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4.3.1

4.3.2

very low. Development of Tern Island is likely to further reduce this transport, as it
considerably reduces the available wave fetch. Conversely, if due to changes in the
prevailing hydrodynamics in this region, erosion processes were to dominate in this
area then Tern Island would provide a large quantity of available sediment, a portion
of which is likely to be transported to Penguin Island spit.

Previous studies on Penguin Island Shoreline movements

A small number of studies have been undertaken with regard to shoreline movement
on Penguin Island, including:

. Maunsell (2003): Visual inspection of historical aerial photography between
March 1964 and May 1983 indicated a loss of seagrass to the eastern side of
the southern headland of Penguin Island (and a coincidental loss of sand
overlying the limestone platform which extends from the southern headland
across the length of the southern beach)—it was implied that this loss of
seagrass, resulting in greater wave energy reaching the South Beach shoreline
was responsible for the continuing erosion of the site;

. Stone (2000): From comparison of aerial photography taken in 1973 and 2000,
it was estimated that approximately 1,000 m? of sand has been lost from South
Beach over that 27 year period. Using various assumptions on the height of the
eroding dune and the width of the active shore, this corresponds to a volume
loss of 5,000—-10,000 m”, equivalent to a rate of 200—400 m3/year;

. Andrew (2000): Suggests that basic element of management should be
renourishment, with the tombolo as a likely sediment source due to proximity
and ability to dredge the required material; and

. Andrew (1972): Following a site visit, noted that the groyne installed in 1968
appeared to have stabilised approximately one third of the beach, but it was
suggested that the erosion at the western end of the spit was expected to
continue unless that wave approach angle was artificially varied.

Previous Management Techniques

Different management techniques have been applied previously to South Beach,
including;:

. Armour Groyne: A rock armour groyne was constructed towards the eastern
end of South Beach during 1968. The effect of the groyne can been seen on
1968 acrial photography as capturing an additional 5-10 m of beach width, in
comparison to its downdrift, eastern side. It appears that the groyne degraded
rapidly, settling into the sandy bed. The behaviour of this groyne structure is
typical of many such facilities installed during the 1960’s along the Western
Australian coast. Absence of design criteria and insufficient allowance for
wave climate variations provided several under-strength rubble structures. It is
likely that the armour groyne was insufficiently bedded, which enabled
downdrift erosion to undermine the groyne from the eastern side;

. Nourishment: It is understood that occasional renourishment efforts have been
undertaken using a bobcat to move sediment from the eastern end of the spit to
the western end of the beach. Whilst the principle of sediment renourishment
is sound, it is preferred that sediment be removed from a more distant, and
preferably less connected source;

. Dune Management: Presently a large erosion scarp exists towards the western
end of the beach, the lower part of which has been stabilised using brushing
techniques. This scarp face is approximately 12 m high and 30 m wide.
Consequently, it is sufficiently large to provide a significant quantity of
sediment as it erodes, with material transported eastwards feeding South
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Beach. Despite positive intentions, the effect of dune management for this area
may have reduced the feed of sand to the beach and acted to enhance the rate of
erosion occurring along South Beach;

. Sand Bagging & Brushing: Brushing and sand bagging works have recently
(October 2004) been implemented on South Beach. The sand bagging will
provide some protection from marine processes during storm events whereas
the brushing activity provides stability against wind blown sand movement
from the beach. It is unlikely that this brushing would provide any significant
protection during large storm events (Appendix A).
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Shoreline Movement Analyses

5.1

5.2

Aerial Photography

A search of the aerial photography archives at the Department for Land Information
(DLY) indicated that the Department holds records of Penguin Island taken at yearly
intervals since 1975, and irregularly back to 1953 (Table 5.1). Aerial photography
taken at approximately decadal time intervals (1953, 1965, 1979, 1987, 1992, 2002
and 2004; Appendix C) were selected for use in this study to examine shoreline
movements on Penguin Island. Additional photographs from 1968 and 1970 are also
analysed to enable examination of the influence of the groyne which was installed in
1968.

Mapping Methods

The Department for Planning & Infrastructure (DPI) has previously mapped the
mainland shoreline position for the area between Becher Point and Point Peron
approximately every 10 years since the 1940’s (Table 5.2). However, this data only
contained one occasion of mapping of Penguin Island. For the present study,
Oceanica Consulting Pty Ltd (Oceanica) has mapped the shoreline position for both
Penguin Island, and the Shoalwater and Safety Bay area, for the following dates:

. March 1965;

. May 1968;
. October 1970;
. May 1979;
. May 1987;

. December 1992;
. April 2002; and
. March 2004.

The majority of photos are taken during autumn and provide an indication of the
post-summer beach form. The photos from 1970 and 1992, taken during spring and
carly summer, provide an indication of post-winter beach form. Note that 1953
stereo imagery was not available for the 1953 dataset, hence it was not possible to
compete shoreline mapping for 1953.

