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1. Introduction

1.1. BACKGROUND

ThisSand ManagemerRlanhas been preparedn behalf ofthe Town of Claremont for the
Freshwater Bay foreshoi€igurel). It has been cdunded by DBCA Riverbank Program,
aimed at achieving best practice foreshore management. Thequilimesactions relating
to ongoingforeshoremonitoring, management oflay-to-daychangeand responses to
events causingrosion orforeshoremobility. The Plan is intended to address existing and
potential impacts of foreshore erosion and inundatittprovidesa longerterm
management framework, wbh may be applicable for 10 to 25 years, depending
foreshore development andonditions expdenced, includingea level change.

384000 384500 385000 385500
=== “ T 4 R S R T A

Town of Claremont
Freshwater Bay

3 -] S
| Projection: MGA94 / GDA Zone 50

Imagery Date: 2018 A

Bathymetry Vertlcal Datum: AHD r.

6460500

5 B

ll; Sand Management Plan

Karrakatta Bank

385000 385500

Figurel: LocationDiagram

The need to develop a Sand Management Plan for Freshwater Bay was identified through
WESROC Foreshore Management Plan (Seashore Engineering 2016). Specifically, challenges
along Freshwater Bay occur because ¢lstarine beaches are narrow and low lyingthw

private properties close to the shore. Consequently, episodes of minor erosion or inundation
can potentially impact public access and amenity. Management of the foreshore is

complicated bythg 2 6y 2F [/ £ F NBY2y i Qa KAIK oforid SNI YI NJ
sediment transport along the shore to switch directiooth seasonally and episodically

A description of historic change along Freshwater Bay and further information on foreshore
drivers and dynamics is provided in Appendix A.

SE109 Claremont Sand Management Plan Rev 0.docx 1
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1.2. OBJECTIVE

This Sand M@agement Plan (SMP) provides a management framework for the Town of
Claremont foreshore along Freshwater Bymitigate existing and potential impackom
foreshore dynamics, including erosion and inundatiBristing management requirements
are low; havever, more substantial impacts are expected in the lorigem under future
projections of rising sea levels and changing weather patt&psons and

recommendations for transition towards lofigrm foreshore management are also included
within this Plan.

Existing foreshore management activities are partly constrained by tgi@aetion?.6), with
the high water mark boundary causing an artificial division of gangent actionsThe
Town is responsible for maintaining a narrow strip of foreshore, with the Department of
Biodiversity Conservation and Attractions (DBCA) responsible for management of the beach
and adjacent estuary bed, through the Svaard CannindRives Managemenfct 2006). In
practice, this separation is neoigid, with the Town historically undertaking foreshore
management works on the beach, subject to permission from DBCRepartment of
Planning, Lands and Heritage (DRIHdwever, the processf engagement islow, requiring
review and assessment of proposed works before undertakatigns.This SMP aigto
reduce this limitatiorby defininga set of possiblactivities that are agreed to by DBGAd
DPLHKwhich maypotentially support more effective use of minor works by the Town of
Claremont.

The Town of Claremont issponsile for implementation of theSandMianagement Plan
Although the Plan is subject to agreement with DBCA, adherente tSMRJoes not alter
the requirements for the Town to meet Environmental or Heritage regulations.

1.3. SITEDESCRIPTION

The foreshore area considered for the SMP extendghly1350m along thenorthern side

of Freshwater Bafrom the rocky foreshore downslope from Cliff Raad/NVatkins Road.

West of Claremont Yacht Club, around 550m of foreshore has a narrow fringe of low
elevation land in front of a high, sloping scarp, which transitions into rock cliff further west
(Figure2). East of the yacht clubheé foreshore is low elevatiomnd in some locations,

private property boundarieare close to shoreKigure3).

GOt A B FNBY /€ FNBY2Yi @GOOKSE 6 /(6288 iNRE /| KNRX &GO
Figure2: Views Along Claremont Foreshore (West)

SE109 Claremont Sand Management Plan Rev 0.docx 2
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(a) View east from Claremont Yacht Club (b) View west from Mrs Herbert’s Park

Figure3: Views Along Claremont Foresho(East)

From west to east along the foreshore, features include:

1 Rocky shore downslope from Cliffdrl.

9 130m of scarped, steeply graded foreshore, fronted by a narrow beach.

9 Christchurch Grammar School Rowing Shed, which includes gabion walling to
provide stabilisatioralong 110m of foreshore

1 140m of scarped, steeply graded foreshore, fronted by a narrcachesheltered by
Claremont Yacht Club jetties.

1 60m of narrow sandy beach in front of walling, that retains car parking area. This
area is used for dinghy storage. It is sheltered by Claremont Yachp&hab

1 Claremont Yacht Clumardstand includingboat ramp,wallingand jetty abutments

1 170m of beach, with a 2@25m wide grassed foreshore reserve in front of private
properties

1 Claremont Jetty and its abutment, adjacent to which a large stormwater drain
discharges

1 180m of beach, with aA5m wide grass#foreshore reserve in front of private
properties The western 85m has had sedges planted, to provide increased
foreshore stability

1 Chester Road carpar&ontained within &20m wide foreshore reserve, protected by
a limestone revetment for approximateffom alongshore length

1 Almost 300m of foreshore beach, with a grassed foreshore reserve in front of
private properties. The reserve narrows from ab@6in at its western end, to less
than 15m at its eastern endSedges have been planted along the shoreyigiing
discontinuous riparian stabilisation, with areas subject to undermining or trampling
A living stream with rock pitched sides has been constructed toward the eastern end
of this sectiorat Alex Prior Park

Approximately DOm of beach infrontoft§ 3INF a3 SR F2NBaK2NBE 2F aN.
Park

1 Alength of approximately 30m of bioengineering works, providing stabilisation to
GKS | 00S&aa G4N¥O1l 2y (UKS SIad aaRS 2F aNa | S
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A generalised characterisation of tk#aremont foreshoreast of Claremot Yacht Clulis a
steep rise up from the relict river channel;-80m wide terracewith grade ~1:50 and a
lower beach grade of ~25 (Figure4). The upper banls~1:8where it is a beach and ~1:3
where sedges are established.

Hydrauliczone Upper bank

(lowerbank)
Bed
grade linm

— Tide range Fareshare

()

Figure4: Generalised-oreshore StructuréEast of CYC)

1.4. FORESHORE MANAGEMENT VALUES AND PRIORITIES

Foreshore managementluesof the Town of Claremont were collated as part of the
WESROEMP(Seashor€016) Previously identifiedalues relevant to foreshore sand
management include:

9 Maintain existing uses.

I Maintain recreatioral amenity with a continuous accessackalong the foreshore
(noting a paved pathway is not suitable along much of the foreshore)

1 Low maintenance and sustainable management solutions through increasing
foreshore resilience.

1 Preference for some vegetation (trees unlikely to be supported) rathaem hard
structures.

1 Whadjuk valueggeneral through the Swan Rivareto maintain ecological
function, return foreshore to more natural conditions with a reduction in hard
walling.

1 Foreshore management should not defer erosion/inundation risks to [mozdte
property owners. Private property owners should not transfer erosion risk to the
foreshore reserve.

1 Maintain car parking areas at Chester Road and Jetty Road.

These values provide a broad setting through which foreshore management is undertaken
At a finer detail, priorities for management actions need to be established, and regularly
reassessed, typically on an annual basis. Priority should be based upon:

1 Immediate Safety Issues 1 Hazard to Adjacent Landowners
1 Foreshore Stability 1 Public Interest
1 Environmental Values 1 Amenity

1 Heritage Values

Conditions observed in July through September 2020 indicated no substantive issues with
respect to immediate safety or foreshore stability. Exposed rubble and debris to the east of
Chester Road wadentified by the Town of Claremont as the most pressing present issue.

SE109 Claremont Sand Management Plan Rev 0.docx 4
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2. Key Issues

WESROC Foreshore Management Plan (Seashore 2016) summarised foreshore management
stresses experienced by the Town of Claremont. Several issues identified included:
M Inundatio.
Foreshore Erosion
Beach and Foreshore Access
Local Scour
Exposure of Rubble
i Tenure Constraints
These issues arachoutlined brieflyin this Section

T
T
T
T

2.1. INUNDATION

A preliminary assessment of inundation hazard to Claremont foreshore has been undertaken
through comparison of the water level record from Barrack St(Betth) tide gauge with
foreshore levels derived from LIDAR survey. It is recognised that watervavglslightly

between Claremont and Perth, and that inundation hazard is also influenced by the
coincident wave conditions.

The tide gauge record from Barrack Street indicatdstinctseasonal pattern, with high

water levels mainly occurring during M#& July, when tides, storm surges and seasonal

mean sea level can be simultaneously high (Eliot 2012). Annual maxima are consequently
Ffglreéea Fo2@08S KAIAKSald FadNRy2YAO GARS ondnnyY! 15
distribution, as there is only-0.3m ketween the tyear average recurrence interval (ARI)

level of 0.8mMAHD and the 109r ARI level of 19mAHD.

140
130 o /
I 120
5 25/05/2020 A
= « e B 16/05/2003
— 110 &
2 —
> -
- =
o T~ 28f11/2012
& 100 BPs e o —
= - 12/07/1995 o
20/05/2011
90 +—
80
1 10 100
ARI (yrs)

Figure5: Barrack Street (Perth) Extreme Water Levels

Claremont foreshore is low lying, with levels of-Q.5mAHD idenified by LIDAR survey
across the grassed foreshore areBgy(ire6).

