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EXECUTIVE SUMMARY

There is a requirement as part of the geometric design and operation of the shipping channel
(including berth pockets and swing basins) to understand the existing rates and patterns of
changes in bathymetry (associated with sediment accretion). In addition, assessments of future
sedimentation rates are required for planning purposes.

A preliminary analysis of sedimentation in the location of the existing shipping channel, swing
basins and berth pockets has been undertaken. For the purpose of making assessments of
future sedimentation rates, the analysis also includes adjacent areas, particularly north of the
existing channel limit, to account for a potential future channel footprint.
The analysis has made use of three primary sources of information, namely:

» existing and available literature;

« reported and anecdotal evidence obtained from a review of dredging history in Western
Port (see Haskoning Australia report HY-0007); and

« analysis of measured sedimentation using a times series of hydrosurveys.

Discussion of existing sedimentation patterns and rates are discussed for five areas, with the
findings summarised in the table below.

Area General Extent Preliminary assessed future sedimentation rates
location
1 Western Entrance to south of | Itis considered that there is no sedimentation within
Sandy Point this area sufficient to impact on the declared depth.
2 Confluence, south of Sandy | Itis considered that sand waves in certain parts of the
Point to Crib Point channel will regrow to a level above the proposed
declared depth following capital dredging and will
Channel require ongoing dredging to maintain the declared

depth. The ongoing dredging is likely to be required at
a frequency in the order of years rather than months but
further analysis of this issue will be required.

3 Crib Point to BlueScope It is assessed that global sedimentation within this area
Jetty will be unlikely to exceed 50mm / year, including an
allowance for an assumed increased rate of siltation
following capital dredging.

4A BlueScope berth pocket It is assessed that global sedimentation within the
4B Berth Long Is. Pnt. berth pocket proposed berth pocket (and swing basin) will be unlikely
4C pockets Crib Point berth pocket to exceed 50mm / year, including an allowance for an
4D Stony Point berth pocket assumed increased rate of siltation following capital
dredging.

5 Channel, Proposed channel, berth It is assessed that global sedimentation within this area

Swing Basin | pocket(s) and swing basin(s) | will be unlikely to exceed 50mm / year, including an

and Berth north of BlueScope (details | allowance for an assumed increased rate of siltation
Pocket not yet defined) following capital dredging.

The conclusions in this report are preliminary. More detailed assessment of sedimentation will be
undertaken in the future as part of the hydrodynamics work stream.
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1 INTRODUCTION

There is a requirement as part of the geometric design and operation of the shipping channel
(including berth pockets and swing basins) to understand the existing rates and patterns of
changes in bathymetry (associated with sediment accretion). In addition, assessment of future
sedimentation rates are required for planning purposes.

A preliminary analysis of sedimentation in the location of the existing shipping channel, swing
basins and berth pockets has been undertaken. For the purpose of making an assessment of
future sedimentation rates, the analysis also includes adjacent areas, particularly north of the
existing channel limit, to account for a potential future channel footprint.
The analysis has made use of three primary sources of information, namely:

» existing and available literature;

* reported and anecdotal evidence obtained from a review of dredging history in Western
Port (see Haskoning Australia report HY-0007); and

« analysis of measured sedimentation using a times series of hydrosurveys.

The conclusions in this report are preliminary. More detailed assessment of sedimentation will be
undertaken in the future as part of the hydrodynamics work stream.
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AREA OF INTEREST

For the purposes of this analysis the existing shipping channel has been split into four areas as

shown in Figure 1. In addition, a fifth area covers the proposed shipping channel footprint (north
of the existing channel limit), which is yet to be defined. Selected characteristics of each area are
described in Table 1.

Table 1: Selected characteristics of study areas.