For each selected year of aerial photography, both the vegetation and waterline were
mapped for Penguin Island (Figure 5.1) and the mainland coast around Mersey Point
using standard manual photogrammetric techniques. The vegetation line is defined
as the seaward edge of vegetation, which will generally correspond to the toe of the
foredune or erosion scarp. The vegetation line is used as an indicator of shoreline
change in preference to the waterline since its location does not significantly
fluctuate over small times scales as a result of tidal and weather influences. This is
consistent with the recommendations of Schedule One of the State Planning Policy
2.6 which pertains to coastal set back distance. The photogrammetry was completed
using an aerotriangulated model set up using the 1999 photography at a scale of
1:7,200. The root mean square (RMS) aerotriangulation errors are shown in
Table 5.3. The rocky coast of Penguin Island was plotted from the 1999 DLI
diapositives.
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Table 5.1

DLI and Oceanica Aerial Photography archives for Penguin Island

Project Number Project year(s) Scale B/W or Colour Available
Oceanica (@ 2004 1:25,000 Colour Yes
030001 2003 - end 1:20,000 Colour Yes
020001 2003 - beginning 1:20,000 Colour Yes
Oceanica @ 2002 1:25,000 Colour Yes
010001 2002 1:20,000 Colour Yes
000001 2001 1:20,000 Colour Yes
990000 2000 1:20,000 Colour Yes
980000 © 1999 1:20,000 Colour Yes
970000 1998 1:20,000 Colour Yes
960000 1997 1:20,000 Colour Yes
950000 1996 1:20,000 Colour Yes
940900 1995 1:20,000 Colour Yes
930400 1994 1:20,000 Colour Yes
920676 1993 1:20,000 Colour Yes
920400 @ 1992 1:20,000 Colour Yes
910400 1991 1:20,000 Colour Yes
900400 1990 1:20,000 Colour Yes
890004 1989 1:20,000 Colour Yes
880004 1988 1:20,000 Black/White Yes
870004 © 1987 1:20,000 Colour Yes
860004 1986 1:20,000 Black/White Yes
850004 1985 1:20,000 Colour Yes
840004 1984 1:20,000 Black/White Yes
830004 1983 1:25,000 Colour Yes
820004 1982 1:25,000 Black/White Yes
810017 1981 1:25,000 Colour Yes
800019 1980 1:25,000 Black/White Yes
790006 © 1979 1:25,000 Black/White Yes
780091 1978 1:25,000 Black/White Yes
770064 1977 1:25,000 Black/White Yes
760014 1976 1:25,000 Black/White Yes
Q98 1975 1:25,000 Black/White Yes
M136 1972 1:25,000 Black/White Yes
Le @ 1970 1:12,000 Black/White Yes
@ 1968 1:15,840 Black/White Yes
F67 1967 (TBC) Black/White Yes
E50 @ 1965 1:15,840 Black/White Yes
1964 (TBC) Black/White Yes
D28 1963 (TBC) Black/White Yes
Metro '60 1959/60 (TBC) Black/White Yes
Metro '53 1953 1:15,840 Black/White Yes
z15a Special 1:15,000 Black/White No

Notes: 1. Imagery owned by Oceanica Consulting Pty Ltd.

2. Bolded years are photographs obtained and used for shoreline movement analysis.
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Table 5.2

Available DPI Shoreline Movement Plots

Region._. . ... ...

Years

Point Peron

January 1942
October 1965

January 1979

Shoalwater and Safety Bay

January 1942
October 1965
January 1979

January 1993

February 1987

December 1994

Penguin Island

January 1993

Warnbro Sound

January 1942
January 1979

Becher Point

January 1942
January 1955
October 1965
January 1979

Table 5.3 Control points and RMS errors for vegetation and waterline mapping
RMS Error Number of Control Points
Year Photo No.
Horizontal (m) Vertical (m) Horizontal Vertical
1965 5212-5211 0.15 0.18 6 7
5211-5210 0.14 0.12 3 5
1968 5146-5145 0.37 0.22 5 8
5145-5144 0.32 0.27 4 6
1970 5226-5225 0.05 0.30 3 5
5227-5228 0.38 0.26 4 7
5228-5229 0.25 0.41 4 5
1979 5057-5059 0.47 0.26 3 6
1987 5084-5083 0.08 0.17 3 6
1992 5251-5250 0.06 0.46 4 6
2002 116-117 0.3 0.21 3 6
122-123 0.46 0.44 3 6
2004 58-57 0.28 0.02 3 6
72-71 0.58 0.12 3 6
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5.3

5.3.1

Examination of Shoreline Movement Trends

Over the past 39 years, progressive erosion has occurred on the Penguin Island spit.
This contrasts strongly with the behaviour of Shoalwater Bay beaches, where
accretion has been almost continuous. A short description of the pattern of beach
erosion on South Beach, as shown by the vegetation lines, is summarised in
Table 5.4. To quantitatively illustrate the history of sediment movement on Penguin
Island the following data was extracted: (1) change in the area of the spit; and
(2) shoreline position at a series of cross-shore transects. The results of this analysis

are presented below.

