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Executive Summary

The City of Greater Geraldton has developed a coastal adaptation plan for theetomg
management of coastal hazardsiafptation proposed at Bluff PoinGeraldton, involves a
low crested GSC grognwithinitial sand placement on its southern side locally protect
assets south of Bluff Poirdentified asvulnerable to erosion by 2030he groyne is
expectedto retain sediment on its south side due to prevailing net northerly sediment
transport. Theocean entrance of Chapman Riv@tocated on the north side, and
consequently modifietheachdynamics could affect stability of the river entrance

Environmentabssessmenfior the proposed groynédentified potential for indirect impacts

on saltmarshcommunitiesnearthe mouth of the Chapman RiveRdzS G2 al f 4§ SNBR
hydrology/tidal restrictio (GHD 2021)This saltmarsh is recognised as a Threatened

Ecological Community (TEC) under the Federalt&ment Protection and Biodiversity
ConservatiorAct 1999 and the City is required to demonstrate no inggaonthe TEC.

The scope of this investigation islexaly assesgotential impacts ok groyne on stability of
Chapman Rivegntrance supporing evaluatiorof indirect impactgo saltmarshTEC.

Assessment of historic and recent behavibasidentified the Chapman River entrance has
experienced discrete state changes, strongly linked to a substantial ciariger flow that
occurred around 2000

1 Prior to 2004, relatively higher river flow conditions determined that the entrance
bar was low elevation, subject to overflow, deflatjiamd wave overwash.

9 From 2004 onwards, the bar transitioned into dune behaxjovith permanent
vegetation supporting growth.

1 The bar has subsequently been subject to coastal erosion from 2010, as a southward
extension of the wider erosion trend which has dominated Sunset Beach area since
around 2000.

Behaviour of the entrance Hghly seasonal, with the channel opening through the onset of
winter river flow, and generally closing within a few weeks after flows have tailed off,
through a combination célongshore and crosshore sediment movements.

Installation of a groyne at &ff Point is expected to modify alongshore sediment transport.
Evaluation of impacts has involved (i) consideration of tidal inlet stability; amddiiation

of active coastal processes. Modelled impact to tidal inlet stability is marginalthveith
general expectation that the channel will remain open for slightly longer each season, but
that it will still close if a neap tide phase coincides with moderate wave conditions.

The anticipated impact of the proposed groyne to modify active coastal psesas

substantial Structures at Bluff Point will accelerate erosion between Chapman River and
north Sunset Beache threat to Chapman River entrance bar is significant, as the bar was
formed through a discrete development phase and has subsequently &eposed to

ongoing erosion pressure. Installing a stabilization structure at Bluff Point will accelerate loss
of this bar.

Overall, it is not recommended to conduct the proposed groyne as suggested, or to replace
with a groyne field
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1. Intro duction

The City of Greater Geraldton has developed a coastal adaptation plan for theetomg
management of coastal hazards (Baird 2018papiation proposed at Bluff Point, Geraldton,
involves a low crested GSC groyRigurel-1) with initial sand placement on its southern
side to locally protect assstsouth of Bluff Poirtlentified asvulnerable to erosion by 2030
(MRA 2020)The groyne isxpectedto retain sediment on its south side due to prevailing
net northerly sedimentransport.

Groyneause the process of wawdriven alongshore sediment transport. A groyne traps
sediment on the updrift sidegltering the beach angle, whidh turn slows the rate of
transport. However, performance of a groyne is not always straightforward, and it can
potentially introduce greatershoreline variabilityparticularly on the downdrift sideThe
groyne proposed at Bluff Point is adjacent to the ocean entrance of Chapman River, and
consequently modifietheachdynamics could affect stability of the river entrance

Environmental significance of changiiger entrancedynamics is developealy the

presence of coastal saltmarsh communitie=arthe mouth of the Chapman River. This

saltmarsh is recognised as a Threatened Ecological Community (TEC) under the Federal
Environment Protection and Biodiversity Conservation (EPBC) Act 1999, with location and

extents to be confirmed in a planned terrestrial flora and vegetation survey. Environmental
assessment identified potential for indirect impactssaitmarshcommunitiesfrom the

LINPLI2ZASR INReyST EALISOATAONff & é¢R®ABR021)2 dal f GSNBR

The scope of this investigation is to provide local assessment of potential impacts of
proposed groyne on stability of Chapman Rimetrance to supportassessment of indirect
impactsto saltmarshTEC. The scope includes comparison of channel and lrahoiogy for
existing conditions (baseline), and with projected influence pfoposed groyne.
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Figurel-1: Site Figure

SE0127 Chapman Riveand Bar Assessment Rev0.docx



Seashore

2. Chapman River Entrance Dynamics

Chapman River israoderatesized river systerwith a catchment of 160kn?, located in
the semiarid Midwest region of Western Australidebouching into a micrtidal region of
southeast Indian Oceaithis combination of low tide and low/occasional flow leads to
classification as a waxa@ominated estiary Heapet al. 2001), which is typically
characterised by a sand bar partially across the river entrance @ydr2005). This
characteristic structure occurs at the mouth of the Chapman Rwigh a channel that has
historically broken out south adhe sandbarFigure2-1).

Entrance dyamics are developed through a combination of riveriwave and tidal
processesBehaviour results from interactions different geomorphic and structural

features, suggested by the system interaction diagreigyre2-2). Active drivers vary for

different features Table2-1), with behaviour of larger features generally providing

Go2dzy RF NBE O2yRAGAZ2YAE T2N aYl éfecBdithed2 YLR Y Sy (i
proposed groynés notdirectly relakdto bar and channallynamics but occurs through the

medium of beach chang®ynamics occur over multiple scales, vaddiment moved

around and overocky features, including reefs and rock platfor(Rigyure2-3). When
resolvingdynamicbehaviour, it is also noted that change occaver different time scales,

with consideration given to seasonal, episqQ@icinter-annual variability.

Examination ofirivers and processeme reported in the Appendices

Appendix A: Meteorological and Oceanographic Drivers

Al Winds
A2 Water Levels
A.3 Waves

A.4  Chapman River Flooding
Appendix B: Coastal Processes
B.1 Regional Scale Coastal Processes
B.2 LocalGeomorphic Overview
B.3  Simulated Alongshore Transport & Groyne Influence
B.4  Crossshore Transport Considerations
B.5 Tidal Prism Assessment and Entrance Stability

SE0127 Chapman Riveand Bar Assessment Rev0.docx 7
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Figure2-1: Key Geomorphic Features Adjacent to the Site
Obliques Aerial from May 2011 Source: WACoast (Goz2add) | Ground Photographs from Septemb@016
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Figure2-2: System Interaction Diagram

Table2-1: Drivers, Dynamics and Evidence

DynamicFeature Drivers
Wave | MSL | Tide | How | Evidence of Behaviour
Bay Dynamics
- Sediment Availability \Vj Vi Sediments
- Alongshore Distribution \V; V Morphology
Beach Dynamics
- Alongshore Transport \Vj Vegetation lines
- Crossshore Transport \Vj \V] \Vj Beach lines
River Dynamics
- Sediment Supply V | Sediments
- Flood Scour V | Flow record
BarEvolution V Aerial imagery
ChannelDynamics Vv V V | Aerial imagery
Sill Variability V V V Not available (inferred)
Effect ofGroyne V Not available (inferred)

Available information for drivers and dynamicxies over timeKigure2-4), creating

windows to understanding behaviour. From 192010, coastal change is informed by aerial
AYF3ISNE WaylLlaK2iaQ FyR GKSNBE A& y2 RANBOGAZ2YVI
available from 2011 and frequesatellite imagerwith sufficientresolution to look at the

river entrancebecame available fror2015. Variation of drivers is outlined in Appendix A

andcoastal processeare outlined in Appendix B.

SE0127 Chapman Riveand Bar Assessment Rev0.docx 9
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Figure2-3: Local Bathymetry and Influence of Reefs on Inshore Waves

Information suitable fodirectly assessingeasonal behaviour is restricted to the period
from 2015 to 2020, when there is both directional wave data and compafptihigh
frequencycapture ofsuitable satellite imagery.
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Figure2-4: Available Information on Drivers & Dynamics
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2.1. HISTORICRIVER ENTRANCE/ARIABILITY (1967 -2014)

Variabilityof Chapman Riveantrance hadeen assessedsually fromhistoric aerial

imagery with a time sequence illustrated by a selected subset of imdgjgarg2-6). An
openchannelwascapturedon three occasions, ih988,during a minor flood i1997 andn
2002 Although these are sequential imagéss considered that this is largely coincidence,
with more frequent observations (Secti@?) suggesting a strong seasonal cycle, and hence
the state of the entrance is affected by the month of imagery capture.