SE109 Claremont Sand Management Plan Rev 0.docx 5
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2.0

Claremont Yacht Club Claremont Jetty Chester Rd Carpark
o 15
T
§ 10 | 100-yrARIWaterLevel i e VEEE o POV TRV A NN
g 1,y|'m 8 r | ..-.:'"'.'..‘. - O OO . . o ] W
S . [ Y R
o Peak Tidal (no storm)]
0.0
0 50 100 150 200 250 300 350 400 450
Chester Rd Carpark Mrs Herbert's Park
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I
<
E
c
2
3
2
i

400 450 500 550 600 650 700

750 800 850

Figure6: Foreshore and Inundation Levels

(a) Grey solid line is approximately along the vegetation line; (b) Black line is approximately along the property bour@esy;dgjted line is
intermediate giving anndication of slope

Comparison of inundation levels with foreshore levels suggests that about 50% (by length) of the foreshore area wilcexperdation during a-§r

ARI water level event of B&AHD, but thamostfloodwaters will be ontained within the foreshore reserve, as less than 10% of the property boundary is
inundated. For a 19r ARI water level event of UMAHD, approximately 70% of the foreshore vegetation line will be flooded and 30% of the property
boundary will be inudated. During a 109r ARI water level of 19mAHD, approximately 90% of the foreshore vegetation line will be flooded and 50% of

the property boundary will be inundated. Waves will typically add to flood hazard, althbegbccurrenceof southerlywindsand onshore wavets
infrequently coincident with high water levels.

Photographs from the severe flooding event of May 2020 are included in Appendix C.

SE109 Claremont Sand Management Plan Rev 0.docx 6
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2.2. FORESHORBYNAMICS

Changing waves and water levels cause baacliments to be redistributedncluding both
crossshore and alongshore sediment transpdReview of historienformation (Appendix A)
indicates thatmajor changefave beercausedby human activities, particularly reclamation
worksand installation of structuresSubsequent adjustment has been relatively graddag
to the low energy settingnd the relative shore alignment tnodalwaveconditions, with
short-term foreshore moverent due tovariabilityof wave direction or water levels

Shortterm foreshorechange is mainly caused biprm events whichtypically cause beach
flattening. During high energy or high water level evetitere aretwo typical modes of
change(Figure?), with extension of the lower bank / beach gradieatusing erosionor
deposition as an overwash berffRigures8).

Profile Grade ,»”

@ @ Flattens

Upper bank

Hydrauliczone ""f""""“""“"““__"""""“7: ___ A
,' /, et L prasm
@ (lowerbank) 1y, I Extension of
1r S
I /NSRRI .y Hyoradliczone. . .. 1 Erosionand
! / @ Accretion
(a) Lower Bank Extension (b) Overwash Berm Building

Figure7: Typical modes of foreshore response storms

Figure8: Photograph of Overwash Berm

For typicalgrades occurring along Claremdateshore astorm event thatextends the
hydraulic zone b@.1m can expandhe beach2.5m landward. Where the foreshore is
fronted by a beach, thisancause amall (02m) cut. Where sedges are presemosioncan
typicallybe resistedHowever, if the sedgerotection isineffective, such as when they are
undercut,there is potential forapid shoreline retreat and scarp formatioump t00.8m
height

Seasonal behaviour includes movement of prevailing and dominant (strongest) wind
directions (Appendix A), causing wave directions to switch and potentially producing
oscillatory sediment transport along the beach. This interacts with seasonal beach change
caused by fluctuating water levels.

SE109 Claremont Sand Management Plan Rev 0.docx 7
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Overthe longerterm, Claremont foreshore has graally evohed, with net sediment

movementin either direction away from the Chester Road revetmemicumulating to the

east of Claremont Yacht ClgEigure9)and inf2 y i 2 ¥ a NB (FiBmWI)STNG Q& t I NJ
rate of loss has been slow, wilimited changein vegetation lingAppendix A)However,

conversion of the upper beach slofea sedged foreshormcludes steepening, which is

equivalent to 3 to 5m landward movement of the beach face.

= Actretion & vegetation— ~ >
_ —establishment between= —
—Claremont Jetty-and.CIATEM ot
e T T o1 e —
=~ Nccretion &
‘_vééaéﬁ' =

Progressive erosion at /

historical reclamation area: -
east of Chester Road seawall

Accretion & vegetation
establishment at eastern extent

= of Town of Claremont.beaches
= . — =

Progressive erosion at
historical reclamation area
east of Chester Road seawall

Figurel0: Claremont foreshore lookingast(image source Google Earth)

Foreshore dynamics on the west side of Claremont Yachti@ulwegradual loss from the
areawestof Christchurch Rowin8hedand depositioron the west sidef CYC hardstandn
the lee of CYC penThis has hatklativelylow impact due tahe small volumes of net
transportbut hascreated scarping west of Christchurch Rowing Slsadd deposition on
the CYQamp area and apparently causes some shallowing in plese to shore.

SE109 Claremont Sand Management Plan Rev 0.docx 8
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A model of foreshore dynamics hesnsequentibeen developedRigurell), based on
information summarised in Appendix Blaremont Yacht Club, through its armoured
hardstand and shelter from mooring pens, divides the foreshore and provides a focal point
for depostion. Transfer from west of Christchurch Rowing Shed towards CYC has not been
consistent historicallywith the Christchurch boat ramp providingpartial (above mean

tide) barrierto alongshore sediment transpotbetween 2004 and 2018.

New Concept Model

Hard Control
Weak Control

Reach

Sediment Accretion

Sédimenl Erosion and Transport

Alongshore Sediment Transport

Figurell: Conceptual Model of Claremont Foreshore Dynamics

2.3. ACCESS

Pedestriaraccesss akey amenity for foreshore useeast ofClaremont Yacht Club
includng accesslong Claremont foreshore resenaccess along theeachand access
between the reserve and the beach.

Alongshore continuity of foreshore access is crucial, with approximately 4m required to
provide good pedestrian access, although pinch points of 2m width may be tolerable for
short sectbns. For the area east of Claremont Jetty, the width is minimal, which limits the
capacity for expansion of the sedge zoRa(irel2). Areas where there is a loss oags

such as adjacent to Chester Road, can be considered lowered amenity.

Alongshore beach access does not need to be continuous, but longer sections are preferred.
These typically require foreshore to beach access at several points, particularly @&nehch

of the beach section. Beach access is constrained where the foreshore edge is steeper, with
low-mid tide access in front of sedges and low tide access only in front of Chester Road
revetment.

Access between the beach and foreshore reserve can otdis@ete points. Where sedges
are planted, uncontrolled access can cause a breach, which can possibly undercut the
vegetation.

SE109 Claremont Sand Management Plan Rev 0.docx 9
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] =S #
P T No grasan‘ 2 |
Narrowforeshore access_ _ b iy iy fOTESDDTE

Continuousbeach access

‘~ . = 90 ml = 1 : :

Figurel2: lllustration of beach and foreshore access

Pedestrian access to areas westddremont Yacht Club is required for discrete sections
along the area used for dinghy storage and in front of Christchurch Rowing Shed. The latter
is partly restricted where beach lowering has occurred and rock toe mattress has become
exposed due to its lw embedment.Continuous access along the foreshore is limited to low
tides, with scarpingrogressively reducing accessibilityder higher tides.

2.4. LOCAL SCOURND DEPOSITION

The large stormwater drain outlet adjacent to Claremont J&igurel3) provides gpoint of
local scour and depositiodue tovariable stormwater flowsThe cyclic pattern of scour and
then infill, drawing from its surrounds, provides a local poifforeshore erosion pressure.
Sediment in the vicinity of the drain méag mildly polluted from road runotind therefore
should not be used as sandresource

Figurel3: Stormwater Outlet

SE109 Claremont Sand Management Plan Rev 0.docx 10
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2.5. EXPOSURE OF RUBBLE

Theforeshore area including Chester Road carpark was reclaimed, using fill of mixed quality,
apparently including rubble and debris. Foreshore erosion, including retreat after Chester
Road revetment was shortened, has exposed the rubble including rustind (Riefare14).

The extent and volume of rubble and debris located along the foreshore is unknown.

Figurel4: Rubble, debris andindercut sedg adjacent to Chester Rd revetment

2.6. TENURE
The Town of Claremont and DBCA have shared management responsibility for Claremont
foreshoreunder the Swan and Canning Rivers Management Act (2006). The foreshore is

within the SwarCanning Development Control Arand therefore under planning control of
DBCA Statutory Assessments Unit.

Claremont foreshore has a high water mark tenure boundary, with a narrow foreshore
reserve area mainly managed by the Town of Claremont, abutted by privately owned
freehold lots(Figurel5). There are two areas of unallocated crown land within the
foreshore reserve, and Claremont Yacht Club halslsabed leasewith land ownership
behind the foreshore reserveThis tenure arrangement determines the following foreshore
managers:

1 DBCA (Estuaries Branch) are responsible for management of the foreshore below high
water mark.

1 The Town of Claremont are responsible for management of the foreshore aligive h
water mark, except the areas of unallocated crown land. This responsibility includes
road reserves that provide access to the foreshore reserve.