The possible role of the tombolo in storage and transferral of sediment has not been
identified. However, it is considered likely that the tombolo acts as a sink during
periods of low energetics and a sediment source during heightened activity—whether
these energetics are wave or tidal.

Table 5.4 Summary of changes to South Beach, Penguin Island

Period Observed Change
1965-1968 Beach rotation
1968-1970 Almost uniform loss
1970-1979 Loss mainly from western part of beach
1979-1987 Broad scale accumulation, with advanced development on the east end of the spit
1987-1992 Loss mainly from the extended spit
1992-1999 Almost uniform loss
1999-2002 General loss, with very small gain on the end of the spit
2002-2004 Small general l0ss
Spit Area

The “spit area” for Penguin Island is defined between the two rocky outcrops which
bracket the spit to the north and south (Figure 5.2). Comparative analysis of the spit
area indicated the following:

. An overall area loss of 0.59 ha between 1965 and 2004—corresponds to an
average annual rate of area loss of 152 m*/year (Figure 5.3);

. An overall trend of decreasing area of the spit zone since 1965 (significant
trend, 1* = 0.78) (Figure 5.4);

. The greatest periods of net erosion are from 1970 to 1979 (0.33 ha) and 1987 to
1992 (0.27 ha) (Figure 5.5).

. The only periods of net accretion noted in this data set are from 1965 to 1968
(0.05 ha) and 1979 to 1987 (0.29 ha) (Figure 5.5);
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Concept Designs for Beach Stabilisation

6.1

Possible Management Elements

To consider the range of management options available to mitigate or prevent a
threat, it is appropriate to consider the features under threat and processes by which
threat occurs. For this case, features under threat include the physical infrastructure
of CALM buildings, aesthetics and beach amenity, including access for penguins.
Threat to these features is brought about by the ongoing loss of sediment from
Penguin Island, South Beach. The rate of loss is determined by beach resistance to
erosion, beach configuration, incident wave energy and alongshore wave
distribution. Consequently, intervention measures may include:

. Management of threatened features;
. Sediment management;
. Beach modification; and

. Wave climate modification.

On the basis of previous investigations for the site, plus similar coastal engineering
problems, the following shoreline management elements were considered in the
present study for the erosion management of the South Beach:

Do nothing;

Relocate the buildings;
Renourish;

Renourish with a revetment wall;
Revetment wall;

Timber groyne field;

Single armour groyne;
Alongshore groynes;

R I e

Offshore groyne,
Perched Beach;
Offshore breakwater; and

— —
— O

__
N

Headland breakwater.

A brief description of each of the options and possible risks is outlined below in
Table 6.1. For each structural alternative, basic specifications are included and are
used to prepare order of magnitude cost estimates. Basic costs were considered over
a 30 year period, on the basis of previous mainland projects. No contingency was
allowed with limited allowance for logistic constraints.

Table 6.1 Risk and estimated costs associated with each of the potential
management elements identified for South Beach
Element Description Risk
Do Nothing Allow erosion to take its course. it is likely that ongoing erosion will
continue, causing loss of existing
buildings, beach amenity and access
for penguins.
Relocate Relocate buildings to a new location on | Relocation of the buildings will damage
Buildings the Island. Further assessment of the | further areas of the Island. Penguin
buildings is required to determine the | access will remain poor. Threat to the
most cost-effective technique. jetty remains.
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Element

Description

Risk

Renourishment

Artificially nourish the beach using an
external source of sediment, 5,000 m3.
Repeat nourishment works on a 10-15
year basis.

Renourishment provides disturbance to
the adjacent seabed. Erosion scarping
may still form, giving poor penguin
access. Over the nourishment-erosion
cycle, there is a high risk of an extreme
erosion event reaching the buildings

Renourishment
with ‘back-up’
wall

Construct a low-level (1.5 m height)
wall along the back of the beach.
Artificially nourish the front of the beach
using an external source of sediment,
5,000 m3. Repeat nourishment works
on a 10-15 year basis.

Low risks as this option effectively
returns beach to natural width observed
in mid-1960’s. Intended that ‘back-up’
wall would never be exposed.

Revetment
Wall

Construct a low-level (2.5m total
height) wall along the length of the
beach (120 m). Concrete crib units or
Geobags may be used.

Results in total loss of beach.
Provision for penguin access may be
provided.

Timber Groyne
Field

Construct a series (3-4) of 15m long
low-profile timber groynes.
Maintenance required every 3-5 years
at 25% initial costs; replace after
15 years. Renourishment is also
required.

Provide low capture capacity and
prevent sediment resupply under
easterly conditions.

Single Armour
Groyne

Construct a single 40 m long shore-
normal groyne towards the eastern end
of the sand spit. Given the cost and
logistic constraints of rock construction,
a Geotube structure is likely to be cost-
effective; however, limestone may be
preferable for aesthetic reasons.
Renourishment is also required.