Observed position of thentrance mouth positiomanges 450m, frona souherly position in
1967 toin line with the river channel in 198&ith subsequent breach points varyifrgm
120 to 300m south of the 1988 positidihis noted that
I Theentrancebar was subject toccasionabverwash and deflation until 2004,
evidenced g a lack of vegetation, with overwash illustrated by the 2002 image.
I From 2004 onwards, the bar transitioned into dumehaviour with permanent
vegetation supporting growth.idar survey indicates heights o#igth AHD in 2016A
small area of dune also developed south of the channel mouth.
1 The channel position behind the dune has remained largely stable, although the
mouth has varied in paosition, intermittently truncating the southgart of the dune
/ bar, creating a denudedower elevation area.
Overall, hisis a significant state shift, from an overwashing bar to a barrier bar across most
of the ocean entrance.

Mechanisms associated wigtiate shiftirom 200322004include

1 River gauging indicates substantially lower #osince 1999Appendix Ad).
Although this reduces opportunity for disturbance of the bar from the landward
AARSZI JrovidRentéhgn3m for dune development

1 Total water levels generally increased from early 1990s to 2011, which werepeak
Nifio andla Nifa climate phases. This period included mean sea level peaks in 1999
2000 and 2008, and a peak of the 18.6 tidal phase in Z8@®n 2000 to 2004, mean
sea level dropped by almost 0.2m, which is conducivdéach stabiliband dune
development

f Nondirectional vavemeasurements from200& nny AYRAOFGS | aKATF4G ¥
(wave height to periodandstormy wave conditionsizLd G2 Hnnoahd G2 aF€ F GG
calmerwave conditiongsee Appendix B.4)Vave flatteningorovidesan increasing
ratio of spillingto plungingwaves giving tendency towards onshore sediment
movement.

1 The wind record suggests the 20R004 period was transitional in both summer
and winter, withincreasing westerly component to summer winds amcteasing
proportion of northwest and westerly winds during wint@&@oth suggest conditions
likely to weakea northward alongshore transport. The fluctuationtypical of inter-
annual wind variability.

Individually,wave and water levgbrocessesvould nothave supported state shift, as they

had previously occurredvithout causing the bar to develop into a durtéowevernear
simultaneousoccurence followinga shift to low flow conditionssupported dune

development, which subsequently prevented dune overwash and provided partial control to
the channel.

SE0127 Chapman Riveand Bar Assessment Rev0.docx 11
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It is worth noting that behaviour of the Chapman River entrance was not apparently
associated with high rates of alongshore sediment transport following {scgke

renourishment in 2004 of the beach north of Batavia Coast Marina, with material excavated
during the Southern Transport Corridor constructidlmrthward dspersion of the
renourishment material occurred over several yeaa sing a wide beach Bean Street

from 20052007and at Hungerford Street from 202D12.

Variable sediment supply fronm& south has a relatively minor influence on beach
behaviour between Bluff Point ar@lenfield, which is dominated by a northward transfer of
sediment, includingrogressivebeach retreat of up to 1.6m/yr at Sunset Beach over 1988
2018 and accretion of 1d/yr at Glenfield BeactBishopTayloret al. 2021). Progressive
beach retreat has occurred at the river mouffiqure2-5), with the present shore roughly
30-50m landwad of the 1967 positionKigure2-6). However, south of the mouth, a point of
inflection linked to nearshore reef has eroded southward and straightened, indicating
reducinginfluenceof shelter, with the erosion rate delaydobm 20002010,suggesting
influence of supply from the south

Progressive
Retreat

Southward
Retreat

Annual coastlines

2019
2015

7
¥
v,
)
D
&

[re

2010

2005

2000

Figure2-5: Local Coastline Changes 198818(Digital Earth Australia)
DEA Coastlines derive the average annual beach position (BiSrayoret al. 2021)

Changing state of the river mouth has affected sediment movement within the entrance
(Figure2-6). High flow conditions prior to 1999 caused channel widening, apparent in 1967
and 1997 images. Channel infilling characteristic of tidal influx is evident in 1988 when the
mouth was in line with the channdfrom 2M@2 onwards, development of the bar into a

dune has reduced sediment influx, with wibtbwn drift towards the east side of the dune
being irregularly scoured out by flow through the narrow channel behind the dune.

SE0127 Chapman Riveand Bar Assessment Rev0.docx 12
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Proposed

Figure2-6: Historic Variability at Chapman River Mouth
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2.2. RECENTCHANNEL AND ENTRANCE BEHAVIOUYRO15 -2021)

Relatively greater frequency and quality of imagery available from 2015 supports evaluation
of seasonal variability of the river mouth. This has bassessed using

1 Imagery available frorGoogleEarth, which hasncreased frequency since 2018

1 Sentinel2 satellite imagery, which hdsequent @pture since 2015, enahb up to

weekly assessment.

Assessment is partly limited by SentiwZgiimagequality, which can obscure smaller channel
openings and closure timing, particularly when the bar is nayibthere iswave breaking or
wrack coverage. It isighlightedthat 20152021is a period with limited variability of drivers,
low flood flow and relative stability of the entrance bar and channel mo8#asonal
dynamics are expected to vary witigher flood flows, bar destabilisatior channel
migration

AnimagesequencgFigure2-7) and a timelineof high flow eventavith approximatedates
of channel opening and clog) indicatethe general pattern of behaviouor 20152021
(Table2-2). General results are

1 Thechannelopensduring winter flows, with relatively minor flows (<2fs) ableto
breach the entrance bar and form a chanr@\er 20152021, this occurred during
late June to miegAugust, which is coincident with potential for high alongshore
sediment transport, with ddining tides and mean sea level from the Mayne
peak.

1 Channel expansiooccurredduringlargerflows, with the widest channel inside the
mouth observed in August 2019, following the highest flon2@t52021of
17.7n#/s on 6/07/2019

1 hannelgenerally remains open through August and Septeméapported by
winter flows and tidal exchang®ut typically narrows and shallows at the mouth

1 Bermdevelopment at the mouthypicallybeginsin Septembemwhen winter flows
subside increasing in Octobexs tidal exchange reducethere is low mean sea level
andincreased tendency fapilling waves to cause beach rebuilding

1 Once theberm has been established, cutting off tidal exchange,¢hannel
immediatelybehind the mouthbegins to infill pluggirg the entrance Washover fans
and progressive infill indicate this process osthirough landward transfer during
wave overwasteventsor progressivevind-blown sand during prevailing
seabreezedt can occur from October right through to winter.

The clannelwas @enfor an extendeddurationin 2021, compared to the preceding five
years.

SE0127 Chapman Riveand Bar Assessment Rev0.docx 14
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Table2-2: Timeline Showing Flow Events and Periods and Channel Openings (Blue Shade)
Total . -
Flow Google Earth Sentinel 52 Duration

Dicharge
=0m?/s y Assessment Assessment Open
m3fs

Flow Event >1m?®/s

Jan
Feb
Mar

May

Jun
2015 dul 21/07 /2015 2500
Aug 25/f08/2015

Sep

Maow

Jan
Feb
Mar
Apr
May
Jun
2018 Jul 10/07/2016
Aug 5600

Sep 11/09/2016

MNow
Dec
lan
Feb
Mar

May
2017 N
Aug 31/08/2017 400
Sep 3/09/2017

MNow Noimage
Dec Moimage
Jan Moimage
Feb Noimage
Mar
Apr
May

Jdun
2018 — 6/07/2018

Sep 7f09f2018
Oct Noimage
MNaw Moimage
Dec
lan
Feb
Mar
Apr
IMa 06120
Jun 26, 19
2019 Tul 5500
Aug 9/08/2019
Sep

Mow
Dec
Jan
Feb
Mar
Apr
May
2020
Aug 10-24/08/203 1300
Sep

Maow
Dec
Jan
Feb
Mar 30/05/2021
Apr
May . MNoimage

Jun BEOO Noimage
2021 Jul Noimage
Aug Noimage
Sep 6f09/2021 Mo image
Oct Mo imase
MNow
Dec
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2018 Sequence

.Oct 2017 Apr2018 Jun 2018 Aug 2018 Sep 2018 . Dec 2018

Feb 2019

2021 Sequence
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Fiure2—7: Image Sequéncshowing seasonal behaviour aChapman Rivemouth
(source:Google Earth)
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Shoreline behaviour along the entrance bar and adjacent aredsseach yearThere is a
tendency for post wintesedimentaccunulation south of thechannel mouthapparently
influenced bythe nearshore reef systemrhis is subsequently redistributed north over
summer months. This process will be interrupted by the proposed groyne.

July 2020 (Pre-Channel) Aug 2020 (Channel)

Wrack-lined

Focal

accumulation

Figure2-8: Google Earth Imagery Sequences Showing Typical Seasonal Behaviour
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2.3. PROCESSES INFLUENCING CHAPMAN RIVER ENTRANCE

Processes likely teparately triggeropeningandclosingof Chapman River entrance have
been interpretedbased on historic and recent behavioér gqualitative evaluation
consideringiming of influential processeslescribes seasonal pressure3gble2-3).
1 On a seasondiasis, the only mechanisoausing channel opening is river flooding.
This peaks though June to August.
1 After openingmost of the conditionsending to enhancehannel closureccur
simultaneouslyduring November to Marchncluding both crosshore and
alongshore sediment transpar©nce river flows have declined, the main process
counteracting closure due to sediment movement is tidal exchange, provided flows
are sufficient to keep the entrance scoured opegfér to Appendix B.5).

