and 2010.

At a widerscale, changdsave also occurreih the configuration of the Arawhata River mouth bar

and the alignment of the main river channel. In partir, from 1977 through thenid-2000s(at least
when captured on aerial photographs) the mouth bar tended to bulge seaward and the river outflow
tended more central owest In contrast,since 201(at least)the bar has tended to run straighter

and the river outflow has deflecte@astbehind the bar. Tis has coincided with river mouthulge

beingW LJt 2 yF&EXlockwise pivoting of the Neils Beach shorelthe accumulation of a
drumstickshapedsediment deposibn eastside of river mouthand eastward retreat of theright

bank of river(compare 2003 and 2013 imagedHigure3-11). Essentially, in this river mouth state

the river only feeds sediment to the shore noglstof the river mouth (where some of it becomes
GNJ LILISR 2y (GKS WRNXzY ahé hulgd addshoregpikotirig Snahlek BavedB Y2 @ £ 2
arriving from the west to sweep sediment eastward off Neils Beach.
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Figure3-9: Satellite/aerial imagery sequence of Neils Beach, 1977 through 202813 vegetatioredge

shoreline(red line)overlaid on each image.
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Figure3-10: Satellite image of Neils Beach acquired on 9 April 2013, with previous shoretiweslaid. Shorelines defineé @ G KS SR3IS 2F @S3ASGl A2y
AYFSNNBR (2 06S 2fR aK2NBfAyS 0LJ2aaAo0f & Wherenhdre is &Kdat€ range (9. A088} theshomelihdldbdadgey IBtle Beteblid y 2 ¢ f
images and so only one line is plotted.
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Figure3-11: Neils Beach and Arawhata River mouth in 2003 and 20MNbte2 Y HnamMo A YF 3SY ¥ hdrthivir@disfaRed mbutht R NM2w d1 A S a8t INER ¢ ( K
side of river mouthand rightbank of river trimmed back
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3.4.2 Waves and longshore transport potential

{ Ay OS WI ydzr NBE Hnny 36 bilS XXpoRditiéns (Feiyht,Ppéibdidirectiomy S S LI
around the New Zealand coast based on wind fields predicted by a glodlal atmospheric

circulation model. Archived data from this forecasting for a station 15 km seaward of Jackson Bay
was supplied by Dr Richa@&brman (NIWA, Hamilton). This record was converted into an
approximate record of wavdriven longshore transport potential at the shore using the formula
provided by Ashton and Murray (2006), assuming a straight shore with a regional orientation of 237
degrees (i.e., approximately SW9 0 ' YR [ R2LIIAY3 Iy aSTFFAOASyOe
gravelly santl The longshore transport potential is showrFigure3-12A, and the accumulated
transport is shown ifrigure3-13.

Figure3-12: A:Longshore transport potential past Arawhata River moytR0082015; B: Flow in Arawhata
River, 20082015.

2 Refracting and shoaling the wave data from the deegier station into Jackson Bay was beyond the scope of this study so the actual

transport rates derived using the simplifying, straighk 2 NB | LILINREA Yl A2y &K2dzZ R 0 $heldss tésdlR S R
should still provide an index of temporal patterns in the strength of the longshore transport potential.
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