Likely to be undermined by downdrift
erosion; prevents any sediment
resupply from the east

Alongshore
Groynes

Construct a series of 2 to 3
approximately 20 m long shore-parallel
groynes close to the existing shoreline.
Given the cost and logistic constraints
of  rock  construction, Geotube
structures may be cost-effective;
however, limestone may be preferable
for aesthetic reasons. Renourishment
is also required.

Risks expected to be low. However,
this option will modify the local
sediment transport processes which
may affect shoreline stability at the
eastern tip of the spit and on the beach
on the northern side of the spit.

Offshore
Groyne

Construct a single 30 m long shore-
parallel groyne approximately 25 m
from the existing shoreline, near the
end of the spit. Given the cost and
logistic constraints of rock construction,
Geotube structures are likely to be
cost-effective.

May provide limited protection during
truly extreme events

Perched
Beach

Construct a low-level submerged ‘wall’
approximately 40 m from the existing
shoreline along the length of the beach.
A larger volume of renourishment is
required; say 10,000 m3 to provide a
perched beach. Given the cost and
logistic constraints of rock construction,
Geotube structures may be cost-
effective.

May provide limited protection during
truly extreme events. Has large
construction cost risks. Presents a
significant difficulty in improving beach
configuration, but maintains the
continuity with sand transport along the
spit and tombolo.

Offshore
Breakwater

Construct an emergent barrier, possibly
partial, approximately 40 m offshore
and parallel to the existing beach. This
reduces the incident wave. Given the
cost and logistic constraints of rock
construction, Geotube structures may
be cost-effective.

Likely to provide reorientation of the
shoreline, causing significant loss of
material towards the end of the spit. A
groyne near the end of the spit may
somewhat mitigate the problem.

Headland
Breakwater

Construct a groyne abutting one of the
existing rocky headlands to the south,
to reduce the incident wave. Given the
cost and logistic constraints of rock
construction, Geotube structures may
be cost-effective.

Likely to provide limited protection only
as waves will refract around the
breakwater. Erosion caused by
different wave directions towards the tip
of the spit is likely to continue.
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6.2 Preferred Options

Possible management options (excepting a perched beach) were discussed at a
meeting with CALM, considering the issues of effectiveness, practical construction,
relative cost, risk and possible implications for the Island management, including its
fauna and flora. To allow comparison between alternatives, each option was rated in
terms of relative construction cost and non-financial performance (described as risk).
Ratings for each management alternative are included in Table 6.2 below. The
option of using a perched beach was added subsequent to the Community
Consultation Review (Section 7).

Table 6.2 Relative cost and risk matrix

Relative Cost Relative Risk
Low High Low High
Do Nothing XiX X
Relocate Buildings
Renourishment X
Renourish, with Wall
Revetment Wall X
Timber Groyne Field
Single Armour Groyne
Alongshore Groynes
Offshore Groyne
Perched Beach X XX X
Offshore Breakwater XXX X
Headland Breakwater X[ XX X

Management Option

x
x

XXX XX X[ >X[>
x

XXX X
x
x

On the basis of the relative cost and risk matrix, and discussions between the project
team (CALM, Resolve FM and Oceanica) it was determined that the following three
options would be presented in more detail at the community consultation meeting:

(i) Relocating the buildings;
(i) Renourishment, with a backing wall; and
(iii) Construction of alongshore groynes.
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Community Consultation Review

7.1

7.2

As part of the present study, a workshop was held with key stakeholders at the Cape
Peron Camp School on Wednesday 15/12/2004 to discuss the proposed shoreline
management options. Representatives from CALM, Department of Environment,
Conservation Council, University of Western Australia, Department for Planning and
Infrastructure, City of Rockingham, Naragebup (Rockingham  Regional
Environmental Centre), Penguin Island Volunteers, Department of Fisheries and the
Penguin and Seal Island Cruises were invited to attend the meeting (Appendix D).

Presentation

Mr Alan Robson (Resolve FM) was the chair for the meeting and introduced the
CALM project team and Oceanica representatives. Mr Paul Brown (CALM) then
provided a brief introduction to the project and why it is being completed.

Dr Bruce Hegge (Coastal Geomorphologist, Oceanica) and Mr Matt Eliot (Coastal
Engineer, Oceanica) delivered a technical presentation.  Dr Hegge provided a
regional context to the study, and a history of erosion and accretion patterns on the
spit of Penguin Island. Following this, Mr Eliot presented a series of possible
management elements (Section 6.1) and more detailed description of the three
preferred management options (Section 0).

Stakeholder Feedback

The general preference for management of South Beach was either renourishment, or
a combination of renourishment with a buried revetment wall. Participants generally
did not support the use of offshore structures nor the option to move the existing
buildings. A summary of points raised are detailed in Table 7.1 (full stakeholder
feedback comments are provided in Appendix D).

Table 7.1 Stakeholder feedback on the management options for South Beach

Attendee Response

Peter Boreham « Renourishment is the preferred option—it is the lowest impact and most
cost effective;

« There is the possibility to extract sands from the southern side of the
tombolo to be used as a renourishment source;

« If CALM's outcome is to protect the buildings then a revetment wall can
be considered—but this option is likely to increase the rate of erosion if
the wall is ever exposed to wave activity; and

 Erosion volumes are comparatively small, and renourishment could be
expected to maintain the beach for 10-15 years.