Table2-3: Seasonal Timing d®rocesssInfluencingChannel Opening/Closure
Each process has been equally weighted, with a range-2dm2 corresponding on
seasonal influence to open or close the channel enttance

|Jan |Feh |Mar |J‘-\pr |Mav |Jun |Ju| |Aug |Sep |0|:t |Nm.' |Dec
Key Seasonal Processes at Site
Typical Annual Flows -2 -1 | ] 1 | 2 1 o -1 | -2
Flood Events -1 1 2 1 -1 -2
Count (Peak: +2; Low: -2) -3 | -3 0 1 3 4 | 4 | 4 2 -1 = -4
Channel Opening Potential Peak Low
|Jan |Feb |Mar |Apr |Mav |Jun |Ju| |Aug |Sep |Dct |Nm.r |Dec
Key Seasonal Processes at Site
Typical Annual Flows 2 2 1 0 -1 -2 -2 -2 -1 ] 1 2
Tide -1 1 2 1 -1 -2 -1 1 2 1 -1 -2
MSL ] o ] -1 -2 -2 -1 ] 1 2 2 1
Storm Surge 2 2 2 0 -1 -2 -2 -1 0 2 2 2
Total Wave Enegy - Onshore
Transport (Berm Building) 2 2 2 ] -1 -1 -2 -2 -1 ] 2 2
Gross Alongshore Transport
Potential (north or south) 2 1 0 0 1 2 2 1 1 0 1 2
Count [Peak: »7; Low:<-5) 7 8 7 1] == -7 -6 == 2 5 r 7
Channel Closure Potential Peak Low Peak

Seasonal pressures overlay substantial historic state shifts in the condition of Chapman River
entrance baywhich has switched from a seasonal feature (river fttnninated) to a

vegetated dune, which has subsequently been subjegrtgressive erosion (ocean

dominated).

SE0127 Chapman Rive3and Bar AssessmeRev0.docx 18
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3. Assessment of Groyne Impact on Chapman River

Placement of the proposed groyne south of Chapman River entrance potenidifies
coastal dynamics influencing closure of the entrance channel. The most sigréfifect is
introduced by any change to alongshore sediment transfseé Appendix B.3), with a
reduction of transport potentially reducing the tendency for the river entrance to close.
Notably, installation of a groyne will have limited influence orssshore sediment
transport(see Appendix B.4yhich contributesto seasonal closure but there is
insufficient information available to determine its importance compared to alongshore
transport.

3.1. INLET STABILITY ASSESSMENT

Assessment of potential effect of installing a groyne south of Chapman River on entrance bar
stability has been undertaken by considering the potential change to alongshore sediment
transport and corresponding change to tidal inlet stability.

Effects ofmstalling a groyne includatercepting a portiorof alongshore sediment transport

on the updrift side of the groyne (in this case on the south sade)realignment of the

shoreline, locally modifying alongshore transport rat€se proportion of alongshie

sediment transport trapped by the gyaereduces as the updrift storage area fills in, with

much of the incoming sand supply eventually able to byfi@sgroyneas it becomes

W3 I (i dAelativeSeRe@tiveness of the groyne to bypass once the groyneWF A £ t SRQ A &
controlled by seasonal variation of the updrift storage volume

Evaluation of wawelriven alongshore transport is outlined in Appendix B.3. Evaluation of
seasonalavevariation suggests®a G | 6 f SQ & Krandef Slodcursbyel el i
with an anticlockwise rotation during winter (i.e. a groyne will hold less sediment on its
south side). Released sediment is dispersed along the $lyonéggh energy wave conditions

Two main consequences of sediment storage by a groyne and its variability are:

9 Initial storage volume should be matched by capital nourishment, otherwise it will
cause downdrift erosion. For the estimated alongshore transport rates of 5,000
10,000 ni/yr, it would take approximately 1 year to fill a groyne projecting32on
from the shore. A groyne projecting 40m from shore would taldey2ars to fill
without nourishment.

9 \Variation of sediment storage causes downdrift erosion. For a groyne projecting 20
30m from the shore, 1,20@,900 n#/yr of alongshore transport would be trapped in
GKS 3INREySQa aid2N) IS -56mftdm Shore may affddvely S LINR 2 S C
intercept the entire sediment supply, although this will cause net shoreline accretion
on theupdrift side andconsequentlyits influence would reduce over time.

1 This is a notional alignment, at which there would be net zero alongshore sediment transport.

SE0127 Chapman Rive3and Bar AssessmeRev0.docx 19
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The required length of the proposed groyne is not presently defined. However, its objective
is to offset erosion pressurerimarily associatewith projected sea level rise, for the
housng and carpark between Frederick St and FullestSalongshore distance of 300m
The required trapping length is approximated by
le=lax (tanfQKk H O
Where lais alongshore lengtharfd A& G KS NRGOGFGA2yFE y3aftsS G2 YI
alongshore transport angle. For the derived nearshore wave climate, this is. Kddimg a
RAaAGlIYOS 2F uwupY T2N GKS indibdBEng Gn@ved onglgngye INRB &Y S |
(135m), two long groynesr0m), three moderate length groyne6@m), ora set of five
shorter groynes§0m). All options have an equivalent updrift storage volume, but they have
different efficiencyto intercept alongshore transport, with the shorter groynes experiencing
greater bypassinglhis means that for a field of shortgroynes, there is less impact on the
downdrift zone (e.g. Chapman River mouth), but that a greatéume of ongoing sand
supply would be required to maintain coastal position to the south.

Table3-1: Influence of Groyne Field on Alongshore Transport

# of groynes 1 2 3 5

Groyne Length 135m 70m 60m 47m

Initial Trapping ~100% ~75% ~40% ~25%
Efficiency

Initial Downdrift 5,00010,000 3,7007,500 2,0004,000 1,2002,500
Supply Deficit m3yr m3/yr m3/yr m3/yr
EstimatedUpdrift | O mé/yr 1,20062,500 3,0006,000 3,7007,500
Nourishment * m3yr m3/yr m3/yr

* Updrift nourishment is based solely on balancing alongshore transport rates. This doe
address the effects of storm losses, or lorrtggzm erosion due to projected sea level rise.

The effect of downdrift supply deficit due to the groyne will opdypartly transferred to
Chapman River entrance, as outside the shelter of the groyne, the full alongshore transport
will be reached. The spatial gradient of alongshore supply will cause downdrift erosion on
the north side of the proposed groyne fieldith a slowing rate of erosion as the trapping
efficiency of the groyne field reduces. To estimate potential effect on Chapman River
entrance bar, it has beeamssumedhat the proposed groyne will reduce alongshore

sediment transport by 50%the reduction waild be influenced by structure design.

Simulation of the tendency fdhe channel entrance to open or close has been undertaken

dza Ay 3 | WRSGSNNAYAAGAOQ | LIINBEAYFGAZY F2N GARI
alongshore transport, considerirggasonal variation in wave energy and directiBig(re

3-1). The ratio of tidal prism to alongshore transport (approximations) has been used to

characterise the tendecy for tidal inlet opening or closing (see Appendix B.5). It is noted

GKFG GKA& Wi @rgclyov@r eharorirSas rivgr Aalv is the key mechanism

driving opening, and once an estuary entrance has closed, it does not experience tidal

excharmge.In addition, crosshore processes may also create a tendency for closing the inlet.
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Figure3-1: Components of Entrance Stability Simulation
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Outcomes

Simulation ohow the proposed groyne may affect Chapman River entraage been
evaluated through comparison of tidal inlet tendencies (towards open or closed) with
undisturbed alongshore transporEigure3-2) or with a 50% reduction to transporfigure
3-3).

Simulations suggest frequent switching between a tendency to open or close udeenty
O2YyRAGAZ2YE O6ADPSP gKSY NI QDS MHIwelad seastallg ay Qi
variable tendencies. Strong closure tendencies occur during autums@im wherthe
smallest tides occur.

Inlet Tendency (without Groyne)

100%
0%
B0
T0%
60%
50%
4%
30%

20%
0%

1 F M A M 1 1 A 3 o N D

EClosed @ Bar Bypass @Channel Through [QOOffshoreBar O0pen

Figure3-2: Inlet Tendency Due to Tide and Alongshore Transport
Simulation for 10,000 rflyr alongshore transport

Reduction of the alongshore sand supply, following installation of a groyne, increases the
tendency for the tidal inlet tawards staying open and reduces the tendency toward closure.
For a 50% reduction in transport, opening conditions are twice as frequent and closing
conditions are half as frequertlowever, as tidal exchange reduces if the channel narrows
and ceases once ¢hchannel is closed, the influence of days with a tendency to close is
greater than the influence of days with a tendency to opdaap tide days continue to tend
towards closure under typical rates of alongshore transpBdnsequently, historic
behaviourof the Chapman River entrant@ be open while the river flows and to
subsequently close within one or two nedife tidal phases is expected to continue. Overall,
the proposed groyne may marginally increase exposure of the Chapman River estuary to
marineconditions.
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Figure3-3: Inlet Tendency Due to Tide and Alongshore Transport with Groyne
A reduction of 50% alongshore sand supply has bassumed

3.2. IMPACT OF GROYNE ON COASTAL DYNAMICS

In addition to modifcation of alongshore sediment supply, installation of the proposed
groyne will modify the widescale coastal dynamic®ver the last 30 years, Geraldton
foreshore between Beresford and north Sunset Beach has experienced a substantial rate of
erosion Figure3-4), partly due to modification of alongshore sediment supgle to

installation of Geraldton Postructures from the 1920and Batavia Coast Marina structures
from the 1980sand partly due to changing conditions, including substantially reduced river
flow.