1 Department for Planning, Lands and Heritage responsible for management of the
crown land.

1 Private landowners are responsible for management of their land, subject to
regulatory approval by the Town of Claremont.

SE109 Claremont Sand Management Plan Rev 0.docx 11
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1 Asseabedease holders, CYC are not directly responsible for foreshore management
with the foreshore reserve separating the seabed lease from ghivately owned
land. However, in practice, CYC coordinate works to manage their lease area that
affect the foreshore such as construction of walling or dredging, subject to regulatory
approval by the Town of Claremont.

Claremont i
- Foreshore Tenure |

W nx 2

Land Tenure
| RESVE
FHOLD

| ROAD
CROWN

Figurel5: Tenure Map for Claremont Foreshore

Existing foreshore management activities are partly constrained by tenure, with the high
water mark boundary causing an artificial division of management actions. Although
activities crossingver tenure boundaries can often be easily agreed between parties, the
effort to negotiate collaboration and required documentation for regulatory approvals
provide a barrier to undertaking minor works that cross over. This barrier can be reduced
through cevelopment of a management plan, agreed to by all parties. This would support
more effective foreshore management, with focus on use of targetedjrigpact works.

2.7. LONG TERM FORESHORE CHANGE

Longterm change, includingrojectedsea level riseisexpected to modify theelative
significance of the key issuddnless otherwise managed, the overall expected response is
progressive movement of the foreshore profile to landwafty(irel6), with increasing
occurrence and severity of inundatioviertical growthof the overwash bermwvill occur on

the shoreward margirut maynot extend landward, creating lzasin that is subject to
intermittent flooding.
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Flooding

Figurel6: Longterm foreshore response to sea level rise (schematic)
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3. Sand Management Considerations

3.1. SANDRESOURCES ANREQUIREMENTS

Available accumulationsf sand along Claremont foreshore are resources that maysee

to address somef the foreshore management issues

1 Ongoingaccumulation of approximately 50¥ygr east of Claremont Yacht Cl{igure
17a) may be considered sustainable sourder the next 10 yearsThis was previously
used as a resource by the Swan River Trust, who (anecdotally) undertook local
backpassingOver longer time frameshts rate of deposition will slowsthe foreshore
continues to erodeand due toeffects of sea leveaise effectively ceasing by 2070.

1 Existingdepositionto the east of Claremont Yacht Club has been estimategb &b
650n?. This is a norsustainable sand resource.

1 Deposition wesbf CYC hardstartths been occurringt roughly20-30m? over the last
65 years (~1600# Land created by this deposition provides a narrow andlamg
foreshore buffer in front of the Claremont Yacht Club carpark extenbidift in 2015.
Capacity toextract sediment from this area is limited by its exigtiole as a buffer and
dinghy storage argawith approximately 100fconsidered presently availablEigure
17b). Extraction of the low and shallow volumes of depositetterial would best be
undertaken using beach scrapingith atleast5 yeas before further extraction

d058LI2aAa2y | 2DbRBSRHG HBSLR a/Afod2oy | NBE 5Sai
Figurel?: Existing Points of Deposition

91 Depositionon either side of Claremont Yacht Club potentially suggests there has been
RSLIaAAGAZ2Y 6AUGKAY GKS &l OKG Ofdzo aSIFIoSR fSI a
dispersionviapropeller scour, with incidental scour holes where pens are close to
shore. However, ge to the historical nature of the yacht club site, there is high
potential for contamination of deeper deposits or in areas within the- 2080 yacht
club footprint. Any material removed from the yacht club area should be subject to a
appropriatechemicd assessment before rese.

1 Although there are no identified plans for expansion of the yacht club pens, any
development dredging may provide a large volume of sedim@abtechnical and
chemical testing is required to confirm its suitability for use (88@8.2).

I Beach scraping may potentially be undertaken asipplementarysource relocating
sand from a beachreato a location of local stressuch as undercut sedges.
Approximately 70rficould be harvested from a 100m length of beaéfshore from
aNE | S NIk Sppioxindatelforicédvery 5 years.
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1 Externalsand resourcesmay be required if there is insufficient locally available material.
The® sources should be appropriately tested and require matching of size and colour to
in-situ material (SectioB.2).

Estimated wlumes ofsediment neededo address some of the key issues are:

Issue Option Required Sediment
Inundation | Raise foreshore araaid-line to +0.84mAHD (gr
ARI) and landward level to +1.11mAHD (40@RI)
- West side of CYC 100 n?
- CYC to Claremont Jetty 100 n?
- Claremont Jetty to Chester Rd 500 n¥
- / KSaiSNJ wR G2 aNa | 300 ¥
Foreshore | Balance ouspproximate historic rates of loss
Dynamics - CYC to Chester Road 60 mv/yr
- /| KSadSNI wR (i2 aNam | 25 nlyr
Exposure of | Cover rubble with sand 40m3lyr
Rubble Excavate rubble and replace with sand 1200 n#
Sea Level | Balance overwasteposition on foreshore arefmr
Rise 0.2m SLR2Q50)
- West side of CYC 120m? (4 nvfyr)
- CYC to Chester Rd 170 n? (6 m¥/yr)
_ /KSaGSNI wR G2 anNm || 150nf(Snihyn)
Balance overwash deposition on foreshore area
0.5m S\LNFQWQ) 310 n¥ (9 mPlyr)
- est side of CYC 900 n? (44 nlyr)
- CYCAto C,heAster Rd o 750 n# (37 nilyr)
- /| KSaAauSN) wR 02 aN&a

Comparison of sand resourcpstentiallyrequired andavailablesuggestshere islikely to
be insufficientsand toaddress althe foreshoremanagement issues.

Time Frame 20202030 20302050 20502070

West side of CYC 100m3 required 4 mPlyr required 9 m?/yr required
100 n? available 25m?3yr available | 25 m?/yr available*
CYC to Chester Rd| 1500 m®required 66 mv/yr required | 104 n¥/yr required
1150m?3 available | 50 m¥yr available | 50 m?/yr available
Chester Rd to Mrs 650m? required 30 m?/yr required 62 m?/yr required
| SND SNI Qa| 140mdavailable 14 nvlyr available | 14 n/yr available
* Historically available rates malecline with accelerating SLR.

The deficit between potential required and available sandgests a need to either
prioritise available sand for specific uses, or coverdeécit usingimported sand.
Interpretation ofan appropriate strategy is compdited byvariability in the amount ofand
required(on a yea#to-year basisanduncertainty associated with estimation of sediment
volumes.Consequently, an adaptiveand managementlan has been developethat
includesassessment of sand resous;aeed and priorities.
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3.2.

ASSESSING SAND SUITABILITY

For any potential source of sand, whether obtained locally or externally, it is required that
the sand be determined as suitable for placeméittis shall include assessment of key
biophysical characteristics tifie source materialvith varyingrequirements based on the
history of the source sitéTablel). This generally follow relevant parts of the National
Assessment Guidelines for Dredging (Commonwealth of Australia,208%ustralia and
New Zealand Guidelines for Fresh and Marine Waigality(ANZECC 2008hd WA
Contaminated Sites Management series (DEC 2010).

Tablel; Sand Source Assessment

Source Origin

Assessment Requirements

Local, surface source;:
Source and placement site
within the same local area
of sediment circulatiorand
extracted from the near
surface (<1m depth).

Confirm the source site is free of dehrsganic matteror odour.
Undertake a minimum of 5 particle size distributions usingesie
settling tube or other graduate methods.

Confirmmedian source patrticle size (D50) exceeds that of the
placement site, or D50>0.6mm.

Confirm there is less than 2% of fine sediment (smaller than
0.12mm)

Confirm the source material has a matching colmuthe
placement site or can be cleaned to provide a match.

External source with
existing sediment sampling
demonstrating no
contamination

As above.

Local source with source
from >1m depth.

As above plusvaluation of:

9 Tributyltin (TBT) which is an omyatin.

1 Polycyclic aromatic hydrocarbons (PAHS).

9 Total petroleum hydrocarbons (TPHSs).

1 Chromium reducible sulphyrefer to DEC 2013).

External source with no
existing sediment
sampling.

Development and implementation of a Sediment Sampling an
Analysis Plan (SAP) to identify potential contaminants of cong
and assess comprehensiveipt. minimum, this will be as aboye
plus:

For sites withupstreamriverineorigin:

9 Organochlorine pestides.

For sites potentially exposed todustrialpollution:

1 Polychlorinated biphenyls (PCBSs).

1 Benzene, toluene, ethylbenzene, xylene (BTEX).

3.3. INVESTIGATIONS

Decisioamaking regarding sand management along Claremont foreshore may require two
investigations to be conducted:
1. Investigation of the sand lobe on the east side of Claremont Yacht Club
2. Evaluation of the distribution of rubble east of the Chester Road revetzueht
determination of appropriate longeterm management

SE109 Claremont Sand Management Plan Rev 0.docx
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The sand lobe hgzreviously been used as a local sand source by the Swan River Trust and

the volume which has been deposited since it was last used is highly likely to be suitable for

use. However, it is unclear how much has previously been removed, and whether any of the
f2085Qa @2t dzyS O2yiGlAya NHzooftS 2N 20KSNJ YIFGSNRI
Investigation options may either be undertaken prior to excavation, with a tnacknted

bore ($7,506510,000 hire per day), or as part of sand management works, where ialater

assessed as it is excavated, and operations are stopped if unsuitable material is reached.