Area | General location Extent Typical Depth (m CD) Seabed Type
(from Marsden et al, 1979)
1 Western Entrance to -16.5m to -36m (rarely Medium to Coarse Sand
south of Sandy Point reaching above
-17m)
2 Confluence, south of -14m to -26m (sand Medium to Coarse Sand
Channel Sandy Point to Crib Point waves)
3 Crib Point to BlueScope -15m to -19m Medium Sand in Lower North
Jetty Arm to Fine Sand/Silt in
upper North Arm
4A BlueScope Jetty Jetty: -11m Fine Sand to Silt
Berth Pocket: -13m
4B Long Island Point Jetty Jetty: -15m Fine Sand to Silt
Berth Pocket: -16.5 to -
Berth pockets 17.5m
4C Crib Point Jetty Jetty: -14 Fine Sand to Silt
Berth Pocket: -16m to -
17m
4D Stony Point Jetty Jetty: -5m Fine Sand to Silt
Berth Pocket: -8.5m
5 Channel, Swing Proposed channel, swing Om to -19m Fine Sand to Silt

Basin and Berth
Pocket

basin(s) and berth
pocket(s) north of
BlueScope (details not
yet defined)
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Figure 1. Location of existing shipping channel and areas of analysis (Areas 1 to 4). Also shown is t
location of sand wave cross sections (yellow line) south of Stony Point.
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To allow the analysis to account for future changes to the shipping channel footprint, a number of
assumptions have been made concerning the proposed channel and berth pocket arrangement
based on discussion with the Design and Engineering work stream. These include:

» the proposed horizontal alignment of the shipping channel in Area 1 and Area 2 will not
change significantly;

» the proposed horizontal alignment of the shipping channel in Area 3 will not change
significantly;

« an area immediately to the north of Area 3 may include berth pockets, swing basins and
an extension to the shipping channel. This area forms part of the study area but is not
shown on Figure 1 ; and

* an indicative future declared depth for all proposed areas of -16.5mCD.
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3 REVIEW OF EXISTING INFORMATION

There is various available literature regarding sedimentation rates in Western Port. This has
varying degrees of relevance to the area of interest (Western Entrance and Lower North Arm).
Locations presented in the literature include:

« intertidal mudflats in the north east and south east of Western Port (Hancock et al., 2001);

» intertidal mudflats at Yaringa (Bird, 1986) and mangroves at Quail Island (Rodgers et al.,
2006); and

« sand waves in the Lower North Arm, only a portion of which are in the channel (Anon,
1980, Lawson and Treloar, 2002).

3.1 Intertidal mudflats

Although useful for context, reported sedimentation rates in intertidal areas (mudflats and
mangroves) are not considered to be representative of the area of interest, but rather
representative of intertidal areas. Furthermore, sedimentation rates in the area of the proposed
port have the potential to be impacted by changes to bathymetry, hydrodynamics and sediment
regime, principally caused by the port reclamation and dredging.

Sediment accretion rates across the intertidal mudflats of the Upper North Arm, tidal divide and
East Arm were estimated to be between 3mmyr™ and 5.5mmyr™* (Hancock et al., 2001). For the
western parts of the bay, just north of the proposed port location are quoted as typically less than
4mmyr* (Hancock et al., 2001).

Bird (1986) measured mudflat accretion over a period of 11 months at 12 sites about 9m seaward
of the mangrove fringe south of Yaringa. Seven of the sites showed net vertical accretion
between 0.8cm and 4.4cm (8.7 - 48mmyr ™) and five demonstrated net vertical erosion between
0.6cm and 2.8cm (6.5 - 30.5mmyr™).

3.2 Sand Waves

A number of previous studies have described the location and nature of sand waves.

Using a combination of hydrographic charts, side-scan sonar and vibrocores from 1979, Anon
(1980) described the seabed features of the main channel of the Lower North Arm between
Phillip Island and Quail Island (north of Yaringa Marina).

North of Sandy Point to Stony Point the channel floor is dominated by a field of sand waves with
approximately east-west crest alignments. Immediately north of Sandy Point the sand waves are
about 3.5m high (crest to trough) with wavelengths of 100-150m in 27m of water, reducing in size
to about 2m high and 60m wavelength at Stony Point in 16-17m of water. Individual sand waves
can reach 5m in height with wavelengths of about 130m. The sand wave field continues north
covering areas of the bed either side of Middle Spit. On the west side of Middle Spit the sand
waves cover half the width of the channel floor, from the Spit side of the channel. Further north
the sand wave field becomes narrower and patchier towards Tyabb where more of the bed
becomes featureless with exposed ‘basement’ clay or a thin sediment veneer (0.1-0.4m) over the
clay. South of Sandy Point, sand waves occur as isolated patches up to 200m across,
surrounded by the featureless channel floor (Anon, 1980).