Erosion indicates a deficit between the sediment supply coming into an area and that leaving
it. The area experiencing erosion between Beresford and north Sunset Beach is acting as a
source of sediment, supplying the naturally occurring alongshore trahdpetallation of a
groyne at Bluff Point witlivide the area of erosion in two. Consequently, sand supply to the
area north of theproposedgroyneis likely to be impeded.

Using historic rates of shoreline retreat as a gdidsplitting the erosion @a is likely to
result in approximately 40% increase to the future rates of erosion. A greater relative
response is anticipated to occur immediately updrift of the groyne, with erosion rates at
Chapman River mouth estimated to increase from around 1.2t0/r.82.4m/yr. This
represents a substantial negative impact on stabdityhe entrance bar.

2The focal point of erosion has been progressively moving southwards, making this likely to be an
underestimate.
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Figure3-4: Geraldton North Rates of Shoreline Change Between 1988 to 2018
From Digital EarttAustralia @astlines BishopTayloret al. 2021
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4. Conclusions and Recommendations

Chapman River entrance has experienaesgries of state changes:
9 Prior to 2004, relatively higher river flow conditions determined that the entrance
bar was low elevation, subject to esflow, deflation and wave overwash.

9 From 2004 onwards, the bar transitioned into dune behaviour, with permanent
vegetation supporting growth.

1 The bar has subsequently been subjectoastal erosion from 2010, as a southward
extension of the wider erosiotrend which has dominated Sunset Beach area since
around 2000.

Seasonal behaviour of the river entrance includes a tendency to open in response to river
flow and close #ew weeks after flow has tailed off, particularly once alongsharel(cross
shore)sediment transport is able to overwhelm the scouring effect of tidal exchange
through the entrance.

Installation of a groyne at Bluff Pointdaticipated to modify the alongshore sediment
transport behaviour. This has potential to marginéligrease the time the entrance channel
stays open once winter river flows cease.

Installation of the proposed groyneeéspected to reduce sediment supply to the Sunset
Beach coast. This effect can be partly offset through initial placement of renounttsaed
G2 Wal GdzNJ GSQ bk SméiBidddfahs &«istidNaogghSre supply will
be reduced, and the area south of the proposed groyne will no longer act as a sediment
source.This will accelerate the historic erosion trend north of gfreposedgroyne ands
anticipated to cause 1:8.4 m/yr erosion at the mouth of the Chapman River.

Relative behaviour is determined by groyne lengtid placement:
1 Alonger groynecreating a larger tendency for ongoing downdrift erosion.
1 Locating the groyne further south reduces the size of groyne required and will move
downdrift erosion effects away from the Chapman River mouth.
Although it is possible to reduam®wndrift erosionusing a field of smaller groynes, this will
reduce effectiveness for the objective to enhance stability of the shore south of the
proposedgroyne.

Overall, it is not recommended to conduct the proposed groyne as suggesttmireplace
with a groyne fiéd as:
9 Structures at Bluff Point will accelerate erosion between Chapman River and north
Sunset Beach.
1 Chapman River entrance bar was formed through a discrete development phase and
has subsequently been exposed to ongoing erosion pressure. Installing a
stabilization structure at Bluff Point will accelerate the loss of this bar.
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Appendix A Meteorologic & Oceanographic Drivers

Meteorologic and oceanographiecordshave been assessdor key seasonal and inter
annual processes likely adfectbehaviourof the river entrance anddetermine potential
influence ofthe proposedgroyne.Relevant datasets anghstrumentlocationsare
summarisedn Table Al and Figure A.

Table Al: Metocean Records for the Geraldton Region

Type Location Station |Depth/ |Data Start |Data End |Source
Number |Elevation
Waves |Geraldton Outer Channel
Directional WRB

Geraldton Outer Channé&lon
Directional WRB & AWAC 1/03/1999 22/09/2021

- N/A MWPA
ﬁgi%r}:zgtg'r‘]’zlrWRB LMo & 5/08/2000 18/01/2001

Waves/ |Geraldton Beacon 1 AWAC b mp & 30/10/2010 21/09/2021

20/06/2014 20/09/2021
bmc ¢

Currents Geraldton Beacon 2 AWAC bMc & 2/12/2011 21/09/2021

Wind Geraldton AirportMet. Station

L 8051 33m | 18/08/1941 20/06/2014
(Decommissioned

= = BoM
ComelRliEm Alper el SR o - 20/07/2011 14/01/2021
(Active)
Water |Geraldton 62290 1/01/1966 31/12/2020 DoT
Levels |Tide Gauge
e CREEmEr e 701007 12/03/1976 18/09/2021 DWER

Utakarra River Gauge
Sunset Beach AWAC | Waves

Chapman River WRB | Wave

1 N . 4
Metocean Locations @

Figure Al: MetoceanInstrument Locations
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APPENDIX A.1 WINDS

TheCommonwealttBureau of Meteorology maintains loigrm wind observations at
Geraldton Airport, approximately 8km inland, with a ground elevation of 33m. This has
includeda stationactive from 1941 to 2018BO0M Station 851), with thepresentstation
installed in 2011BOM Station 8315)Mid-West Ports Authorityhhasrecordedoverwater
winds atthe Outer Channel site since 2004.

Wind speed and direction frequencies derived from the aciivger Channel site

demonstrate thecoastalwind climate at the siteRigure A2). The winds are dominated by

one of the most energetic sea breeze systems in the world, which contributes the prevailing
net northward sediment transport regime along the coast. Sea breezes in the region are
characterised by wind in a predomintnalongshore direction (south to southwest),

typically measured at the Airport in a 22.5° band width at 180ty begin to establish in
October extending through to April, and peaks in December to February when a60ind

of all wind observationsccurfrom the south to southwest

During winter months, the sea breeze system weakens under cooler conditions and winds
0S02YS Y2NB OINARIofSd ¢eLIAOlIf gAYRA AyOf dzRS
pressure ridges, and strong winds from the teely half during occasional winter storms,

often swinging from southwest through to northwest during storm passage.
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Longterm variability in the onshore wind climate has bemraluated by considering
WadzYYSNR yR WgAY(iSNR RANBOGA-@yhIBireaFdB Ij dzSy OA S &
Meteorology record. This demonstrates:
9 Southerlies (S or SSW winds) are dominant throughout sur(ffigure A3).
Southerly mcidence includes ¢jic variation (irregular, but approximately -3@ar
cycles) and some yedw-year variation. The most recent phase of greater southerly
dominance occurred in the 1990s, with subsequent behaviour being variable
between yearsincidence of winds in the 18®and (169-191°N) progressively
increased from thel985to 2013, which corresponds to a general transitiom EI
Nifioto La Nifladominance, although intermediate periods of strong Nifig1995
1996,1999-2000, 2008) were not associated with increas&@winds.
1 Wind directions are widely distributed during winter, with yaaryear variability,
and limitedcyclic behaviou(Figure Ad4). Years with increased nortorthwest wind
incidence occur intermittently, including 1995 and 22113, which werd.aNifia
years, with relatively lower incidence of northwest winds over 20031.
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APPENDIX A.2 WATER LEVELS

Water levels influence the height at which forces act onlibachandthe degree of wave
attenuation to the shore in the lee of reef systems and Islands. Digital water level
observations are available from the Geraldton tide gauge since ((39g6re A5). Key water
level processes evident include tides, atmosphsuiges, resonant phenomena, seasonal
and interannual mean sea level variations.

Tides are mainly diurnal with a microtidal range of 1.2 m from LAT tqPi&\T2019)The
tidal sequence is affected by monthly springap cycles, bannual cycles with gstitial

peaks in June and DecembBwue to the mainly diurnal tideshé 18.6-year lunar nodal cycle
is influential in this region, affecting annual tide range by almost @l#it 2011). There is
negligibleinfluence from thdunar perigan cycle, whicltauses &.4 year subharmonic
modulation ofsemidiurnaltides, which are small in Geraldton

Table A2: TidePlanesat Geraldton(DoT 209)

Datum HAT MHHW | MLHW MSL MHLW = MLLW LAT
m CD 1.26 1.01 0.86 0.64 0.41 0.27 0.07
m AHD 0.71 0.46 0.31 0.09 -0.14 -0.28 -0.48

Larger and more frequerdurges occur in June to July during passage of winter low pressure
systems and cold fronténfrequent sirges may occur outside this period due to more

unusual meteorological events, such as Tropical CyclomésGiy1970 an@004BoxingDay
tsunami.