Existing knowledge of the rubble east of Chester Rd revetment suggests that it is mainly
inert material and therefore it creates no adverse issues when Quk®wever, it is
acknowledged that a series of partial removals as different areas become exposed is likely to
provide ongoing poor amenity. Consequently, it is necessaryatuat the total

distribution of rubbleand develop an achievable strategy fabble management. An
investigation combining ground penetrating radar withcuum excavatiofcost estimate
$5,000)is recommended as a first step, with subsequent options assessment by a
geotechnical professional.

3.4. CLASSIFICATION OBAND MANAGEMENRACTIONS

Sand management activities required for effective management of Claremont foreshore
range inscope with different levelsof project controls(and consequent regulatory
approval)required to ensure accepbde outcomesA provisional classificain of sand
management actions is presentefigurel8), which separates the activitiésto minor,
intermediate or major actiongach with asociated levels of permitting.

) All of the following:

MINOR ACTIONS «  Volume of sand <150m3/yr Notification by Town of
+ (Claremont foreshore sand source Claremont
N /+ No pollutants N /
* Excavation<0.2m
| All of the following: " . o
INTERMEDIATE ACTIONS | ° Volume of sand <600m?/yr Written permission from
* Claremont foreshore sand source DBCA and DPLH
i\ / or Certified clean sand source N /

* Excavation<0.2m

) Any of the following: ( )
+  Volume of sand >600m3/yr Formal Environmental &

MAJOR ACTIONS - . .
* Uncertified foreshore sand source Heritage submissions
o /= Potential for pollutants L /
¢ Excavation>0.2m

Figurel8: Classification of Sand Management Actions

Minor actions are those for which the Town of Claremprdvides notification to DBCA and

DPLH, withoutequiringformal permissiorio proceed This may includactivities such as

sand placement on the beach areasmaltscalebeach scrapingwvhere turbity issues are

managed througtsmall scale and timing of works during low tialed nonwinter conditions
Endorsement of this Sand ManagemerdarPby DBC# intended to provide enduring

permissions for the Town of Claremont to conduct small scale works below the high tide
YEN] 6A®Sd gAldKAY TFhiswils@eamlivid thelperfissiény procasNE I 0 ©
and increase effedte use ofminor actions for foreshore management.
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Intermediateactions are thosevhere written permission is requireiitom DBCA and DPLH. A
project outline shalbe provided by the Town of Claremont to seek this permission, outlining
scope, timingand controls toimit adverse impacts.

Major actionsare those wherdormal environmental and heritage submissions ndéd to
be prepared, demonstrating the adequacyprbject controls to limit adverse impacts. Due
to the presence opollution and the estimated volumef excavation required, remediation
of the exposed debrit the east of Chester Road revetment is a major action.

3.5.  WEST OF CLAREMONT YACHT CLUB

West of Claremont Yacht Club, foreshore dynamics suggest net movement from the
foreshore west of ChristchurctoRing Shed to the east, where they accumulatest of CYC
hardstand, in the shelter of the yacht club pens (see Appendix A for additional description).
Progressive scarping of the foreshore west of the rowing shed and accumulation in the yacht
club area a& acknowledged as adverse impacts, occurring at a relatively slow rate. However,
because erosion of the scarp involves activation of the foreshore matergaiing deposited
sediment back in front of the scawgill provide limited protection and would not

substantially slow foreshore change. Consequestigiment management is not considered

a primary tool for management along this section of foreghor

Treatment via stabilisation preferred, as this will reduce both scarp formatist of
Christchurch Bwing Shednd sedimentation west of CYC hardstand. However, due to
limited assets along this section and slow rates of change, there is limited economic
justification for stabilisation works, lessscarps are large and steepough to threaten
geotechnial instability. An alternative reasdn undertake stabilisation is to provide safe
low-tide beachaccess, howevewrest of the rowing shetiasverylow use, and safety risk
could be effectively managed by prohibiting accésshis setting, it is recommeled to use
local scarp management, untilere issignificant slip riskTable2).

Table2: Local Scarp Management Monitoring, Triggers aketions

Monitor: Inspect Foreshore everyB) years, assessing scarp height & looking
signs of instability (scarp collapsé)spect in during low tides in
OctoberNovember to maximise access.

Trigger: Active scarp height >1.5m for <23amgths

Action: Local scarp knoettown, pending accessibility

Trigger: Active scarp height >1.5m for >25m lengths

Action: Undertake geotechnical assessment of slip risks, to identify suitable

actions & determinesetback trigger

Christchurch Rowing Stiés theonly asset for whictioreshore dynamics may strongly
impactamenity, particularly through exposure of shallow buried rock toe mattre¢ses
Appendix A for observed behaviouBs the structure is only recently constructed, it is
unclear is thigs shortterm responseor alongterm trend. Ongoing inspection of the beach
should be undertaken, tbelp identify potential mechanisms for chan@eable3), assess
foreshore access ammbnfirmadequate structural integrityStructural adaptation may
include addition of a short groyne to the east of the structure (which has the benefit of
reducing sediment transfer towards Claremont Yacht Club), or construction of adeepty
embedded toe if the mattress fails.
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Table3: Potential Mechanisms Behaviour & Responsddear Rowing Shed

Potential Mechanism

Behaviour

Possible Respoms

Reduced control on
foreshore position

High rates of eastward
sediment transport
continuefor 3+ years

Stabilisation structure near
centre of gabion walling
(reduces beach access)

Response to pushing beacl
forward

High rates of eastward
transport endin < 3 years

Not required

Local scour due to wave
reflection

Bead locally lowered in
front of gabions

Locally baffle waves

Local scour due to
downdrift erosion

Beach seasonally lowers ol
east side of rowing shed

Stabilisation structure on
east side of gabion walls

Gabion mattress

constructed too high

Undermining causs
damage to mattress

Lower mattress

Table4 outlines apreliminary monitoring framework for théoreshore immediately adjacent

to the Christchurch Rowing Shed. Actions are presently noted as investigative, as the cause

of erosion is unertain. Quarterly monitoring is recommended, as it is unclear whether
beach conditions will b&vorst under peak seasonal conditions, or at the end of winter or

summer.

Table4: Local Scarp Management Monitoring, Triggers and Actions

Monitor:

Inspect foreshore every 3 months, to evaluate foreshore acces
and structural integrity. Inspect in Judely (midwinter),
SeptemberOctober (end of winter), Decembdanuary (summer
recovery) and April (before winter(ollect photographs atded
locations.

Summeror Autumn

No dry/ safepedestrian access along the gabion walling

Trigger:

Action: Assess options for improved accessibility

Winter or Spring Damage to or undermining of gabion toe mattress
Trigger:

Action: Assess options for ipmoved structural performance

SE109 Claremont Sand Management Plan Rev 0.docx
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4. Existing Vegetation and Revegetation Works

Effective sand management integrally relate the presence and functions of foreshore
vegetation. This is a twavay consideration, with vegetation potentially providisgdiment
retention and affecting sediment redistribution, and sediment deposition or loss potentially
causing smothering or undercutting.

Previousplanting of riparian vegetation has focused on us@atus kraussiwhich
preferentially occupies thapper intertidal zone.3 7 0.7 m AHD). For the prevailing
structure along Claremont foreshore, there is a narrow niche which can be occupied,
generally resulting in a narrow fringe of riparian vegetation (Figurel9). This fringe can be
fragile, subject to undercutting during storm events, or it may actively trap sediment, helping
to build a foreshore berm.

GOWdzy DNE @&ZAA ¥ IS Ay Y2RSEWSESY v §Ii BXDAH 3 S

Figure1l9: Examples of riparian friges in fair and poor states

Greater health and thickness of the riparian fringl improve resilience of the foreshore to
disturbance eventsThis requires wider band of riparian vegetation, typicallybi. As the
existing foreshore is towards the uppkmit of Juncus kraussa robust band ofiparian
vegetationmay require either (i) slight lowering of the foreshore behind the existing sedges
and planting withmature juncus from >140mm potsor (ii)raising of the foreshoreehind

the existing sedgeand planting withFicinia nodosand further away from the watline
Lepidosperma gladiaturgpreferably above 1.5mAHs these species have good soil
stabilisation properties.

Opportunity forgreater species diversity to improve ecological function may include
sporadic planting aamphire Sarcocornia quinqueflay and seablite§uaeda austral)s
amongthe juncus However these species do nttave substantial root structures and
therefore are reliant on the juncus for soil stabilisation, and hence juncus must remain the
main floral element.

Other salt tolerant pecies that can be blended to landward with thieinia nodosand
Lepidosperma gladiatuimcludeAtriplexspp Sporobolus virginicu3hrelkeldia diffusa,
Tetragonia tetragonoided ecticorniaspp Samolus junceusnd Frankenia pauciflorus

Melaleuca cuticulariand Casuarina obesshrubsprovide useful soil retention and high salt
tolerance Howeverijt is recognised tht there is likely to be limited appetite for vegetation
that affects sight lines, so any planting should be limitgd;aefully selected locationand

in small clumps of two or threghrubs.
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Planting locations shoulgreferably be:

T

Along the more stable sections of foreshore (i.e. away from scarps or areas of widely
fluctuating foreshore beach). When used in less stablagraparian planting will

be subject to occasional disturbance, and should be considered as requiring active
maintenance.

