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Figure 4. Regional Geology of the area surrounding Berrys Canal (Shoalhaven City Council, 2005). Note how the

Permian geology frames the Quaternary geology.

2.4 Soil landscapes

Hazelton (1993) has mapped and defined the process of deposition of sediment throughout the
Shoalhaven. In the lower Shoalhaven estuary (within 4 km of the coast) the primary sediment

depositional processes were estuarine (including marine) and alluvial. The Holocene sediment
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deposits which have developed since the stabilization of the sea level approximately 7900-7700
years ago are underlain by Pleistocene sediments between 4 and 5 m below 0 m AHD and are
comprised of oxidised clays to gravelly sands. The Pleistocene sediments influenced and
physically limited the subsequent estuarine infilling of the delta which occurred during the
Holocene. Holocene sediments are largely comprised of sand and some mud; these sediments

are derived from estuary and marine origins (Shoalhaven City Council, 2005).

More detailed analysis of the sediment composition of the south west section of Comerong
Island’s bank was executed by Thompson (1999); when carrying out a detailed analysis of
Comerong Island geomorphology. Auger holes 18, 19, 20, 21 and 22 revealed that the south
western bank of Comerong Island from midway in the study area to the southern end were
comprised of fine sand often underlain by sandy silt and then fine sand once more and at the

bottom of one there was medium sand (Figure 5 and 6).

Tasman Sea

Figure 5. Location of auger holes on Comerong Island collected by Thompson (1999). Note AH 18-22 are placed along
the Berrys Canal bank.
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Figure 6. Auger holes 18-22 originating from the south western bank of Comerong Island (Thompson, 1999). Note
that they are largely comprised of fine sand, sandy silt and medium sand.

2.5 Climate

The Shoalhaven Region average monthly rainfall is fairly uniform throughout the year ranging
from an average of 121.8 mm in March to an average of 69.5 mm in July. Less rainfall is
experienced in mid to late winter and early spring when compared to the rest of the year
(Bureau of Meteorology, 2012) (
Figure 7).
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Figure 7. The average rainfall for the years 1960-2012 at Greenwell Point Bowling Club (Bureau
of Meteorology, 2012).

Flood patterns in the Shoalhaven region tend to be frequent for a given number of decades and
then there are 15 to 25 year periods of no floods. The flood history for the Shoalhaven River
from 1860 to 1988 was collected by Public Works Department (PWD) (1988) and is displayed

in Figure 8.
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Figure 8. Flood data between 1860 and 1988 at Nowra Bridge (PWD, 1988)

It is beyond the scope of this study to analysis the relationship between rainfall and El Nino
Southern Oscillation (ENSO) patterns on the east coast of NSW and their relationship with
changes in the Berrys Canal morphology. However, it is interesting to note that the most
significant influence on rainfall on the south east coast of Australia is the ENSO phenomenon
(Kirkup et al, 2007). When the inter-decadal oscillation of sea surface temperature over the
Pacific Ocean lowers the temperature of the tropical Pacific Ocean, the ENSO variability is
closely related to yearly rainfall variations and river flow on the east coast of Australia (Power

et al, 1999). This would be an interesting avenue to investigate in future studies.

The mean maximum temperature that is reached in Nowra at the Nowra Ran Air Station AWS
ranges from 29.3 °C in January to 17.5 °C in June (Bureau of Meteorology, 2012).The mean

minimum temperature that is reached ranges from 26.3 °C in February to 15.2 °C in June.

Wind speed over the year is distributed reasonably evenly, being slightly slower between
autumn and winter. The general wind directions are south, south easterlies and easterlies and

during the rare westerlies and north westerlies wind reaches its strongest readings of above 40
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km/h (Bureau of Meteorology, 2012). The coast of NSW is a microtidal environment, being
subject an average of 1.6 m tides (Wright, 1976).

The south coast of NSW is subjected to a constant swell from the Tasman Sea originating from a
south easterly direction (Wright, 1976). The wave regime is generally characterised as high
energy, reaching an average of 1.5 m 50% of the time (Sloss et al.,, 2007). During extreme storms
considerable wave heights of 16 m have been recorded and there are large wave periods
ranging from 10-14 seconds (Davidson et al, 1999; Sloss et al, 2007). However, as stated
previously Berrys Canal is not at the shoreline and is protected by Crookhaven entrance
conditions due to the resistant southern headland and training wall. Conversely Shoalhaven
heads is unprotected and the wave set-up creates a slightly higher water level of 0.2 m for

incident waves of 2-3 m in height at this point (Posford et al., 1977)

Posford et al, (1977) found during times when Shoalhaven Heads are open; a net current
circulation pattern between Crookhaven Heads and Shoalhaven Heads. The circulation pattern
is driven by the higher water level at Shoalhaven Heads which allows the flood tide to dominate
at this entrance and eb b tide to dominate at the Crookhaven entrance thus creating a anti-
clockwise circulation pattern. This circulation via Berrys Canal encourages a dominant ebb tide

through the canal and subsequent Shoalhaven entrance closure.