The sand waves are asymmetrical with their steeper slopes facing south. This would indicate that
the sand waves are migrating to the south, forced by a dominant ebb-tide current. There are often
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smaller sand waves superimposed on the longer gentler slopes of the larger sand waves. These
smaller sand waves are up to 1m high with wavelengths of 15-20m (Anon, 1980).

Lawson and Treloar (2002) investigated the behaviour of sand waves in the Western Port
channel, between buoys 19 and 20 from 1995 to 2001. Contour plots and difference plots
(between surveys) were presented showing a relatively uniform progression of the sand waves in
a southerly direction. Maximum peaks at -13.9mCD were observed (Lawson & Treloar 2002).

3.3

Review of Dredging History

A review of dredging history in Western Port was undertaken by Haskoning Australia (see HY-

0007).

Selected relevant findings of that study are summarised below:

sand wave dredging took place in 1980, 1988 and 1994. These were located between
Tankerton buoys No. 19-21 (Dick Cox pers. comm.).

sand wave dredging after the Port was privatised in 1997 occurred less. Post-1997 a
sweep bar was used to level off sand waves (Dick Cox pers. comm.).

there have been two previous Notice to Mariners issued in relation to reduction of
maintained depths due to sand wave shoaling in the shipping channel between the No.19
and No.21 buoys. Notice No.7/97 advised a reduction in the maintained depth to
-14.2mCD and Notice N0.61/00 advised a peak of -14.0mCD as being due to sand
waves. The recovery of maintained depths due to the dynamic nature of the sand wave
field was evidenced by a hydrosurvey undertaken in April 2008, which identified only two
spots in the vicinity of Buoy No.19 (eastern channel boundary) where sand waves had
peaked at -14.2mCD.

a Notice to Mariners (N0.64T-2008) has also been issued to identify a localised shoal
extending 100m into the eastern side of the shipping channel halfway between Buoys
No.13 and No.15 that reduced the minimum depth to -13.4mCD in that area. This area
was monitored with annual hydrographic surveys.

BlueScope berths are generally considered as ‘self-cleansing’ as they are aligned within
the channel (Dick Cox pers. comm.).

under the management of Patrick Ports Hastings the BlueScope berths were
(maintenance) dredged in 2002 with approximately 16,000m* of material being dredged
by a cutter suction dredge and disposed within the Old Tyabb Reclamation Area. The
build-up of sediment within the berths had been previously managed by issuing a Notice
to Mariners (No0.8/97, 6 February 1997), which advised that the maintained depths within
Berths No.1 and No.2 had been amended to -11.0mCD and -10.0mCD respectively.

periodic dredging has occurred in the BlueScope berths to remove sedimentation. Little
sedimentation occurs within the berth pocket at Long Island Point (Dick Cox pers.
comm.).

the Port of Hastings Dredging Strategy 2006-2012 was prepared by Patrick Ports
Hastings. The strategy outlines a general policy of no planned dredging and monitoring
of problem sand wave areas and the BlueScope, Long Island Point and Crib Point berths
with annual hydrographic surveys.

no historical dredging has occurred in the Western Channel (Shane Vedamuttu pers.
comm.).

Preliminary Siltation Analysis -6- HAS-CEPO-HY-REP-0016-B
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4 ANALYSIS OF BATHYMETRIC DATA

Hydrosurveys were undertaken on behalf of Patrick Ports between 2004 and 2014 by 3D Matrine.
The location of surveys included parts of the North Arm shipping channel, the Western Entrance
shipping channel, the anchorage and the numerous berth pockets. This data has been analysed
with the findings summarised below. Data was not available for areas north of the existing
shipping channel limit.

4.1 Sand waves within shipping channel

A number of cross sections through sand waves are presented in Appendix A. The general
locations of the cross sections are shown in Figure 1 (yellow line south of Stony Point). Two
examples of cross-sections of sand waves are shown below in Figure 2. These were extracted
to better display the nature of sand wave migration direction and rates. The particular locations of
these cross sections are shown in Figure 3.