Belinda Cannell « Relocation of buildings is not a viable option—will disturb the prime
breeding area of the Little Penguins;

« Erosion also has an impact on the penguins as a vertical obstacle of
15 cm creates an insurmountable barrier for the penguins; and

e Support of renourishment with a buried revetment wall.

Bill Morgan o Suggested use of a perforated offshore breakwater (Matt Eliot

response to this option was that it would resuit in an accretionary area

in the lee of the structure which could result in sediment erosion from

other parts of the spit).

Nic Dunlop « Preferred option is renourishment without a revetment wall;

e Suggested the use of either the landward edge of Tern Isiand, the
northern edge of tombolo or the Mangles Bay boat ramp area as a
sediment source for renourishment works;

« Need for rapid revegetation of nourished sands to inhibit wind blown
sediment loss;

» Noted the need to consider the timing of management activities—from
both an oceanographic and penguin/seabird ecology perspective
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7.3

Attendee Response
Murray Banks » Relocation of buildings is not an option—due to logistics and lack of
power (cooling) in the buildings;

» Worst damage occurs when a storm combines with a high tide and full
moon, often associated with the swell waves which follow after the
main impact of the storm.

Paul Neilson ¢ The penguins should be the priority and hence the option with the least
environmental impacts should be chosen.
Larry Adams » Preference is the renourishment option;

* Risk of building a structure that will be ineffective as a result of no
clearly defined pattern between coastal processes and degree of
erosion.

Bob Goodall * 30-40 years is a 'short-term’ study and not enough information to justify

the construction of any hard structure

Elizabeth Rippey

» Should carry out a cash value assessment of the Penguin Island
facilities to help in the justification for expenditure on protective works

Chris Coffey

e Most suitable option appears to be ongoing nourishment, with
revetment wall if required for building protection;

¢ CALM needs to ensure the ongoing funds are available to maintain
renourishment works;

» Need to identify any impact on local seagrass beds during any
dredging/slurry pipe activity.

Selected Management Options

Following both the stakeholder meeting, and a follow-up meeting between Paul
Brown, Martine Holland and John Edwards (CALM) on 21/12/2004, it was decided
by the client to provide preliminary designs and costings for the following fwo

options:
. Renourishment and revetment wall; and
. Renourishment and along-shore groynes.

Completing the engineering design for both options gives CALM the opportunity to
present two different management options for funding and building approval and
enables a consideration of the environmental impacts of the two alternatives.
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Preliminary Engineering Design

8.1

8.1.1

8.1.2

8.2

8.2.1

This section assesses the following two alternative options to a preliminary design
level:

1) Revetment wall and renourishment; and
2)  Alongshore groynes with backing revetment walls and renourishment.

Final design should be undertaken in conjunction with the tendering process.
Requirements prior to undertaking works should include a complete site survey and
re-evaluation of nourishment volumes.

Revetment Wall and Renourishment

Revetment Requirements

It is intended that the revetment is not exposed to wave action, with the
renourishment providing sufficient buffer to cover the revetment throughout the
entire nourishment-erosion cycle. Consequently, structural loads on the wall are
comparatively minor. Preliminary design is on the basis of a 1.5 m high concrete
crib wall, which enables transport of wall units using comparatively small vessels
and machinery, such as a bobcat. The wall should be placed along the line of the
existing erosion scarp, with a stepped face and have a length of approximately
120 m.

Renourishment Requirements

Previous estimates have suggested that as little as 5,000 m® of material would replace
the sediment that has eroded from South Beach (Stone 2000). However, if only this
volume of material were initially placed, then the nourishment-erosion cycle would
return the beach to its present state every 10-15 years, which is unacceptable. To
provide a 30 m wide beach buffer (which would return the beach to the approximate
width observed in 1965), extending around the end of the spit, an estimated volume
of 13,500 m’ of equivalent material is required, factored up with an overfill ratio® as
appropriate. A consideration of the potential sediment sources and the actual
required volumes of sediment required for effective renourishment are presented in
Section 9 and Appendix E. After deposition at the top of the beach, this material
must be reshaped by excavator to a suitable beach profile, no steeper than 1 in 6
grade. The revetment wall should be covered by at least 0.5 m of sediment.

Alongshore Groynes, Revetment and Renourishment

Groyne Requirements

To provide fixed protection of infrastructure along South Beach, it is necessary to
have three alongshore groynes, constructed as indicated by Figure 8.1. As these
structures will be exposed under all conditions, it is necessary that they be
constructed using relatively ‘natural’ materials, hence limestone is suggested.
Choice of armour size depends on the gradient at which the armour is placed.
However, a practical limit for transporting rock via barge is estimated to be 2.5 tonne
units. Preliminary evaluation suggests that this would require placement at a grade

3 The overfill ratio is the estimated number of cubic metres of fill material required to produce an
equivalent one cubic metre of natural beach material (see Appendix E).
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9.3

1.  Loader at Point Peron, trucked to adjacent mainland shore then (a) barged or
(b) slurry-pumped to South Beach;

2. Cutter-suction dredge from Penguin Island tombolo; or
3. Slurry-pump from Penguin Island tombolo.

It is anticipated that the logistics of using a suitable slurry-pump system (if available)
would be easier than to use a barge. Possible issues which would have a more
significant affect on the barge (when compared to the slurry-pump) are likely to
include: weather constraints, tide state/water depths constraints and the limited
ability to directly spread the sediment across the beach during barge unloading.