The flood tide at any river entrance transports more suspended sediment than the ebb tide due
to the shoaling that occurs at the river entrance on the sand bars. This process is emphasised at
Shoalhaven heads due to the unique circulation pattern at this location increasing siltation at

the entrance (Posford, 1977).

Due to the increasingly long periods that the Shoalhaven Heads is closed, Crookhaven heads and
Berrys Canal are now the main pathway for both river and tidal flows for the Shoalhaven River.
All flood and ebb tides travel this pathway except in times of flood or post flood when the

Shoalhaven Heads are temporarily opened.
2.7 Biological processes and values

The Shoalhaven Delta is heavily vegetated, primarily in the NPWS nature reserve on Comerong
Island which covers 660 ha of the Island (Thompson, 1999). The nature reserve has many

important flora and fauna species present. Thompson (1999) outlines the dominant
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environments along the south western bank of Comerong Island that adjoins Berrys Canal are
mangrove, saltmarsh and alluvial plain (Figure 9). Within the saltmarsh environments the
principal species were Samphire (Sarcocornia quinqueflora) and Sea Rush (Juncus kraussii) and
within the mangrove communities the primary mangrove species are Grey Mangrove (Avicennia
marina) and River Mangroves (Agiceras corniculatum) to a lesser degree (Thompson,
1999)(Figure 9). Mangrove communities along the NSW coast are considerably rare and
therefore these communities are of great scientific, ecological and aesthetic importance. Exotic
species present on the reserve include Lantana (Lantana camara), Bitou Bush
(Chrysanthemoides monilifera), Fire Weed (Senecio madagascariensis) and the African boxhorn

(Lycium feroci ssimum) (National Parks Wildlife Services, 1998).
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Figure 9.The Comerong Island environments. Note that the primary environments along Berrys Canal are mangrove,
saltmarsh and alluvial plain (Thompson, 1999).
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Comerong Island is rare in the sense that it is one of only a few naturally vegetated delta
systems on the NSW coast (National Parks Wildlife Services, 1998). It has three important
habitat types that include tidal shallows, mangrove swamp and littoral forest (National Parks
Wildlife Services, 1998). The littoral forest is of significant value as it is the largest of its kind on
the south coast of NSW. The island houses rainforest habitat for a rare grey-headed flying fox
(Pteropus poliocephalus) colony found on the southern coast of NSW. Comerong Island’s nature
reserve habitat as a whole supports a significant number of waterbirds and shorebirds that are
on the Threatened Species Act list (National Parks Wildlife Services, 1998). It is the southern-
most location of the bar-shouldered dove (Geopelia humeralis) and black bittern and is of
considerable importance as it is the fifth most essential estuarine system for waders on the NSW
coast (NPWS, 1998). Out of the 90 species of shorebirds or waders that the reserve supports 27
are present in international agreements of protection for their habitat. It is also a significant
migratory location for 6000 swans and ducks that vacate their highlands home during winter to
escape the cold on Comerong Island. Therefore the value and importance of nature reserve on
Comerong Island is derived from its unique representation of flora and fauna communities

(National Parks Wildlife Services, 1998).

The vegetation that shoulders Berrys Canal is considerably variable. Berrys Canal bank is
significantly more vegetated on its northern banks along the national parks nature reserve
(Figure 11) when compared to its southern banks where it shoulders mostly agricultural and
urban land (Figure 11). The northern bank of Berrys Canal is populated with several vegetation
communities. Other than cleared land covered in grasses, there are Casuarina Forest/Woodland,
Herbland/Sedgeland/Reedland and Mangrove Forest/Shrubland (Figure 10). Berrys Canal
south bank is characterised by agricultural and urban land use and has a limited presence of
Casuarina Forest/Woodland and Herbland/Sedgeland/Reedland communities (Figure 10)
(Shoalhaven City Council, 2002).
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Figure 10. The vegetation distribution surrounding the lower Shoalhaven River. Note the greater abundance of

vegetation on the northern bank of Berry Canal than the southern bank (Shoalhaven City Council, 2002).
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Figure 11. The landuse classification for the land surrounding the lower Shoalhaven River. Berrys Canal shoulders

national parks, agricultural, urban and environmental protection zoned land (Shoalhaven City Council, 2002).
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2.5 Current landuse

Current land uses surrounding the study area involve agriculture, rural, environmental
protection, urban living and national park reserve (Figure 11). Areas are further marked as
SEPP14 areas as they are littoral rainforest which has been commonly cleared in the past for
coastal developments (Figure 12). The northern bank of the study area is national park land and
is heavily vegetated. Along the opposite bank of the study area the land is used for rural, urban
and environmental protection practices (Figure 11). The rural practices have resulted in the
clearing of the majority of this land. Urban purposes have lead to the clearing, developing and
engineering of this bank resulting in the entire section of this bank being protected by a rock

wall.