Analysis of the 3D Marine bathymetric data demonstrates that:

* in agreement with previously reported literature, sand waves are present within and
adjacent to the existing shipping channel south of Stony Point;

» the particular geometry (steepest slope facing south) and direction of migration
(southerly) correlate with data presented above;

» sand waves in this location can migrate southwards by up to 10m per year, but typically
migrate southwards at 3-8m per year;

« typically sand wave growth (increase in vertical crest elevation) is minimal between 2004
and 2014, possibly inferring an equilibrium (or close to) crest elevation;

« sand waves generally do not occur higher than the existing -14.2mCD declared depth,
other than a small number of sand waves on the eastern edge of the shipping channel,
which are at -14.1mCD; and

« sand wave crests regularly occur above the assumed future declared depth of -16.5mCD.
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Figure 2. Cross sections of sand waves (see Figure 3 for loca  tions) running north-south (right-left)

Figure 3. Extract of bathymetry:i er North Arm s hipping channel, location of cross-sections

presented in Appendix A (black eline) and loca  tion of cross-sections presented in Figure 2 (red
centreline).
4.2 Bathymetric ges in existing berth pockets

lly between 2004 and 2014, bathymetric cross-sections taken

perpendicul he shoreline (generally west-east) were extracted for each of the four (4)
existing berth pockets/swing basin areas. These plots are shown in Figure 4 and the associated
patterns o imentation within each are described below in Table 2.
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Table 2. Summary of bathymetric change in berth pock ets (Area 4).

Berth Pocket Summary of bathymetric change

BlueScope *  The existing berth pocket is 40m wide (E-W) with a maximum depth of
-13mCD (2014 survey)

* No clear pattern of global sedimentation (no spatially consistent increase
in elevation)

«  Maximum observed positive change in seabed elevation was 300mm
between 2008 and 2010 surveys

e Changes in elevation between 2004 and 2014 occur within a 500mm
vertical range

Long Island Point *  The existing berth pocket is 40m wide (E-W) and maximum depth -
17.5mCD (2014 survey)

* No clear pattern of global sedimentation

e Changes in elevation occur within a 500mm vertical range

« Maximum observed positive change in seabed elevation was 200mm
between 2009 and 2010

Crib Point *  The existing berth pocket is 100m wide and has a maximum depth of
-17mCD (2014)
* Changes in elevation fluctuate and occur within a 500m vertical range

Stony Point *  The existing berth pocket is 90m wide and has a maximum depth of
-8.5mCD

e« Maximum 1.0m seabed lowering at bottom of berth pocket between 2005
and 2010, however this is likely due to interpolation between points

Preliminary Siltation Analysis -9- HAS-CEPO-HY-REP-0016-B
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5 DISCUSSION AND CONCLUSIONS

For the purposes of providing preliminary siltation rates to inform channel, swing basin and berth
pocket design and operation, discussion of existing sedimentation patterns and rates of
sedimentation are discussed below for five locations, namely:

* Western Channel, covered by analysis Area 1,

* Lower North Arm shipping channel (confluence zone up to Crib Point), covered by
analysis Area 2;

» Lower North Arm shipping channel, covered by analysis Area 3; and

» Proposed swing basin and berth pockets, informed from analysis of Area 3 and Area 4.

51 Area 1 - Channel - Western Entrance

Summary of existing patterns

There is little measured change in bathymetry within this area observed in the survey period 2004
to 2014. In addition, the bathymetry in the area is typically between -16.5mCD and -36mCD and
rarely above -17mCD. It is therefore deeper than both the existing and proposed future declared
depth. The impact from sedimentation is considered to be limited in this area.

It is noted that adjacent to this area there are large seabed features, namely Middle Bank,
present adjacent to the channel. The analysis of these features is outside the scope of this
analysis.

Preliminary sedimentation rates
For the purposes of this analysis, it is considered that there is no sedimentation within this area
sufficient to impact on the declared depth.