The method for transporting the material to Penguin Island will be confirmed after
approval from MPRA, and also needs to include an assessment of costs and
availability of the slurry pump equipment for the proposed works.

Environmental & Social Considerations

The following key environmental and social considerations were identified for the
two potential sediment sources (Table 9.2).
Table 9.2 Environmental and social considerations for the use of (a) Point Peron,

or (b) the tombolo, as a sediment source for South Beach renourishment
works

Sediment Source Potential Impacts

Point Peron e Transport of this material will require significant trucking activity through
the Rockingham region. It is anticipated that it may require
approximately 750 return trips for the revetment wall option and
400 truck movements for the alongshore groynes. However, as the
distance is relatively small (ca 3 km one way), it is estimated that the
trucking activity could be completed in a relatively short period of time.

s It will be necessary to control pedestrian access to the beaches at Point
Peron, Mersey Point and South Beach in the immediate vicinity of plant
during the renourishment operation.

Tombolo e A detailed bathymetric profile of the tombolo feature would be necessary
prior to dredging activities—to determine morphology and total volume of
material within the tombolo.

¢ Rough estimates suggest the tombolo consists of 35,000 m® of material.
To provide a 30 m buffer on South Beach, 14,000 m® of sediment is
required and this would represent approximately 40% of the total
tombolo feature. It is likely that this will have a significant impact on the
stability of the tomobolo, the local hydrodynamics, sediment transport
process and safety of waders crossing the tombolo.

e The tombolo between Mersey Point and Penguin Island is used as an
access route to the island by some visitors, and has been a concern for
lsland managers for some time. However, use of the tombolo for
pedestrian access to the island raises safety issues. Itis recommended
that, if the tombolo is used as a source of material, then a detailed
hydrographic surveys of the tombolo are completed prior to and following
the dredging works to ensure that the dredging proceeds as planned.
During the dredging activities, the use of the tombolo by pedestrians
shall be actively discouraged (additional sign-postings and media
releases). It is anticipated that the dredging works could be completed
in approximately 6-10 weeks for the revetment wall option and
approximately 3-5 weeks for the alongshore groyne option.

e It will be necessary to control pedestrian access to South Beach in the
immediate vicinity of plant during the renourishment operation
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10.

Key Characteristics

The key eclements of the proposed shoreline management for South Beach, Penguin
Island are summarised below for the two preferred options:

(1) Revetment wall and renourishment (Table 10.1); and
(2) Alongshore groynes, backing revetment walls and renourishment (Table 10.2).

It is estimated that it would take a total of approximately seven to eleven weeks to
complete management works required for South Beach. It is recommended that the
construction works are timed between early-June and mid-September when the
island is closed to visitors to minimise impacts on users—though we note that this is
the breeding season for penguins.

Table 10.1  Key elements of proposals for shoreline management of South Beach,
Penguin Island using revetment wall and renourishment
Element Description
Location South Beach, Penguin Island
Proponent Department of Conservation and Land Management
Timing Nominally July-August 2006

Estimated duration

7 to 11 weeks (!

Estimated volume required to fill
beach and cover revetment wall

13,500 m®

Renourishment Source

Either 15,000 m® from Point Peron or 14,000 m® from the
tombolo.

Approximate dimensions of crib
wall

1.5 m high and approximately 120 m long

Note: 1. Timing will depend on the sediment source site and transport method and prevailing weather conditions.
Table 10.2 Key elements of proposals for shoreline management of South Beach,
Penguin Island using alongshore groynes, revetment wall and
renourishment
Element Description
Location South Beach, Penguin Island
Proponent Department of Conservation and Land Management
Timing Nominally July-August 2006
Estimated duration 6 to 9 weeks ")
Estimated volume required to fill [ 7,000 m®

beach and cover revetment wall

Renourishment Source

Either 8,000 m° from Point Peron or 7,500 m® from the tombolo.

Approximate  dimensions  of
alongshore groynes

30m, 20m and 12 m from west to east with crest height of
+1.5 m CD and toe height of -0.5 m CD with grade of 1in 3

Approximate dimensions of crib
wall

Three segments 1.5 m high and approximately 30 m long

Note:

1. Timing will depend on the sediment source site and transport method_and prevailing weather conditions.

Oceanica: Resolve FM: Penguin Island Beach Rehabilitation 49




11.

Key Environmental and Socio-Economic Impacts

11.1

11.2

The key environmental and socio-economic issues which may arise from the
implementation of shoreline management activities on South Beach, Penguin Island
are discussed below. Many of these issues are common fo both preferred
management options; however, where distinctions occur these are described below
under the relevant sections.