The 30day running mean shows seasonal and irgenual variation each up to around
30cm, with relativehighinfluence at Geraldton due to the small tidal range. Significantly,
there have been two recent period$ onusually high mean sea levels in 1290 and
2011-2013 linked to La Nifighase of theEl NifieSouthern Oscillatioaycle, correlated to
the strength of the Leeuwin Current (Haighal.2011).Transition from theEl Nifiophase in
the 1990s td_a Nifigphase by 2013 created an accelerated period of mean sea level rise
(White et al. 2014. High mean sea level in 202D13 in particular contributed to a
successiomf high water level events. A shift to neutral or El Nifio ¢omas since 2013 has
resulted in a drop in mean sea levels, with a low around 2015.

Overall, seasonal water level climate is characterised by a relatively narrow period of
elevated water levels from late May to July, when peaks in seasonal meéasvets bi
annual tidal pea&(in June and December) and winter storm surge are all in ptiEgere A
6). Lowest water levels typically occur around October to November.
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Figure A6: Seasonal Variationf Key Water Level Processes
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APPENDIX A.3 WAVES

Waves are an important driver of sediment dynamics and landform variability along
Geraldtoncoastline.The inshore wave climaia the region isheavily modulatedrom
offshore conditiondy wavedampingand redirectiondue to wave breaking, refraction,
diffraction, and frictional losses ovefoutman Abrolhosrchipelago The degree of damping
increases asffshore waves approach with a more westerly direction.

Wave conditions have been measured oveaage of instrument deployments at

Geraldton, with longi SNY RSLJX 2@YSyida |

lj

AVEsSPoMsAdDIBYNI /| K| Yy S

used to describe Geraldton wave climaldis site is located on the north side of Point

Moore, at the end of the Outer Channel aRaS LJG K 2 F L spositian¥s outsid&tihe L
effects ofnearshore reef systemsr shelter by Point Moore, withmited variation of bed
contoursto affect refraction Inshore, the effects of reefs, sheltering from Point Moore and
bed contours cause bgtantial spatial variability of waves reaching the shore, with
alongshore sediment transport further significantly influencedshgreline orientation

Four key wave sourcémve beeridentified (Figures A7 and A8), summarised iTable A3.
Differencebetweenoffshore measurementand wave conditionalongGeraldton coasare

expected due to:

1 Complex wave dissipation across a relatively wide and variable nearshore reef
system The nearshore reef system acts to reduce incident wave height and modifies
wave direction. This procesg highly dependent on coincident water levels, with
shallower conditions cauisgwave crests to align almost parallel to the sharel

greater dissipation of energy due to wave breaking.

1 Shelter provided by Point Moore, particularly during south to southwest wave

conditions
1 Waveshoaling andlamping due to depth effects.

Table A3: Key Wave Sources for Geraldton Region

Source Direction Timing Heights

Prevailing Southeri Narrow band,| Peaksn Typically <4m

Ocean swells from SWto | Jun toSep Max. 5.4m in Aug018
WSW.

Winter westerly SW to NW Peaks in Typically <3m
waves May to Sey

Locally generated| South to south| Peaks in Typically <2m

short period seas west Nov to Fek

Tropical cyclone Variable Rare Variable

events

Alongshore Transport
Potential
Northward, butlocally
modified by
shelteringreef effects
Both directions

Northward

Variable, but often
southward (e.g. TSeroja]
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The Outer Channel WRB directional sea and swell record has been assessed to identify
seasonal and yeap-year variability of the directional wave climate. This has involved
approximating wave energy within 22 Bands, by squaring the significant sea and swell
wave height. Average monthly directional sea and swell energy shows typical seasonal
variabilty (Figure A9), including:

1 Onset of prevailing SSBW sea waves from October extending through to
March/April, peaking in December/January. These conditions are associated with
seabreezs.

1 More variable sea direction between May to September, when wistermscan
produce seas from SSW through to NW

1 Prevailing SWV swell throughout the year, but with elevated energy and greater
westerly component from May to October, peaking in July.

Sa and swell wave energy from the southwest quadiae dominanthroughout the year,
creating a prevailingorthward sediment transport regime along the coaBtansport
potentialis almost exclusively northwafdom October through to April, with occasial
southward transport potential during northwest seas and swells between May to
September.

The peak in wave energy occurs during elevated swell conditions in July. This coincides with
relatively high seasonal water levels which allows for greater wawgagation across
nearshore reefs (i.e. due to increased water depth).

3Wave Energy is proportional to Hs
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Sea Wave Energy (m®fday)

Awve, Swell Wave Energy (m?/day)

Variation of directional sea and swell energy over the available record has been considered
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Figure A9: Average Seasonal Sea (Top) and Swell (Bottom) Wave Energy

through comparisomf monthly averagevave energyand the directional distribution for
each month where data return was greater than 8%gre AL0). Anomalistic periods
identifiable in the record include:

T

= =4 =4 =

Elevated soutarly seas around January 2017 and January 20h8acteristic of

strong sedreezeconditions.

Reduced soutrly seas in September 2080dz33Sa i Ay 3 SEGSYRSR
Elevated nortlerly seas in 20182019and 2021winter periods

Elevated soutérly swells July to September 2018

Reduced soutarly swells in 2019 and 2020 winter periods
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APPENDIX A.4 CHAPMAN RIVER FLOODING

Chapman River is 5&m in lengthwith a basirextending to thenortheast. The mouth of

the river, positioned on the north side of the proposed groynentisrinittently closedwith

a sand bar providing a barrier to the ocean. The mouth generally opens through breaching of
the sand baduring peak winter flows, partidarly coincident with high tidewhen open,

the estuarine reach extendspproximately 1.5 kilometres upstreafW/RC 2001

Chapman River discharge and stage level has been measured by DWER since 1976 at
Utakarra gauging station, located approximately 10dgatreamfrom the mouth. These
records show itis subject to highlyariable flow conditiongFigure Al1), with extended
periods of low flow and short periods of intense flow during flood evertod events can
carry suspended sediment load to the chamd in strong flows, scours the river mouth,
releasng sediments accumulated in the sand bar

Major floods of Chapman River were reported in 1888, 1934, 1939, 1960, 1971, 1986, 1996,
1999 (Department of Agriculture 200Shire of Chapman Valley 2008jth the 1971 flood

levels exceeding the 1999 levels. July 1996 and May F3§9ré AL2) represent standout

flood events that have been measured, with three more moderate floods in the 1970s and
1980s. Since the 1999 flood, there has been an extendedgwith an absence of flood

events, with the no discharge exceeding 2(8or stage level above 1.2m. This is consistent
with behaviour observed for otheaivers on the soutfwest and midwest of Western

Australia.
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The May 1999 flood was associated with adakitudedepression raining on a saturated catchment

following TC Vance in March 1999.

Figure A12: Floodingat Chapman River Bridge in May 1999

From Langford(2001)
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Seasonal distribution of river stage discharge has been evaluated using average monthly
occurrence of discharge thresholds over the recdtigre Al3). This shows typical winter
flows peak in JubAugust, substantially decline in Octaband havdimited flow between
November to Aprilln the period from 2015 to 2021, which correspond to available high
resolution imagery for the river mouth, flows were generally lower, confined mainly to July
and August, with negligible flow between Nawaber and May.
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Figure A13: Monthly Discharge Occurrence at Chapmiver

Annual flow conditions have been summarised over the recofichiiie A4, to identify year
to year variability in peak flows, and timing and persistence of flalwis highlightshe
substantial change in streamflow which occurred after 2000.
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Table A4: Summary of Annual Chapman River Flows