Placed in continuous lengths of more than 25m, with gaps aligned with preferred
access points between the foreshore area and the he@eneral alignment should

be parallel with the existing vegetation line.

When more broadly spaced, the capacity for a length of riparian vegetation to create
a point of alongshore control should be recognised. The key implication is increased
capacity fo erosion on the downdrift sideé~{gurell).

Fenced offrom the landward sideluringan establishment phasef at least 12

years.

Riparian planning should typically bepported through placement of a sand buffer

in front, to support vegetation during a period of establishment.

Foreshore vegetation should be monitored regularly (approximately monthly), with
appropriate seasonal planting to replace damaged or destits. Overall erformance of
foreshore vegetatiorshould bereviewedat a minimum every 3-5 years. There is a potential

need to adjusspecies composition over time, wittppropriate supplementary planting to
ensure dense growth and foreshore stabilisation.
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5. Sand Management Plan

Sndmanagement actions fo€laremont foreshoreast of Claremont Yacht Clabe

presented As discussed in Secti8rb, sand management i®t considered a primary tool

for foreshore management west of Claremont Yacht Club, although accumulated sand may
be a supplementary source for sand management to the east.

5.1. INSPECTIONS

Twice annual inspectioof the foreshore by a Town of Claremont representastall be
undertakenin September and MarclPhotographsshouldbe takento support
recommended actiondnspection shall identify:

1 Areas of sedgandercutting or root exposure by more than 0.2m. This represents a
situation with potential for rapidoreshore erosion and should be addressed as a
priority.

9 Scarping of more than 0.3m height. This represents a potentiah&ard butmay
also be indictive of erosion

1 Exposure of rubble or debris

1 Loss of accessible foreshogeass coverage avidth.

1 Indications ofnundation across the foreshore reserve such as wave debris lines.

Inspections shall be reported to the Town of Claremont Foreshore Coemmitt

5.2. IDENTIFICATION OF MAJOR SAND REQUIREMENTS

Twoissueshave been identifiedor Claremont foreshore requiring major sand management
activities, being (i) infilling to reduce inundation hazard; anan@hagement of the exposed
rubble east of Chester Rdaevetment.These projectare expected taequire formal
projectplanning andappropriate permissions'he quantity of sediment required to address
these issuemay affect the availability of sand for minfareshore management activities

5.3. IDENTIFICATIONOFSHORTFTERMSAND REQUIREMENTS

Evaluation of sand requirements shall be undertaken, baseti@foreshore length of
undercutting, scarping or rubble exposuiee. addressing erosionplusan estimate of the
area exposed to inundation.

An estimate ofhe sand requird to address erosioshall be based upon 0.5per metre of
foreshoreexperiencing undercutting, scarping or rubble expodirigure20a). This quantity
shall be reviewed on an annual basis, after observing performance of placed material.

The need to address inundation requires consideration of the severity of eggp&sierced
since the previous inspection
9 If foreshore inundation has occurred due to a flood event exceeding tha 2RI
water level {.04mAHD or BOmCDY o6+ a SR dzLl2Yy GKS 5SLI NI YSyi
Barrack Street tide gauge recottien sand placement is not msidered necessary.
{1 Ifinundation has been caused by a lower event, thed of sandper metreof
foreshore should be placegzhd spreadn the foreshorgFigure20b).

Sand place to addresserosion is considered to have a higher priority than that required to
address inundation.
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Figure20: Indicative placement by crossection

Calculating sand requirements from an inspection involves multiplyingetigths of
scarping or inundation by typical placement rates. For the example presenkigure21, a
total length of 90m scarping (0.5¥m), 25m of exposed rubble (1%m) and 95m of
inundation hazard (1/im), has a sand requirement of 165nif only 120m of sand was
available, then 70fwould be placed on the scarped areas and only Sflacedat the
inundation sites.

90 m

Figure21: Example of inspection outcome
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5.4. CONFIRMATION OF SAND RESOURCES

Availability of sand resourcde address the sand requirements shall be undertaken as part
of inspections. This shall include:

9 Identification ofapproximate sand volumes available adjacent to @Y e beach.
This requires thatthé S OK A & Ysiép adjaCentyoreég&t&icnyvith a
clear beach ridge and no scarpifsgeFigurel7a foran example)An estimate of
available volume shall be based upon 0.times the width and length of the beach.
It is anticipated that sand harvesting from this beach can be achieved &&ry
years.

previous extraction.

9 Identification of approximate sand volumes available from the beach in front of Mrs
| SNDSNIQa tIFINyl® ¢KAA NBWBRARBLaAGKIE OKSIBEEbHE
and no scarping. An estimate of available volume shall be based upon 0.1m times
the width and length of the beach. It is estimated that sand harvesting from this
beach can be achieved eversb3ears.

1 Identification of approxnate sand volumes available from the beach west of CYC
KFENRallyR® ¢KAAa NBIldzANBa GKIG GKS 60SIFOK Aa
volume shall be based upon 0.05m times the width and length of the beach. It is
estimated that sand harvesting fromighbeach can be achieved everl® years.

Due to the low wave energy on this beach, disturbance by plant (likely a bobcat)
may result in a boggy beach. Consequently, it is important to undertake works
during low tide, providing the best opportunity for &#eh material to settle under
tidal wash.

5.5.  BALANCING OF SAND REQUIREMENTS AND RESOURCES

Estimated volumes of sand required and available shall be compared.
1 If there is sufficient supply to address the requiremetit volume of sand
necessary for placemeshall be used to classify sand management actions as
minor, intermediate or majorKigurel8).
9 If there is an overall deficit of material, an external source of cleaarse sand shall
be identified, to supplement thavailable material.
Where there is a small deficit, and some of the sand requirements are caused by scarping,
an option to knock down a section of scarp shall be considdred.reduces the volume of
sard required, but reduces the width of the foreshore reseraad consequently should be
undertaken only where there is a wide (>10m) foreshore reserve.

5.6. FORESHORHREND ASSESSMENT

The recommended approach of using observations of scarps and evidence of inundation to
guide sand management needs provides a simplified, flexible method to cater fetogear
year variability of pressure on the foreshore. However, lorigen success asand

management alsoequiresa more quantitativeevaluation, to support adapin of the

foreshore management approach.

Theoverallslow rate of changeccurring along Claremont foreshore supports infrequent
assessment of the foreshar®nce every 5 yeartrends of foreshore change shall be
assessedThis shall involve:
9 Collection of dield-basedphotographic record¢orresponding as much as practical
to sites previously photographed (Department of Transport 2013)
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9 Collation of management records over theeceding 5 yearsncluding identification
of how much sand has been extracted from rgustainable sources (i.e. east of CYC
hardstand).
9 Obtainingrecent highquality aerial imageryfrom Landgate or an alternative
provider (e.g. Nearmap).
This information shall be collated in a short report, identifyapgarentlytrendsand
evaluating the efficacy of the management efforts to address foreshore managemerd.issue
This evaluation shdd identify rates of horizontal foreshore movement (m/yr), but it will be
important to place these values in the context of weather and tide conditions experienced
between assessment period@ecommendations for variation of the sand management
approach kall be identified.

It is noted the 5 yearly time scale of trend assessment is not indicative of foreshore
management time scale&pisodic change (e.g. impact of a severe stagnypicallyrapid
and may require urgent response. More typically, respasisauld be undertaken when
seasonally appropriate.
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6. Action Summary
Actions to be undertaken as part of the Sand Management Plan are summariSedble$.

Table5: Summary of SMP Actions

Initial Actions(2021-2022)
1 Investigate the sand lobe on the east side of Claremont Yacht Club.
1 Evaluate of the distribution of rubble east of the Chester Road revetment.
9 Establish a foreshore baseline,tabie for trend assessment.
Sequential Actiong2022 onwards)
I Geotechnical options assessment for rubble east of Chester Rd revetment.
Determine and implement the appropriate management.
Annual Actiongongoing)
T Undertake sand demand and resou@ssessment to determine annual sand
management. Undertake placement, preferably in Octebecember.
Irregular Actiongongoing)
1 1aaSaa alyR NBaz2dz2NOS 2y 0S|I OKsydass). T
9 Assess sand resource on beach west of CYGthadti(every 8LO years).
1 Foreshore trend assessment (every 5 years).

The SMP deliberately does not lead to a fixed volume of sand management but combines

evaluation of sand requirements and resources to determine the actions required on an
annual basisBased on historic patterns of shoreline chanigés anticipated that
approximatelyl25 n¥/yr (on average) will be required to address erosion pressure, with
further sand required to address inundation hazard. This quantity exceeds the estimated
70ne/yr average rate of sand supply, indicating there is a need to extract sedifrom
areas where it has accumulated historically.
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Appendix A: Freshwater Bay Foreshore Drivers and Dynamics

FORESHORE DRIVERS

Claremont foreshore is subject to hydrodynamic forcing by waves, currents, and water level
variability. These processes cause constantly changes to the distribution of stresses on the
beach and foreshorayhich can lead to adjustment of the foreshore shdpeugh

sediment transport.