Turbidity

The renourishment works on South Beach will result in two localised areas of
turbidity: at the sediment source site; and at the disposal site on South Beach. It is
unlikely that the turbidity at the sediment source sites will be significant as land
based excavation works are likely at Point Peron which would not generate any
turbidity, conversely, if dredging of the tombolo is the preferred option then it is
unlikely that any significant turbid plume will be observed at the dredging site due to
the nature of the cutter-suction dredging operation. However, some turbidity is
expected at the discharge site on South Beach.

The construction of the alongshore groynes will result in a small amount of turbidity
due to the washing of the limestone rocks in sifu as they are placed into position.
Clean limestone with no clay content will be used in this construction to minimise
the extent and intensity of any turbid plume.

The impact of any potential turbidity associated with the rehabilitation works will be
minimised by construction being scheduled to occur during winter when water
column turbidity is naturally elevated due to recurrent storm events. This is also a
period when seagrass growth rates are reduced and hence their light requirements are
considerably less than during summer. It has previously been shown that Posidonia
species can tolerate moderate periods of low light conditions and will rapidly recover
when light climate is restored (Gordon et al. 1994). Furthermore, due to: (1) the
short duration of the dredging activities; and (2) shallow depths of the seagrass
meadows adjacent to South Beach, it is unlikely that turbidity levels would cause
significant impacts on the seagrass meadows located approximately 150 m offshore
would occur.

However, to ensure minimal impacts from smothering of the adjacent seagrass
meadows a sentinel monitoring programme is recommended and presented in
Section 12.2 and 12.3.

Penguin Habitat

The Little Penguins breed in hollows under the dense vegetation and in the limestone
caves. The rehabilitation works themselves do not impact on the habitat of the
Penguins as they are largely confined to the sandy beach area of the island. The
rehabilitation works, once established, are unlikely to impact on the colony of Little
Penguins on the island and revegetation of the revetment wall may create some
further breeding habitat for these Penguins. Once construction has finished, the
beach will be contoured to allow easy access for the Penguins—vertical drops of
greater than 15 cm inhibit the movement of the Penguins.

During the construction activity it will be important that access between the dunes
and the waters is maintained for the Penguins. If access is disrupted during
constructions works, for example during the construction of the crib revetment wall,
alternate pathways/ramps shall be put in place at the end of each day.
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11.4

Construction and rehabilitation works shall be restricted to the hours between 06:00-
19:00 hours; allowing the Penguins to maintain their normal nocturnal activities.

Coastal Processes

The impacts on coastal processes will be slightly different for the two sediment
sources and the also for the two preferred management options and these are
discussed below. Impacts on the coastal processes, if any, are likely to be restricted
to the spit area of Penguin Island and the western end of the tombolo.

It is unlikely that the removal of the required volumes of material from Point Peron
will significantly affect coastal processes at this site. The Point Peron beach has
historically been an area of sediment accumulation and regular sand removal has
been required to ensure minimal sedimentation of the Point Peron boat ramp.
Conversely, the required renourishment volumes required would represent a
significant proportion of the total volume of the tombolo. It is likely that the removal
of this volume of material from the tombolo would impact on: the stability of the
tombolo, the local hydrodynamics and sediment transport process. It is possible that
the removal of this significant volume of material from the tombolo may in fact
encourage rapid erosion of sediment from South Beach in order to re-establish an
equilibrium sediment volume across the tombolo.

The revetment wall and renourishment option is unlikely to significantly affect
coastal processes and sediment movement around Penguin Island.  The
renourishment works will be effectively returning the southern side of the spit to its
natural condition in the 1960s. The revetment wall acts as a final backstop—only
being uncovered if all beach material in front of it is removed. If the revetment wall
is uncovered, the wave reflection will increase energy conditions in immediate
vicinity potentially causing scouring and further erosion. It is expected that natural
conditions will accrete and erode this ‘new’ beach as has been observed over the past
50 years. It is likely that some of the renourished sand will migrate around to the
northern beach and some may be transported on to the tombolo.

The use of alongshore groynes is intended to interrupt sediment transport along
South Beach, Penguin Island. The groyne fields will trap sediment and reduce the
transport of sediment from South Beach to both the tombolo and the northern beach.
Additionally, the groynes may restrict the westerly movement of sediment from the
tombolo to South Beach. It is possible that the reduction in sediment transport
around the tip of the spit may result in enhanced erosion of the northern beach.
However, the extent to which this lack of sediment flow will change the sediment
supply and coastal process on the northern beach and western end of the tombolo is
difficult to quantify, with complex and sporadic storm events driving the major
sediment fluxes in the area. Note that it is expected that the wind-blown transport
between the south and north beaches will continue.