Peak Conditions

Elevated Discharge

Annual | Annual Max Max Total Days| First Day First Day Last Day

Stage | Discharge | Discharge | Discharge| Discharge | Discharge | Discharge
Yearl Max (m)| (m?3/s) Day >0m3/s >0m3/s >0.25m3/s >0m3/s
1976 0.58 1.6 15/08/1976 140 15/05/1976 | 15/05/1976 | 17/08/1976
1977 2.81 91.4 29/04/1977 80 28/04/1977 | 28/04/1977 | 16/08/1977
1978 1.81 42.6 16/07/1978 140 19/05/1978 | 19/05/1978 | 4/10/1978
1979 1.24 21.8 14/03/1979 165 14/03/1979 | 14/03/1979 | 26/08/1979
1980 0.98 10.0 16/07/1980 115 2/06/1980 | 2/06/1980 | 30/08/1980
1981 3.48 137.7 1/08/1981 208 23/05/1981 | 22/05/1981 | 6/10/1981
1982 2.23 61.1 14/06/1982 173 21/01/1982 | 22/01/1982 | 7/10/1982
1983 2.55 77.0 24/08/1983 175 18/06/1983 | 18/06/1983 | 17/11/1983
1984 1.90 46.0 28/05/1984 224 12/04/1984 | 12/04/1984 | 10/10/1984
1985 0.69 3.0 28/08/1985 142 11/02/1985 | 10/02/1985 | 24/09/1985
1986 3.66 156.5 23/07/1986 237 22/02/1986 | 22/02/1986 | 21/10/1986
1987 0.83 5.6 3/07/1987 209 11/02/1987 | 11/02/1987 | 5/09/1987
1988 2.71 85.7 24/07/1988 195 4/02/1988 | 21/05/1988 | 1/12/1988
1989 1.26 22.3 13/06/1989 173 30/04/1989 | 17/05/1989 | 23/08/1989
1990 0.93 8.4 3/08/1990 185 29/01/1990 | 29/01/1990 | 8/10/1990
1991 1.55 32.4 22/07/1991 183 4/06/1991 6/06/1991 | 15/11/1991
1992 1.79 41.5 10/08/1992 193 17/03/1992 | 13/06/1992 | 16/10/1992
1993 1.04 12.3 13/08/1993 195 4/05/1993 4/05/1993 | 25/09/1993
1994 0.73 3.6 2/07/1994 147 29/05/1994 | 31/05/1994 | 13/09/1994
1995 1.16 18.3 26/07/1995 153 26/05/1995 | 8/06/1995 | 13/09/1995
1996 5.22 369.9 | 30/07/1996 214 1/06/1996 | 1/06/1996 | 11/11/1996
1997 1.61 31.1 8/04/1997 240 2/01/1997 | 4/04/1997 | 26/09/1997
1998 1.84 37.9 18/06/1998 204 11/05/1998 | 11/05/1998 | 4/10/1998
1999 5.99 531.0 | 27/05/1999 287 20/03/1999 | 20/03/1999 | 1/11/1999
2000 1.20 19.5 11/03/2000 295 2/01/2000 | 10/03/2000 | 20/09/2000
2001 1.19 8.5 31/07/2001 202 8/05/2001 | 30/05/2001 | 25/10/2001
2002 0.53 1.1 11/08/2002 167 20/05/2002 | 1/07/2002 | 17/09/2002
2003 0.91 7.8 22/08/2003 190 19/05/2003 | 25/06/2003 | 22/11/2003
2004 0.82 5.3 8/07/2004 146 3/06/2004 | 13/06/2004 | 26/09/2004
2005 0.70 3.1 18/06/2005 164 16/05/2005 | 9/06/2005 | 23/09/2005
2006, 0.46 23/08/2006 40 3/08/2006 3/08/2006 3/08/2006
2007 9/08/2007 6/08/2007 6/08/2007 6/08/2007
2008 0.96 9.5 29/04/2008 144 18/04/2008 | 18/04/2008 | 12/08/2008
2009 1.17 18.7 12/07/2009 118 29/06/2009 | 29/06/2009 | 3/10/2009
2010 1.09 0.8 19/08/2010 46 17/07/2010 | 14/08/2010 | 3/09/2010
2011 0.81 51 15/08/2011 177 20/02/2011 | 20/02/2011 | 28/10/2011
2012 0.52 1.0 21/06/2012 115 13/06/2012 | 13/06/2012 | 10/08/2012
2013 0.71 2.1 29/08/2013 75 1/08/2013 | 26/08/2013 | 18/09/2013
2014 0.54 1.0 24/09/2014 81 13/07/2014 | 10/09/2014 | 26/09/2014
2015 0.89 7.0 1/08/2015 64 21/07/2015 | 21/07/2015 | 25/08/2015
2016 0.94 8.6 18/07/2016 105 6/07/2016 | 10/07/2016 | 11/09/2016
2017, 047 | 0.2 | 31/08/2017| 51 13/08/2017 | 31/08/2017 | 3/09/2017
2018 1.01 2.2 6/08/2018 89 6/07/2018 | 6/07/2018 | 7/09/2018
2019 1.14 17.7 6/07/2019 99 24/06/2019 | 26/06/2019 | 9/08/2019
2020 0.59 1.7 17/08/2020 65 22/07/2020 | 10/08/2020 | 24/08/2020
2021 0.87 6.6 2/08/2021 129 30/05/2021 | 30/05/2021 | 6/09/2021

@ Famatting used to demonstrate higied)and low(blue)years forindividualparametess
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Appendix B Coastal Processes

APPENDIX B.1 REGIONAL SCALE COASTAL PROCESSES

The sediment cell framework defined Bjiotet al. (2011) identifies a hierarchy of sediment
cells (primarysecondary, and tertiary) for the Western Australia coastline, defining natural
management units based on their physical characteristics, within which sediment transport
processes are expected to be strongly relafElde framework provides important context

for local scale coastal assessments.

Chapman Rivanouth divides theGeraldton West to Chapmamd Chapman to Glenfield
tertiary sediment cells, which are part of the wideoint Moore to Glenfieldecondary cell
(Figure Bl1). The rationale for settinthe boundary at Chapman was the river mouth

providing a geomorphic featunehich interrupted sediment transportthe change between
shoreline alignment to the north and south; and presence of rock strustasricting

sediment transport at a seasonal se#Stulet al. 2014).Tecchiatcet al. (2012)interpreted
surfacesedimentcomposition and distributios throughout Champion Bafindingthe
contribution of sediment from Chapman River to be a minor component of overall sediment
supply to the Bay.

Two adjacent cellsre dominated by a net northward sediment transport regjrieven
predominantly by soutiwesterly swell waves throughout the yeagmbined witha strong
south southwesterly summer sea breeze. There is some reversal over winter with passage
of northerly storms, and on occasion over summer with passage of tilapickbones.

Sediment transport around Chapman River mouth is complex, with the entrance bar and
shoals fluctuating betweeacting asa source or sink of sediment. This compleisty
illustratedby large discrepancies betwegmeviously derived sediment budgetdue to
differing timescales and methodBigure B2), with:
1 MRA (2001) showing a possible zone of nearshore accumulation at Chapman River,
with convergence of southward and northward transport.
1 Worley Parsons (2010) @ling sediment input from Chapman Riyeiith shoreline
accretion to the south and erosion to the north.
1 Tecchiato & Collins (2@ showing net northward transport to the south and
GNF YAaFSNI 2FFaK2NBE 0 / KFELYFY wApgBNI L
quartz sand into Champion Bay, probably during high discharge winter flows. This
sediment may also be redistributed southward by occasional storms and northward
08 tAGG2NIE OdNNBY (& dé

Net northward sediment transpopathways around Point Moore areterrupted by
Geraldton Pointacilities and Batavia Coast Marjivehich commenced in the 1920s and
1980s respectivelySubsequent erosion to the north has been partly mitigated by sand
bypassing, including substantial placement of 89,000m?3 north of&aoast Marina in
2004 derived from the excavation works for the Southern Transport Corribecghiato &
Collins 201} More recently, stabilisation works have been conducted along Beresford
foreshore, south of Chapman River moRoyal Haskonin@HV2015).
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Figure A.16: Secondary cells and tertiary cell points of the Mid-West Region
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Bathymetry information supplied by Department of Transport. Shaded relief model supplied by
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Figure B1: Sediment Cells Incorporating Chapman River Mouth
SE0127 Chapman Riveand Bar Assessment Rev0.docx 44



Seashore

Vegetation line analysis since 1952 (Worley Parsons 2010; MRA 2016); and annual rates of
shoreline changes identified in thaigital EarthAustralia Coastlinedataset sincel 988
(Figue B-3) demonstratemostof the shore within thetwo cells adjacent t&€hapman River
has experienced erosion pressure. Fagofluencing this tendency for erosion are
described inTecchiato & Collin2011), includng:
1 Interruption of net northwardsedimenttransportaround Point Moore by the
Geraldton Port
1 Net northward sediment transport leading to a zone of accretion south of northern
cell boundary at Glenfield
1 Nearshore reefs acting as a barrier for the sedimsuply from offshee to the
shore, butnot entirely obstrucing the sediment from flushing offshore, especially
duringstorms or strong swell even{3ecchiato & Collins 20139nd
1 Development of the large dune blowout to north of Chapman River (evident in 1967
aerial imagey). This featuravould have acted as a sediment sink during its early
formation and propagatiojremoving sediments from the littoral transport zone.

Elevation differences between 1998 and 2016 has been used to identify behaviour of
offshore and nearsherregions Figure B4). It is acknowledged that differense method

and resolution of the two surveys means that some local changes do not represent reality,
particularly for reef systems which are mapped in detail by lidarcbatsely capturedr
excludedduring vessebased surveys.

This demonstrates a general pattern of accretion outside the nearshore reef system,
extending northward of the Batavia Coast Marina to Glenfield Beach. This behaviour is likely
influenced by northward sediment transportoalg the edge of the reef systems under a
dominance of wave energy from the soutfiransport has likely been enhanceyg:

1 Pacement of sand north d3atavia Coast Marina (eig.2004)

9 Transfer offshore at Chapman River during the 1999 flood

1 Supply from shoreline erosion ovevider ChampiorBay, with the reefsystem acting
as a barrier to sediment moving back towards shore.