There are no direct measurementsrokteorologic or oceanic datvailablefrom
Freshwater Bay. Consequently, behaviour has been interpreted based upon nearby water
level and wind records:

1 Barrack Street tide gauge record, mi@ined by the Department of Transport, has
been evaluated, including the available modern record from 12&830 and previous
historic recordfrom 19331977 (Scott 1977)Due to the relative widths of Perth
Water and Melville Water compared to the narrowannel between Fremantle and
Freshwater Bay, the Barrack Street record is considered a fair representation of
water levels along Claremont foreshar@lthough minor differences will occur
because of local wind setup due to winds across different basins.

1 Melville Water wind record, from the Bureau of Meteorology weather station
AWS9091, is available from 1992020.The wind recordndicates the capacity for
wave generation across the surface of Freshwater Bay, although this is modulated by
the effective feth Figure22), increasing waves generated by southeast winds on
the west side of the bay and increasing waves generated by southwest winds on the
east side of thévay.

This evaluation neglects the potential influence of boat wakes, which provide another
source of wave energy. These typically provide a much smaller contributieacghore
wave energyn a gently sloped beaatompared to wind wavesut have the cagcity to
produce higher individual wave crests and more acute angles, increasing their relative
impact.

Figure22: Freshwater Bay Indicative Wind Fete$
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Water Level Variability

Water levels inside Melville Water and Perth Weadee dominated by marine influences,
including tides, surgeand mean sea level fluctuations (Eliot 2012). Although riverine
flooding historically demonstrated the capacity to cause extreme water levels within
Melville Water (Fraser 1905), the scale of #stuarine basins causes significant damping of
runoff flooding, with further reductiorover the 2" Centurydue to catchment modification
(Middelmannet al. 20().

Longterm water level measurements from Barrack Street (Perth) tide gétigare23)
show historic annual maximwminimum water levels digitised from tide traces (1930
1977),andhourly digital observations (19&8020) from the Department of Transport tide
gauge The record reflects:

9 Microtidal conditions, which are mainly diurnal, with one high tide per day.

1 An overall rise, which corresponds well to thé"ZDentury trend observed at
Fremantle £1.7mm/yr), which reasnablymatchesestimates of global mean sea
level rise(Douglas 2001)

1 Inter-annual mean sea level variability, which is strongly linked to gkdzdée
climate fluctuations, which contributed to a rapid rise from 1990 to 2011 (Wite
al. 2014).

1 Seasonahnd episodic variabilitywith high water levels mainly occurring in May to
July. The highest water levels are all associated with extreme storm surges, although
storm type and surge processes may vary through the year (Eliot 2012, Pattiaratchi
& Wijeratre 204).

Notably, since 2000, 7 of the 10 highestordedwater level events have been observed,
indicatingincreased recent stress. It is notable that this period is a result of several different
phenomena, including a period of sustained high meamlseel in 20122013
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Chart Datum (CD) is approximately 0.76m below Australian Height Datum (AHD), which roughly
corresponds to mean sea level.

Figure23: Barrack Stride Gauge Entire Historic Water Level Record
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The modern water level recorfdom 1988-2020(Figure24) more clearly illustrates the

W a L#afureé 61 high water leveleents, with most water levels above 1.4mCD (0.84mAHD)
lasting for <12 hours. Below this approximate threshold, there is a significant increase in
water level occurrence, as levels can be reached by a combination of high tide with small
surge, or high surgeith moderate tide.
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Chart Datum (CD) is approximately 0.76m below Australian Height Datum (AHD), which roughly
corresponds to mean sea level.

Figure24: Barrack STide Gauge Modern Water Level Record

Seasonal variation in Higvater level events is contributed to by tide, surge and mean sea
level fluctuations Figure25), which all have seasonal patterns:

9 Tide has two peaks per year in Juhdy and Decembelanuary.

1 Storm surge typically peaks in Mayne, but there is capacity for large events all
year around, including the effects of occasional southward travelling tropical
cyclones and exopical cyclones. TC Alby (April 1978) causerben water levels
for much of southwest Western Australia.

1 Mean sea level varies by 6023m over each year, with a peak typically occurring in
May-Jun. This variation is strongly tied to large scale weather and oceanographic
variations

Coincidence of pdas forthese processem May-July provides a narrow seasonal window in
which extreme water levels most frequently occur.

The significance of different processes contributing to high water level events for foreshore
management is illustrated by time sesief annual threshold exceedance rates and annual

maxima Figure26). As inundation of the Freshwater Bay foreshore commences at

approximately 1.55mC®.79mAHD), a relative indication of foreshore stress is suggested by
exceedance around this threshold. Exceedance varies substantially from year to year,

corresponding poorly to annual maxima. It is noted that the period of greatest exceedance
was20120Mo0 3 g KA OK O2NNBalLlR2yRSR (2 KAIK YSIy aSl f
KSFdgl @dSQ OF dza Sidclindate pHaséBufeat 9MNBtedfology BOXL2)
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Wind Conditions

Winds affecting Freshwater Bay are developed through a combination of prevailing regional

winds, weather systems and laisga breezes. These componeatbrary spatiallydue to
terrain and distance from the coast, and consequently require interpretatiom fa point of

observation to a site of interest. Bureau of Meteorology site AWS9091 was selected as a
likely best available representation of winds across Freshwater Bay due to its location near

the centre of Melville Water, on a pylon 400m east of Pelieaint, Crawley.

Theoverallwind record suggests a generally bimodal pattern of eagtert south
southwestwinds Eigure27), which is characteristic of the lars#abreeze cyclerevailing
for much of the year in Perth.
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Figure27: Annual Average Wind Speed and Direction Distribution

Seasonal variation of the wind distributioRigure28) occurs in response to changing
weather conditions, particularly the increased incidence of-fatdude storms and reduced
effect of diurnal heating and coolirayer winter months. This causweakening of the land
seabreeze systerinom April to Augusaindincreased occurrence @festerly (SW through
NW) windshetween June and September.
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Figure28: Monthly Wind Speed and Direction Frequency at Melville Water

Presemation of the wind directional distributioper calendar montt{Figure29) also shows
O0AY2RI
in NovembesMarch to an eashortheast direction in MayAugust. South teouthwest winds
prevail from September to March. Winter winds are more evenly spread, with low

occurrence of southerly winds during this period.
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Figure29: Average Monthly WindDirection Distributions (Melville Water AWS 9091)

Note thatFigure28 conveys wind occurrence above 15km/h digure29 shows wind
direction regardless of wind speed, which means taeynot directly comparable

The effect of seasonal changes to wind direction is modified bglieéering provided by
land and the relative capacity for wave generation across Freshwate FiBpyd22).
Consequently, only winds from the southerly half of the compes® been considered
when looking at year to year variability.
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The directional distribution of summer winds, presented as a percentage of winds from east
through west, from September to Marckigue 30) shows interannual variability.

Occurrence of westerlies displays cyclic tendency, but easterlies are more variable on a year
to-year basis. Note that behaviour in 262804 is possibly a local instrument issue.
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Figuee 30: Interannual Variability ofSummer Onshore Wind Distribution

The directional distribution of winter winds, presented as a percentage of winds from east
through west, from May to AugusFigure31). Both easterlies and westerlies are variable on
a yearto-year basis, although a higher occurrence of easterlies is apparent from220E6
than the perioddefore and after.
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Figure31: Interannual Variability ofwinter Onshore Wind Distribution

Available fetcles Figure22) have been combinedith the wind distribution(Figure29)
using a vector sum &3 "0"Q whereF, andfg are fetch length and wind occurrence
corresponding to directionq. For a fetchrestricted shoremonthly vector sumsKigure32)
indicatewave climatevariation over tle year, with deviation from the mean direction
suggesting a tendency for alongshore transpdtbte that wind directions do not directly
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correspond to wave directions, particularly due to the process of refraction as the waves
approach the shore, which modulated by water level.
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Figure32: Seasonal Variation of Winéetch Alignments

Monthly vector sums developed for three points along northern Freshwater Bay suggest
different annual sequences

1 Average wave conditions west ob@mont Yacht Club tend to be from the south
southeast, withwinter conditions (April to Augustgnding tohave a smaihcrease
in easterlycomponent (i.e. beach sediments will generally move westward during
winter and east during summerYhis interacts with seasonal sea level variability,
such that the foreshore beach near Christchurch Rowing 8héaely tobe narrow
overwinter.

1 Average wave conditions for the central section of Claremont foreshore are
approximately straight on to thehore being slightly west of soutlkluctuations in
direction occur during March to May, when westward transport is likely and July to
September, when eastward transport is likely. This is out of phase with seasonal
fluctuations in sea level and therefoforeshore behaviour may appear erratic.

1 Average wave conditions east of Alex Prior Park tend to be from the south
southwest, with winteflMay to Septemberiending to increase the westerly
component. This is expected to cause a seasonal oscillatitre opposite
direction to the beach west of Claremont Yacht Clobmbined with seasonal sea
level change, this is likely to cause large beach width variation between Alex Prior
tFN] FYR aNB | SNDBSNIQa tFN] @
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OBSERVEDFORESHORE DYNAMICS

Changeto Claremontforeshore has been assessesingvertical aerial photograpfrom
1953onwards sourced fronthe Department of Biodiversity, Conservation and Attractions
(DBCA). Key changes are demonstrdtgtigures showing four tiled photographs from
selected dateslang distinct shoreline reaches. Preselaty foreshore dynamics are
apparently dominated by relative exposure to wiwdves, ongoing redistribution of historic
reclamation, wave attenuation by Claremont Yacht Club, and local sediment capture by CYC
Hardsandand Chester Road revetmentith lesserrolesby Christchurch Rowing Shed and
Claremont Jetty abutmenielative exposure to easterly and westerly winds shifts
alongshoreresulingin a tendency fonet eastward transport west of CYC, metstward
sedment transportbetween CYC and Chester Roagdnet eastward transport along the
eastern foreshoreThis creates a tendency for gradual erosion from the centre of northern
Freshwater Bay.