5.2 Area 2 - Channel - Confluence (inc. Sand Waves)

Summary of existing patterns

Rather than global sedimentation (which would result in a consistent reduction in depth), the most
significant potential issue with a change in bathymetry in Area 2 is likely the elevation of sand
wave crests. At present, the sand waves generally do not impact on the existing declared depth
of -14.2mCD. This is evident from the analysis of sand waves conducted in this report and
correlates with the lack of recent dredging activity. It is a reasonable assumption that sand waves
in the shipping channel are at or close to an equilibrium crest elevation.

A change to the depth (to -16.5mCD) in this area by dredging will initially remove the crests of
many of the sand waves. Despite these crests being dredged (sediment removed) or ‘capped’
(crests flattened by a sweep bar or similar) to a depth below -16.5mCD, it can be expected that
these sand waves will reform, assuming an ongoing supply of sediment. Given that the observed
crest elevation of the existing sand waves is commonly above -16.5mCD, the outcome would
likely be regrowth of sand waves over time to the crest elevations currently observed.

Growth rates and regrowth rates (following dredging) of sand waves are difficult to predict. It is
useful to consider observed growth rates, both in Western Port and elsewhere. Mention has

already been made of the previous recovery of sand waves in Western Port following dredging
(Section 3.3). Elsewhere, vertical regrowth rates of up to 300mm / year have been observed in
Port Phillip Bay following dredging. In Rotterdam Harbour sand waves have been observed to
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totally recover in one to three years (Hulscher, 1996; Nemeth, 2003), which was considered much
faster than theoretically predicted.

Preliminary sedimentation rates

For the purposes of this analysis it is considered that sand waves in certain parts of the channel
will regrow to a level above the proposed declared depth of -16.5mCD following capital dredging
and will require ongoing dredging to maintain the declared depth. The ongoing dredging is likely
to be required at a frequency in the order of years rather than months, but further analysis of this
issue will be required.

5.3 Area 3 - Channel — Lower North Arm

Summary of existing patterns

There is little global sedimentation (a spatially consistent trend) observed within this area,
however some local changes of less than 500mm elevation are observed during the 10 years of
survey (2004 to 2014). Typically, localised year to year fluctuations are in the order of 100-
300mm (between survey dates).

It would be expected that, generally speaking, siltation would increase once capital dredging has
occurred due to a deepening of the channel and berth pockets and a local reduction in current
velocities.

Preliminary sedimentation rates

For the purposes of this analysis, and based on the information presented above, it is assessed
that global sedimentation within the proposed berth pocket and swing basin will be unlikely to
exceed 50mm / year, including an allowance for an assumed increased rate of siltation following
capital dredging.

5.4 Area 4 — Existing Berth Pockets

Summary of existing patterns

There is little global sedimentation (a spatially consistent trend) observed within the existing berth
pockets, however some local changes of less than 500mm elevation are observed during the 10
years of survey (2004 to 2014). Typically, localised year to year fluctuations are in the order of
100-300mm (between survey dates).

The review of dredging history demonstrates that maintenance dredging in the existing berth
pockets is seldom required.

It would be expected that, generally speaking, siltation would increase once capital dredging has
occurred due to a deepening of the channel and berth pockets and a local reduction in current
velocities.

Preliminary sedimentation rates

For the purposes of this analysis, and based on the information presented above, it is assessed
that global sedimentation within the proposed berth pocket and swing basin will be unlikely to
exceed 50mm / year, including an allowance for an increased rate of siltation following capital
dredging.
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5.5

Area 5 — Proposed Channel, Berth Pocket(s) and  Swing Basin(s) North of Blue Scope

Summary of existing patterns

There is no time series of data available for Area 5, north of the existing channel limit. However,
existing (and future) sedimentation rates in the area are expected to be relatively similar to Area 3
and Area 4.

It would be expected that, generally speaking, siltation would increase once capital dredging has
occurred due to a deepening of the natural bed to create the channel, swing basin(s) and berth
pocket(s), and consequent local reduction in current velocities.

Preliminary sedimentation rates

For the purposes of this analysis, and based on the information presented above, it is assessed
that global sedimentation within the proposed channel, berth pocket(s) and swing basin(s) will be
unlikely to exceed 50mm / year, including an allowance for an increased rate of siltation following
capital dredging.
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Appendix A
Sand Wave Cross Sections
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