SE0127 Chapman Riveand Bar Assessment Rev0.docx 45



SeashoreEngineering

OF NUARSHORL
S& L '
ACCUMUL A TION
LEGEND
| —  DRECTION OF NET ——
SEDMENT MOVEMENT
| =D SEDWENT FLUX
1000 m? Iyr
| +2 SEDIMENT ACCUMULATION
ALONG THE SHORELINE —
1000 m? fyr r
VALUES ARE WOICATIVE ONLY ,?

CHAMPION —*
BAY

GERALDTON

POINT MOORE

' POSSIBLE SEDIMENT MOVEMENTS \ \MRA (2001)
'AFTER CONSTRUCTION OF PORT
'AND BATAVIA COAST MARINA ( 1992 TO 2001 )

1510 «15)

he cell (in 1 200 mipeer)

Vananions i Nat
Volume Variafion o
1,000 méryean)

Chapman River discharge

13 (010 16)

-6 \(-10100)

(-3to+15)

(-1510 -38)

Worley Parsons
(2010)

Figure B2: Previously Derived Sediment Budgets

Tecchiato &1
Collins (2011)

SE0127 Chapman Riveand Bar Assessment Rev0.docx

46



SeashoreEngineering

Z0Y8[m](£053)

AKAEmI(£0%2) g i, North Point

5

'g 20

g 10

= 0

5 W

g -10

w

1995 2000 2005 2010 2015 2020

South Point

Erosion / Accretion (m)
S

2000 2005 2020

2010 2015
-0*24mj (0" \ - -
20%3{mi(+0%1)

-0'6Imi(£0%2) ‘:K J

DTZmEN])

21K im](£0%2)

oAl 0 0§
A3 (02

Ao (0 (§
-019Imi(*0*2)
=019Imi(£0*2)
Al?2 0 (B2
- 1:2imI0%) R

40 ) (E0E)

20%5mi(£0%2) I
2074 mi(£0%2) 1%

“ol5{ml(20%2)

20Y4 m](£012)}

20%4im}(£05)8
20¥5{mi(

Champion Bay

R See——

Lot/ ({E02) DEA Coastlines (Rates of Change)
LAy ; @ < -2.5 m / year retreat

U2 i (00 ® -2.5 to -1.0 m / year

. ® -1.0 to -0.6 m / year

319Im|(019) ”.; ¢ -0.6 to -0.3 m / year

0.5 o (02 : -0.3 to -0.1 m / year

-0.1 to 0.0 m / year

0.0 to 0.1 m / year

0.1 to 0.3 m / year

e 0.3 to 0.6 m / year

® 0.6 to 1.0 m / year

[ 1.0 to 2.5 m / year
® > 2.5 m / year growth

Figure B3: Geraldton North Rates of Shoreline Change Between 1988 to 2018
FromDigital EarthAustralia CoastlinesBishopTayloret al. 2021)

SE0127 Chapman Rive3and Bar Assessment Rev0.docx 47



SeashoreEngineering

Elevation Difference (m)
(2019 - 1998)
$=2eD
=25 to =240
=20 to =1.5
=15 £o —1.0
-1.0 to -0.7
-0.7 to -0.4
-0.4 to -0.2
-0.2 to 0.0
0.0 to 0.2
0.2 to 0.4
0.4 to 0.7
0.7 to 1.0
1.0 to 1.5
1.5 to 2.0
20 6 2.5
2 2&5

A

Sunset Beach 2

I

Rﬂ‘f’n ' ”EV

Bluff Point

o .F

U

1

=) 3 1 1

R e N

FigureB4Y 9f S@I GA2y S5AFFSNBYOS ! bRAIGWBDARE b mMpyy {
Source: Department of Transport

SE0127 Chapman Rive3and Bar Assessment Rev0.docx 48



SeashoreEngineering

APPENDIX B.2 LOCAL GEOMORPHIC OVERVIEW

The site is situated towards the centre of the 10km long embayment between Point Moore and
Glenfield, largelyhe shelterprovided byPoint Moorefrom prevailing southerly sea breezes and
southwest swellsLocal site geomorphology is compl@xigure B5), with Chapman River mouth and
associated sand bar, variable nearshore reetposedrockon shoreline to the northand frequent
wrack accumulatioiiseeFigure2-1). The proposed groyne positioned on the south side of the
presentday entrance bar and channel mouth.

Elevation m AHD

1
Nooooooo:

o

0

1.
2.
3.
4.
5.
6.
>

Figure B5: Bathymetry and Nearshore Topography froB916 LIDAR

The Chapman River channefjsomorphologically controlled tadjacent dunes, with mouth
position generally orientated twards thelow-lyingarea to the south. The mouth is intermittently
openred bypeak winter flowsand coincident with high tidereaching the entrance bg§iWRC 2001b)
This causes sand stored in thet@nce bar and river derived sediment being is transported
offshore, with theamount of sediment likely to bansported offshoreduring a flooding event
estimated to be 13,000 Pyear on averagéWorley Parsons 2010). The last kmosignificant flood
occurred in 1999Appendix A4
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Whenopen, the estimated reach of tidal exchange extends approximately 1.5 km upstream (WRC
2001), varyingvith water level processes (e.g. the twice annual cycle of tidesylagcee of

entrance channebpening The channel tends to close under the combingftlience of sediment
supply from alongshore and nearshore (i.e. recovery); reduced river flows; and ocean water level
fluctuations.

The sand bar feature across the river mougries with channel position, river flooding and rates of
alongshore sedimerdelivery from the north and south (reféo Appendix A.R The bar is prone to
deflation and loss offshore during significant flood events, with dune development during periods
with relatively low floods.

Rock is evident in the nearshore beach aramediately to the south of the river mouthvhich

provides local erosion protection to private property from approximately 270m north of the groyne.
The rock can locally modify delivery of northward sediment transport towards the entrance bar, by
promoting capture on the updrift side (south). It also effectively controls the southern limit for
potential channel mouth position (e.g. 1967 aerial imagery).

The areaadjacent to the Chapman River represents the widest point ohttershore platform
within the ChampiorBay (<10 m water depthyvith narrowing apparent to the north as the
platform declines beneath the sandy substrate. Lidar sufFeyure Bb) indicates he reef system
generally consists of two reef ridges, separated by a2@@m wide gutter.
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the shore
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The nearshore reef system acts to reduce incident wave grengmodifieswavedirection A local

reef high point extends south from the proposed groghposition at approximately 200m from the
shore. This system provides additional shelter to the shoreline, with the zone of shelter varying with
wave directionShelter will likelycontributeto periods of enhanced updrift accumulation (e.g.

during sedreezes) and enhanced downdrift erosion to the north where greater wave exposure can
occur.
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APPENDIX B.3 SIMULATED ALONGSHORE TRANSPORT & GROYNE INFLUENCE

A major process detenining the influence and effectiveness of coastal groynes is alongshore
sediment transport. This is a relative movement of sediment along the coast, devettgaty
through sand being stirredp by waves breaking on the coast, which is transported byrskare
flows, which includes alongshore currents generated by wave breaking.

Alongshoresediment transport potential has been examined using a combination of the Outer
Channel Directional Waverider Buoy dataset (22021) and the Sunset Beach AWAC dgplents
(20202021). These represent comparatively short datasets, unsuitable for parameterisintgfang
shoreline dynamics. However, they are suitable for identifying seasonal patterns and illustrating the
effects of synoptic (weather) variabilitfo canbine the nearshore information provided by the

Sunset Beach deployments with the longerm information from the directional waverider, a basis

of wave height and direction transformation was developed from the overlapping record and used
to synthesise earshore conditions when only the offshore data was available (FigGje B

OFFSHORE NEARSHORE
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2020-2021

Buoy Record
2014-2021

Wave Height and
Direction
Transformation

Synthesised Nearshore

Wave Record
2014-2021

Figure B6: Schematic for Process of Wave Date Interrogation

Comparison of wave conditions offshore and closer to shore indicates:
1 Reduction of wave height from offshore n@arshore Figure B7).
1 Moaodifications to wave directionRigure BS).
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Figure B7: Crossplot of Offshore and Nearshore Wave Height
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Figure B8: Comparison of Offshore and Nearshore Wave Direction Distributions
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There is an average reduction of sea ametll waves to 52% and 60% (respectively) of offshore
conditions. The greater reduction for sea waves indicates that loss is not dominated by friction,
which is more substantially experienced by swell. Further, the directional distributidgs¢ B3)
suggest that swell waves are sheltered at the location of the directional waverider buoy (i.e. the
higher nearshore to offshore ratio is a reflection of less shelter rather than proportionally lower

energy loss).

The theoretical effect of refraction, whichS y S NJ f f
approach, produces an antlockwise rotation for more northerly waves and a clockwise rotation for
more southerly waves. This pattern was not apparent in the directional distributiéigare B3).

However subsequent evaluation of the reduction of sea waves from offshore to nearshore indicated
the refraction is activeRigure B9). A distribution was fitted to describe the relationship between

sea wave damping and offshore wave direction.
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Figure B9: Varigion of Nearshore to Offshore Sea Wave Height Ratio with Offshore Direction

Directional crosplots (Figure BLOlower panels) do not show a clear relationship between the DWR
and AWAC data sets. Direction measurements, for both sea and swell are appdmnthated by
swell energy. No clear connection between offshore and nearshore was identified, with the point
Of 2dzR & dz3 3 S a i A giis iskpostiida fidctich & Mstrdnferdtatid® differences, or local
bed structure.