Cliff Road to Claremont Yacht Club

This section of foreshoreasa relatively narrow low beach in front of a scarp, which is steep
and rocky towards Cliff Rd, becomilegs steefand increasingly sand covered to the east.
Adjacent landhas beerbccupied by Methoidt Ladies College, Christatth Grammar School
andClaremont Yacht Club sinaeound 1910and Bethesda Hospital since the 1950s.

The foreshore has historically had relatively low useludng boat sheds and jettie@=igure

33). Key changes including installation of CYC hardstand before 1965, sequential yacht club
jetty extensions in 1974, 1995, 2010 & 2015, CYC carpark extension in 2015 and
redevelopment of Christchurch Rowing Shed facilitie2(018.

Figure33: Cliff Rd to Claremont Yacht Club, historical change 1953 to 2018
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Construction of yacht club facilities caused the expected division of the estuarine beach
along northern Freshwater Bayhe hardstand provided a direct barrier to alongshore
sediment transport and the pens provided an area of wave shelter, which has expanded with
growth of the facilities. Sand trapping on the west side of the hardstand has occurred,
however, it haslevelped slowly(10-15m over 65 yearsith an almosstraight beach
structure.Sheltering from the yacht club pens determines that there is limited wave forcing
on the beach, with scour holes caused by boat propellers able to persist for a long time
(Figure34).

Figure34: Scour holes caused by vessels in yacht club pens

Westof Claremont Yacht Cluthere have beetthree distinct phasesof foreshore condition
(Figure35). Prior to 20@, the beach was continuous from Cliff Rd to CYC hardskEndh
2004, the beach became disconnected, withristchurclRowing Shed ramand an outlying
rockapparenty providing partial foreshore control. This change followed from an extreme
storm in May 2003, and a program to remove giant bamboo from the foreshore, however,
neither has been established asntributing tothe beach change.

Realevelopmentworks at Christchurch Rowing Shed were undertaken in 2Bi81e36),
includngremoval of the previous concrete ramp and constructidigabion wallingfronted
by rock toe mattresseg\fter these works there has been increased foreshore continuity,
potentially allowing increased sediment to move toward Clareméatht Club. Anecdotally,
the beach in front of the Rowing Shed has lowermctasionally exposing rock toe
mattressesThese changes may reflect the following processes:
1 Slightly increased incidence of westerly winds during recent yEgyag 30 and
Figure3l).
1 Removal of the concrete ramp may have removed a partial foreshore control,
allowing greéer movement of the beach (west of the Boat Shed) towards the east.
T LT GKS 0SIFOK 61 & NBOdZAf G WTFANIKSNI 2dz0Q GKIy
that the extra material will be dispersed in both directions.
f Layout of the gabions does not pardlle 4t KS FT2NBaK2NB>X gAGK | WLR
end of the walling, which is subject to more frequent exposure to wave action.
1 Gabion walls cause greater wave reflection than a sandy foreshore, which will result
in local flattening of the beach profilehen the gabions are reached by waves under
high water level events. This potentially causes local lowering of the beach.
1 The toe mattresses have been placed with limited embedment.
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Figure36: Reconstruction Works at Christchurch Rowing Shed
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Claremont Yacht Club to Claremont Jetty

Interruption of sediment transport and increased wave attenuation associated with the CYC
hardstandand jetty marine structure, has encouraged the accretion of sediments at the
beach on the eastern side of the CYC. This is evident in photographs of 1953, 1965, 1995
and 2018 [cigure37).

The sand buildip adjacent to the CYC reclamation hard stand occurred a relatively high rate
AYAGALTEe F2tf26Ay 3 (KSorewgdaduall@dver dnfeNdclading y R K &
further riverward and eastward progression over the past decade 202020. Théeach

between CYC and Claremont Jetty has also progressed riverward over the 60 year timeframe
since the reclamation of the CYC hardstanela It has increased in width from 7.5m at the

Claremont Jetty end of the beach to 17m at the CYC end of the béagtin, he sand

contributing to this gradual beach wideniigjikely to have redistributed from the eroding

historically reclaimed sheline immediately to the east of the Chester Road seawall.

Figure37: Claremont Yacht Cluto Claremont Jetty historical change 1953 to 2018

It is understood that removal of the sand builg, and redistribution of this sahalong the
beach between CYC and the Claremont Jetty abutment, was a regular exercise undertaken
by the DBCA (previously the Swan River Tr8&T). This is knownsend backpassingand

was undertaken to improve beach amenity. However, this actidt/not been undertaken
after 2015.

Anecdotal advice from CYC staff is that sedimentation of the nearshore navigation areas of
GKS &1 OKii Ofdzox Kl & 200dzZNNBR Ay |y AYyONBlI aAy3
jetty network since the 1960s.

SE109 Claremont Sand Management Plan Rev 0.docx 39

@)



SeashoreEngineering

Claremont Jetty to Chester Road

Chester Road revetment was initially constructed in 1980, to protect the riverfront carpark
which wasunder increasing erosion pressure with realignment of the reclaimed foregbore
the east Prior to its construction, thbeach west of Chester Road had a curved shape as the
net westward sediment redistributioander prevailing conditions occurrechimpeded.

Further reclamation of the beach area occurred with housing developments along this reach
being built closer to theiriverward property boundaries, this has had a significant
straightening effect upon the beach. This is evident from looking at the 1979 and 2018
aerial photographs ofigure38, in which the vegetated shoreline in the centre between
Claremont Jetty and Chester Road has progressed 9m riverward over 40 years. The Chester
Road revetment contributed to increased sediment retention to the east, but also formed an
erosion haspot forming directly west of the rockwall, witpproximately 5m of localised
erosionand retreatsince 1980.

The revetment was upgraded in late 2017 to increase hydraulic smoothness, including
truncation of the eastern end and adding a more graduirtito the east.

There is a large water drain outlet located directly to the east of the Claremont Jetty
abutment. During times of high rainfall, this drain mobilises sediments locally from the
beach into a nearshore delta structure next to ClaremontyJ&thich can be seen in the
1953, 1979 and 2018 photographsFafjure38.

Figure38: Claremont Jettyto Chester Roaghistorical change 1953 to 2018

Redistribution of Reclamation East of Chester Road

The shoreline protrusion inheriteddm historic reclamation east of Chester Road, has

played a key role in the sediment dynamics along the wider Claremont foreshore since 1953.
This reclaimed area has been progressively erodtigyu(e39), with this section of

Freshwater Bay realigning to a straighter shoreline over time, as can be observed in the
photographs ofigure39. This has involved sediment redistribution both to the west and
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east, contributing to ongoing accumulations evident at the CYC and eastern foreshore,
respectively. It is recognised that the potential for sediment transport to the east was likely
increasel following removal of the Claremont Baths in 1971, which permitted more locally
generated westerly wave energy to reach the shoreline.

Figure39: Retreat of historic reclamation area, east of Chester Road seawall

The rate ofshoreline realignment was relatively high in early imagery from 1953 to 1979 and
has apparently declined as the shoreline has straightened with influence control being
provided by the Chester Road revetment.

Eastern Foreshore

This section o$horeline has been accreting since the 1950s. Further eastwards, the City of

Nedlands extended Watkins Road and installed bioengineering foreshore treatment with a

rock toe on the foreshore in 2015. This resulted in a teardineered control structure
fuyOGA2YyAy3 |G GKS SI adSNYy SHibeSyudtureappeatsaasy 2 F / f
be trapping sand and preventing it from travelling further south towards Point Resolution.

Along the entirety, the eastern foreshore is accreting, with sediment supplied from the

realignment of the large reclamation area east of Chester Road, FFejare40.
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Figure40: Easternforeshore historical change 1953 to 2018

ANALYSIS OF SURVEY

Historical survey data for the Claremont Foreshore site, dated 1912, 1971 and 2012 was
reviewed for this investigation. This review indicated tthegt nearshore bathymetry of
Freshwater Bay has changed very little in the past 100 years, with significant changes to the
beach alignment being due to reclamation activities, which not been adequately
documented to conclude volumes of material importedie foreshore.
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MORPHODYNAMIC INTERPRETATION

C2NBaAaK2NBE O0SKIFI@A2dz2NJ G GKS ¢2gy 2F [/t NBY2yGQa
by reclamation andnstallation of marine structures over time. The major reclamation that

occurred in the late 1920zeated a bulging feature east of Chester Road, that has been

eroding and redistributing its sediments since the removal of the Claremont Baths in 1971.

Reclamation accompanying housing development has also attributed to a general

straightening of the streline from its previously curved shape. The staged reclamation of

the CYC hardstand area in the early 1960s and early 1980s, and the ongoing expansion of the

8l OKG OfdzoQa 2Sidide sAGK @SaasSt ¢S4 ali2Nr3IS LISy
hasalso influenced the sediment transport regime. The eastern side Freshwater Bay is

experiencing accretion, and the bioengineered hamjineered structure installed by the

City of Nedlands in 2015 is encouraging sediment accretion at the-sastierly muicipal

boundary between the two councils.