Hydrocarbon Spills

The revetment wall and beach reshaping works will be constructed using land-based
methods and as such a hydrocarbon spill to the marine environment is unlikely. The
dredge and barge contractor will be required to prepare a Safety Management Plan
that will include re-fuelling, spill response and cleanup procedures. Construction
will not commence until CALM has approved the Safety Management Plan. If
refuelling of marine vessels is required to be undertaken on site it will be undertaken
using appropriate equipment under close supervision with spill response equipment
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11.6

immediately available. Spill response and cleanup procedures will include the
requirement for:

. Materials to enable a cleanup of spills shall be available onsite prior to the
commencement of construction; and

. Work will cease following a spill until the completion of the cleanup.

Noise & Vibrations

Rehabilitation works will involve the generation of some noise from the operation of
marine vessels and earthmoving equipment on the beach. The construction
contractor will be required to take appropriate measures to ensure the operation of all
vessels and equipment complies with relevant statutory requirements relating to
noise generation and control.

The rehabilitation works will not require the use of construction techniques that
cause significant vibrations such as pile driving. It is not anticipated that vibration
generated during construction will have any impact on the marine environment. The
construction contractor will be required to prepare a Works Methodology that will
include effective control of noise and vibration during the works. Rehabilitation
works will not commence until CALM has approved the Works Methodology.

Noise and vibration is expected to have minimal impact on public amenity as works
are timed when public access to the island is restricted. The duration of construction
will be short (711 weeks) and will be restricted to the hours 06:00-19:00 Monday to
Saturday to minimise the disturbance to users.

Public Amenity

CALM will advise the local community and stakeholders that the rehabilitation
works on Penguin Island are occurring, and provide contact details if questions arise.
Notification of the construction works will be displayed on signs near Mersey Point
outlining the need, timing and extent of the works and warning against accessing the
tombolo during the works. The signs will be in place for the duration of the
construction works. Public notice of the construction will also include:

. A ‘Notice to Mariners’ in The West Australian newspaper prior to
commencement of the dredging works; and

. An information sheet will be provided to the Mersey Point cafe for display on
their notice board.

The island is closed to the public from early-June through to mid-September, and
rehabilitation works will be timed to occur as much as possible within this closed
season. Should the construction period extended beyond the island’s closed season,
public access to the construction area shall be restricted.

The impact of the construction equipment and marine vessels on the visual amenity
of Penguin Island is an unavoidable consequence of the works. However, as noted
above, these works shall be timed to occur when Penguin Island to closed to the
public. The revetment wall and renourishment option will effectively result in a
larger beach width on South Beach and no negative visual impacts are expected. The
alongshore groynes will result in a change to the visual amenity of South Beach and
the spit. However, this impact should be reduced through the use of limestone for
the groynes which is commonly seen around the shoreline of Penguin Island.
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As noted above, the removal of material from the tombolo may result in changes to
the stability of the tombolo, the local hydrodynamics and sediment transport process.
This in turn could adversely affect the safety of people wading across the tombolo. It
is also noteworthy that the sediments from the tombolo were found to have a high
proportion of shell fragments and dark sediment particles. This material, if used for
renourishment, could negatively impact on the aesthetics of South Beach.
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12.

Monitoring and Management

12.1

12.1.1

12.1.2

121.3

12.1.4

12.1.5

We provide below a series of recommendations for monitoring and management
which should be implemented in conjunction with the proposed shoreline
management works on South Beach, Penguin Island.

Beach surveys

To enable ongoing proactive shoreline management of South Beach, it is
recommended that beach surveys of the active spit be undertaken regularly.

Responsibility
The survey of these monitoring transects shall be the responsibility of CALM.

Sampling scheme

A series of approximately equi-spaced shoreline profile transects should be
established along the active spit of Penguin Island. The landward limit of these
transects should be identified with a fixed benchmark located at least 10 m landward
of the existing vegetation line. The initial profile transects should extend seaward a
distance of 200 m and subsequent transects should extend seaward to wading depth
(at least 1 m). It is anticipated that approximately 8 to 10 profiles would be
established along the active spit (including both South Beach and the northern beach)
and the actual locations would be determined following selection of the preferred
management option.

Timing

The first three surveys shall be undertaken at the following times:

. The initial beach survey shall be completed as close as practicable prior to
commencing the shoreline management works (maximum of two weeks,
weather permitting);

. The second beach survey shall be undertaken immediately following the

completion of the revetment wall (and should include a detailed survey of the
position and elevation of the revetment wall, including the toe, crest and
seaward profile); and

. The third survey shall be undertaken as close as practicable following the
completion of the renourishment works (maximum of two weeks, weather
permitting).

Subsequent surveys should be completed annually in autumn.

Indicators

For each transect, the first three profile surveys shall be overlain and shall be used as
the baseline to determine the requirement for future renourishment works. Each
subsequent annual profile survey shall be overlain to determine: (1) minimum and
average depth of sand overlaying the revetment wall; (2) change in sand volume
across the profile.

Criteria and management contingency

The need for minor sediment rearrangement or renourishment shall be considered if
any profile shows a minimum depth of sand overlying the revetment wall of less than
20 cm. Similarly, if the volume of “renourished” sediment across the transects on
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