Comparison between offsore and nearshore wave conditions has been used to simulate a
nearshore wave history, based on the offshore wave measurements {2084). Assumed
relationships include:
1 Swell waves have been assumed to be 60% of their offshore amplitude, preserving their
direction and period.
1 Sea waves have had their reduction calculated as a function of their offshore direction, but
otherwise preserve their direction and period.

The simulated nearshore wave history was then used to estimate alongshore transport potential
using the formula

Q ~ HT cos(2§-qo)) sign §-o)
This equation estimates the potential capacity for waves to drive alongshore sediment transport.
However, actual sediment transport is modified by a range of factors, including beach slope,
sediment sizend presence of rock.
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Figure B10: Crossplots of Offshore and Nearshore Wave Height and Direction
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Alongshore sediment transport potential determined for the sea and swell wave components
indicates the dominance of the swell waves, with approximately 85% of the transport pdtentia
derived from swell.

Transport potential from sea wavekigure BL1) indicates that the northward transport is dominant
for the westfacing coast, with sporadic occurrence of southward alongshore transport potential.
b23S (KS WdzLILIS Nasfisiefexniin@d bg the 8isécéd sadel cutsff; and wave
steepness.
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Figure B11: Alongshore Sediment Transport Potential from Sea Waves

Alongshore transport potential from sweRifure B12) is also predominantly northward on a west

facing coast. @ithward sediment transport potential is infrequent, and there are occasional brief
periods of very high northward transport potential, such as the strong southwesterly storm, with
long wave periods occurring in August 20E&(re B13).

Cumulative alonghore transport potential over each calendar yeaigre BL4) is shown for three
different directions of 262 270, 27 which approximately correspond to Sunset Beach South, an
2OSNF Ef WFE@SNYISQ FEAIYYSyYyd ySI NufPe&dshor& I LIYEF Yy WA ¢
Characteristics shown include:
1 Transport potential due to sea waves is much smaller than for swell waves.
1 Sea waves cause prevailing northward transport potential throughout the year, with minor
NEOSNEIfA O06KAOK unvkeJLISIF NI a WiAyl1aQ Ay GKS O
1 Swell waves cause prevailing northward transport potential throughout the year, but there is
increased transport potential during winter months.
1 Transport potential slightly decreases to the north due to the change in angle. Note that this
analysigloes not capture the effects of changing shelter from Point Moore or reef systems.
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Transport Potential from Swell
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Figure B12: Alongshore Sediment Transport Potential from Swell Waves
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Figure B13: Synoptic Chart Frorixtreme Alongshore Transport Event
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Figure B14: Cumulative Alongshore Transport Potential
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The seasonal pattern of alongshore transport potential for a vi@sing coastKigure B15)
indicates greater capacity for northward movement during winter due to both sea and swell.
Howeve, there is a greater seasonal increase for swell.
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Figure B15: Seasonal Variation of Alongshore Sediment Transport Potential (Unscaled)

Accounting forelative contributions of the two wave types, seasonal variation of
alongshore transport potential foa westfacing coastKigure Bl6) is pronounced, with
almost three times the capacity for transport during June than in January and February.
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Figure B16: Seasonal Variation of Alongshore Sediment Transport Potential (Scaled)
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Variation of alongshore ansport potential with shore directiori-{gure Bl7) suggests there
is significant variation along the shore, with North Bluff Point having almost the highest
possible alongshore transport potential within this (simulated) nearshore wave climate. A
shore ficing approximately 24@vould experience near zero net alongshore transport
potential.

It is reiterated that actual transport rates differ from alongshore transport potential due to
multiple factors. Consequently, although North Bluff Point has a higher alongshore transport
potential than South Sunset Beach, it is also has a greater presénoek, which limits the
availability of sediment.

Transport Potential

— 50T

— sl

vvvvvv

South Sunset

‘North Sunset
Beach

Beach
North Bluff

Point

220 230 240 250 260 270

[l
ca
=

290 300

Shoreline Direction Faced (°N)

Figure B17: Variation of Alongshore Sediment Transport Potential with Shore Direction

The shore alignment with capacity for net zero alongshore transport potential is important

for an engineered coast, as it represents the maximum angle to which a shoreline can adjust
by capturing sediment updrift of a groyne. However, this parameter vagasonally, which
results in seasonal capture and release of sediment storage. Evaluation of seasonal variation
of the net zero potential shoreline anglEigure BL8) suggests a range of 8ccurs over a

year, with an antclockwise rotation during winte(i.e. a groyne will hold less sediment on

its south side). Released sediment is typically dispersed along the shore.

Two main consequences of sediment storage by a groyne and its varidhdilyg B19) are:
1 The initial storage volume should be matdhey capital nourishment, otherwise it
will cause downdrift erosion. For the estimated alongshore transport rates of 5,000
10,000 ni/yr, it would take approximately 1 year to fill a groyne projecting3@on
from the shore. A groyne projecting 40m from shavould take 24 years to fill
without nourishment.
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9 Variation of sediment storage causes downdrift erosion. For a groyne projecting 20
30m from the shore, 1,26Q,900 n#/yr of alongshore transport would be trapped in
GKS 3INREySQa a0 2dectiBgA056m ftd Shore may Sffdd@vely S LJ
intercept the entire sediment supply, although this will cause net shoreline accretion
on the updrift side and its influence would redumeer time
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Figure B18: Seasonal Variation of Angle of Net Zero Trangpor
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Figure B19: Effect of Groyne Length on Seasonal Storage Volume Change
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APPENDIX B.4 CROSSSHORE TRANSPORT CONSIDERATISN

Although seasonal and int@mnual beach dynamics are commonly considered in terms of
alongshore sediment transport, higher frequency beachtélation associated with cross
shore dynamics involves at least an order of magnitude greater volumes of sediment flux
and consequently this is critical to beach behaviour.

Crossshore sediment transport occuvgith several interconnected processes thugh the
nearshore, beach and dunes (Figur2®:

T
T

Over time scalgof hours to days, the beadhceis responsive tehanging wave
conditions, modulated by the coincident tidal conditions.

Over time scalgof days to monthsheach elevation is affected Ipeak waves and
tides, resulting in a change in beach storage. Under most conditions, high energy
conditions raise the beach levéiyt it may be cut through beach face flattenjray
subject to destruction and rebuilding at a lower level through alongstraresport
Over time scales of months to years, winldwn sand transfer to and from the dune
system provides a potential change in the volume of sediment available to the beach
and nearshore area3his process typically involves small volumes of voldnasmge
(2-10 m¥m annual flux) compared with potential changes associated with wave
driven alongshore or crosshore dynamics (:@00 n¥/m annual change).
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Figure B20: Crossshore Zones and Connections

Wavedriven gossshore coastal dynamics astrongly relatedo the way in which the
beach face dissipates waeaergy

1

On a steeper face, the effect of plungiwgves creates greater sediment mobility
andmay drag beach material offshore as the wawithdraws. This process is
enhanced in situationg’here waveinduced rip currents formOffshore movement
of sediment creates a flattdveach profile, which allows the beach to better
dissipate wave energy.

Under calmer conditions, spilling waves percolgimugh the beach sediment;
therefore, theoffshore flow as the wave withdraws is muckduced compared with
a plunging wave. Thieelps provide a gradual landward movementsetliiment,
which supports the beach buildingwards a steeper profile, depending in part on
sediment grain size and tidal condits (Wright& Short 1984, Masselink Short
1993).
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Aerial imagery for Chapman River mouth (see Se@jahows limitedsub-seasonal

variation in beaclwidth, su@Sa G Ay 3 f A YA (i S Ror tH&bgachiflitieO G A &S Q
although the beach may accrete or erode over years, it does not experience substantial
seasonal variation, such as observed along Perth metropolitan beaches (Ma&selink
Pattiaratchi2001). This has been interpreted to mean that the main cebgse processes

are (i) fluctuation of beach face steepness; and (ii) lostgen trends due to coastal

evolution.

No suitable information to describe beach face flattening and steepeningdes b

identified. Consequentlypotentialfor this behaviour has been evaluated using the long

term offshore wave record, by considering relative wave steepness (wave height to
wavelength, the latter which is a function of wave period). This is very muutdemative
measure, as these two parameters provide a simplified description of an entire wave
spectrum, and are not related to the coincident water level, which strongly modulates beach

response to wave conditions. Furthe
1. Significant wave transformatiomccurs from offshore to the beach face.
2. Beach flattening or steepening due to wavestatedependent e.g. if a beach
flattens at the start of a storm, sustained steep wave conditions will has lesser, or
potentially negligible effect.

Wave steepness died from the offshore wave record from 192821 shows substantial
seasonal and inteannual variability in the occurrence of stegjve conditions.

Figure B21: Wave Steepness Derived from Offshore Wave Time Series
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