Overall behaviour of the site is indicative gradual foreshore changdue to locally

generated wind waves, with redistribution of sediments influenced by the dominant wave
direction at the time. Exposure tgind waves is influenced by the attenuation effects of the
CYC jetty and vessel storage pen marine structures, and also topography. Sediments from
the beaches on the western side of Chester Road tend to be pushed in a westerly direction
and accumulate athe CYC hardstand reclamation area, while sediments from the beaches
to each side of Chester Road tend to be pushed in an easterly direction and accumulate in
the area between Mrs Herberts Park and Watkins Road bioengineering. In summary:

f Foreshore positn in 1912wasmostly landwards2 ¥ 1§ 2 Rl & (QRigurédg)2 NBt Ay S
Claremont Baths and Claremont Jetty marine structures had been installed

1 A major reclamation activity took place to the east of Chester Road in the late 1920s,
presumedly to provide vehicle parking and an increased recreational foreshore
reserve adjacento Claremont Baths. This reclamation activity was not specifically
documented in PWD recordsoit is assumed that material for the reclamation was
sourced from nearby surplus road construction fill and construction waste material

f Thereclamationof@YQ& KIF NRadGlFyR | NBI A y-engiKedredSI NI & ™
structure which reduced the sediment transfer to and from the western side of
Freshwater Bay. This protruded into the river approximately 20 m from the original
shoreline and encouraged sedimteaccretion at its eastern side.

1 Ongoing expansion to the CYC jetty facilities, along with increasing wet vessel storage
pens had a wave attenuation effect, also encouraging sand accretion at the eastern
side of the CYC reclamation area.

1 Removal of Clarerant Baths in 1971 also removed its wave attenuation impact on the
adjacent foreshore east of Chester Road. Erosion of the bulging section of the
reclamation area east of Chester Road increased and the sediments released by this
erosion began travelling inoth east and west directions.

1 Between the 1950s and 1990s, undocumented reclamation has taken place between
CYC and Chester Road, on both sides of Claremont Jetty. This has taken place with
residential development gradually progressing further riverwamvards the
property boundaries, and additional foreshore reserve being reclaimed oveyaaO
timeframe.
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Figure41: Extract from PWD Bathymetric Survey 1912

Sediment accretion has also been occurring at the eastern sideesh\water Bay,

with a bioengineering haréngineered structure installed at the riverward end of
Watkins Road in 2015.

Up until 2015 sand backpassing was undertaken at CYC by the DBCA, redistributing
sediments towards Claremont Jetty.

In 2017 Chester Roaskawall was refurbished with new armour stones. Its eastern
end was truncated and tied into the adjacent foreshore to improve hydraulic
smoothness and encourage sediment bypassing between the beaches to the east and
west sides of Chester Road.

Ongoing eraion of the reclamation area east of Chester Road has exposed rubble,
indicating that the historic reclamation at this site utilised construction waste
material.

The small locally generated wind waves within Freshwater Bay tend to push
sediments to the upper section of the beach and over its crest onto the elevated,
landward top of beach platform above the high tide level. The sediments are then
trapped by grassral other establishing vegetation, resulting irst@epening othe
foreshore oveildecadesThe steep gradef the sedges provides constraint to access,
with the accessible area nawved during high tides, which is amplified by beach
erosion.Thiscanreduce the visuabmenity of the beactand constrainrecreational

useto lower tidal levels.
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CONCEPTUAL MODEL
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moving bidirectional sediment transport due to locally generateshevwaves. There asx

distinct foreshore reache$-{gure42), each of which is subject to a different orientation,

profiles and structural control, affecting rate$ sediment transport.

New Concept Model

Hard Control
Weak Control

Reach

Sediment Accretion

Sediment Erosion and Transport

Alongshore Sediment Transport

Figure42: Conceptual model and foreshore reaches at Town of Claremont beaches

For a balanced system, rates of sediment supply into and out of each reach are equal, with
the structural controlimiting the influences of local differences in transport; typically this is
accommodated by shoreline rotation or profile adjustment such as scarping or flattening.

Most of the eaches along the Town of Claremont foreshore have not displayed stability
since significant reclamation works were undertaken in the late 1920s, with erosion of the
reclamation area east of Chester Road, ongoing reclamation and riverward foreshore
progression between 1950 and 1990, and historic alterations to features that act as
structural controls. Several human activities have provided a significant influence on these
dynamics. In summary:

1 Prior to reclamation and marine structure installation, the shoreline of Freshwater
Bay was representative of a relatively continuous arith vairly uniform sediment
transport between the eastern and western beaches.

1 Gonstruction of Claremont Jetty and Claremont Baths introduced minor wave
attenuation to the original shoreline position, through weak control.

1 The original large reclamation €2of Chester Road, carried out in the late 1920s has
modified the original shoreline position of the Town of Claremont foreshore, pushing
it 30m riverward and introducing a major source of erodible sediment supply.
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9 Construction of the weak controls of @mont Jetty and Claremont Baths caused the
foreshore to evolve into a series of arcs (reffggured2), specifically between CYC and
Claremont Jetty (Rea@), ClaremonJetty and Chester Road (Redgland Alex Prior
Park and Watkins Road (Re&}h Reaclb is aprotruding foreshore in the lee of
Claremont Baths.

1 Ongoing reclamation between Chester Road and CYC from 1950 to 1990, along with
the hardstand area reclamaitn at CYC in the early 1960s, has pushed the shorelines
of Reache8 and4 further south from its original position, by an average of 10m. This
progressive reclamation was assisted by the removal of Claremont Baths in 1971,
exposing the bulge at Reach@erosion and redistribution of sediments. The bulge
at Reactb has had sedges planted on it to assist with its stabilisation, the sedges are
currently undermined and in poor condition, with the erosion scarp reaching the grass
landward of the sedges. @&fe is also exposed construction rubble at this location.

1 Construction of the Chester Road seawall in the early 1980s created a hard point on
the shoreline, slowing the westerly transfer of sediments from the Réaolwards
Claremont Jetty. The refurbigtent and shortening of the Chester Road seawall in
2017 encouraged the transfer of sediments from Reat¢bwards Claremont Jetty,
nourishing the beaches at React&snd4.

9 The hardstand reclamation area at Claremont Yacht Club is trapping sand, that is
travelling alongshore from Reach&st and5 in a westerly direction. It is estimated
that up to 50ni/year of sediment is being trapped at this location.

1 Due to the lack of foreshore level survey data between 1950 and 1990, there is
uncertainty regardinghe volume of sand that is being pushed over the top of the
upper beach by storm waves and trapped above the high tide level in the foreshore
crest by grass and vegetation.

T 2A0K y2 alyR oFOlLIaaAay3a o0SAy3 dzyRSNII 1Sy
at the western end of Reach 1 since 2015, an estimated 860sediment is available
for extraction along the 70m stretch from CYC seawall heading east towards
Claremont Jetty. This would also decrease the risk of sedimentation of the CYC
nearshore bertl.

1 This 650 of extracted sediment could be redistributed along the remaining 280m
of foreshore between CYC and Chester Road, which would push the beach profile
approximately 5m further south into the river, with a 1:7 slope.

9 Extraction of the rubble from within Readh reclamation area may require the
excavation of a large trench of the following dimensions:

0 Crossshore excavation width of 7.5 m,

Excavation depth to elevatio®9.5 m AHD

Length of 160 m

Volume of material tde removed is estimated to be 1,200m

1,200m3 of certified clean sand would need to be imported to site from a

quarry to replace the extracted rubble material, which would greatly improve

visual and recreational beach amenity.

O O O ©O

Clean sand may erode at atsrate than the currently present rubble material, this will
need to be monitored by Town of Claremont.
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Appendix B: Sand Accumulation Next to Claremont Yacht Club

Sandhas accumulated on the east side of Claremont Yachtl@dstand area. This area is
well grassed, with sfpover use from the yacht club, although the area is Town of Claremont
foreshore reserve.

The volume of sediment that is contained adjacent to @¥¢C hardstand reclamatibas

been assessefbr possible reuse Up to 650rhiof sand could be extracted from this
location if the top of beach is realigned approximately 10m north and the beach reprofiled
to a 1:7 slope. This would reduce the size i tirassed areaffecting amenity There may
be some reduction in volume due to the quantity of established grass at the top of the
accreted sand, which will need to be disposed of at an approved green waste disposal
facility.

The proposed extraction footprint will approximately reinstate the foreshore at this location
to its 1974 shoreline position, as can be observed in the aerial im&gguye43. Note that

this is still further riverward than the 1965 shoreline position, indicating that the historical
riverbed will not be excavated. Neither indigenous nor European heritage artifacts will be
disturbed during the sand extraction process.

R \\\\\\‘ >
@@

Figure43: Historic shoreline position comparison 19652018
Proposed sand extraction zoneext to CYC

Due to the slowate ofsediment transporelongthe Town of Claremont foreshore, high

level monitoring of sand accretion atdtedge of the reclamation area could be undertaken

using photographic records. Additionally, sedimentation within the CYC could easily be

undertaken as part of the postourishment campaign monitoring efforts using probes. This

would provide ongoing deptdata to assist with determination of the rate of sediment
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