Comerong Island has retained 65% of its natural vegetation including tall forest, a rainforest
understory and mangrove communities (National Parks Wildlife Services, 1998). The Nature
Reserve which extends over 660 ha of the south east section of the Island was declared a nature
reserve in 1996 (Thompson, 1999). Within the reserve activities are restricted to recreation,
education and research motivated activities (Thompson, 1999). Oyster leases have been

maintained in Comerong Bay and in Berrys Canal (National Parks Wildlife Services, 1998).
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Figure 12. State Environmental Planning Policy No 14 - Coastal Wetlands (SEPP 14). SEPP 14 provides for the
preservation of coastal wetlands for their economic and environmental value (Shoalhaven City Council, 2002).

2.8 Historical outline

The presence of Aboriginal peoples on the south coast of Australia for 20,000 years prior to
European settlement has been proved through dating techniques (Davidson et al, 1999). They
have been located in the Shoalhaven region on seven mile beach and Comerong Island (National
Parks Wildlife Services, 1998). On Comerong Island middens have been found as evidence of

aboriginal inhabitance (National Parks Wildlife Services, 1998).

George Bass visited the Shoalhaven region in 1797 and after exploring for three days named the
river entrance Shoalhaven Heads due to its shallow nature (Shoalhaven City Council, 2003). In
the early 1900s Alexander Berry and partner were granted 10,000 acres in the Shoalhaven
region to look after 100 convicts (Posford et al, 1977). At this time the region was rich in cedar
forests and agricultural and grazing lands. The Shoalhaven and Crookhaven systems were

separate at this point by a 200 m sand spit (Posford et al, 1977).
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Due to the dangerous nature of Shoalhaven heads Alexander Berry ordered in June 1822 that
Hamilton Hume and three convicts cut a passage through the sandspit to join the Crookhaven
and Shoalhaven Rivers and allow transport upstream (Posford et al, 1977). The channel dug
was 191 m long and 5.5 m wide. It took 12 days to complete the excavation and it was the first
canal constructed in Australia (Turner, 1971). Berrys Canal was directly dredged in the late
1900s to allow steam ships to travel upstream to Nowra Wharf (Public Works Department
1988). Anthropogenic and natural factors have contributed to the subsequent widening of

Berrys Canal.

2.9 Previous studies

Numerous studies have investigated the Shoalhaven region and the evolution of the Shoalhaven
River (Sinclair et al., 1977; Public Works Department, 1988; Patterson et al., 2004; Webb et al,,
2004; Shoalhaven City Council, 2005). Due to the eroding nature of Berrys Canal and the
subsequent closure of the Shoalhaven Heads there has been a focus on the dominant factors

contributing to these processes, future outcomes and mitigation strategies.

The Shoalhaven City Council (SCC) (2005) has summarised the primary studies that have
investigated the erosion on the Shoalhaven River including Berrys Canal. Through its study it
identified the erosion of the canal banks has been due to undercutting and erosion at a rapid
rate. They concluded the primary cause of this erosion was tidal scour. Tidal scour has been

amplified by the circulation pattern that Posford et al, (1977) identified in their study.

Patterson (2004) identified several areas of greatest concern in terms of erosion. The Comerong
Island’s bank to Curries Creek entrance, Greenwell Point and Berrys Canal right bank between
O’Keefes Point and Numbaa Point. The left bank of Comerong Island is not mentioned but this is
likely due to the fact that this area is inhabited and therefore is not of primary concern to the

public.

The Shoalhaven City Council (SCC) (2005) identified the dominant areas of erosion. O’Keefes
Point is severely eroding, the Comerong Island bank within Berrys Canal and the bank between
O’Keefes Point and Numbaa Point is severely eroding in an uneven pattern along the canal.
Apple Orchard Island is severely eroding, Nobles Island is moderately eroding and Greenwell

Point bank has had little movement since 1901 (apart from the land reclamation after 1949).
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This is likely, however, as a result of the rock protection which has maintained the bank location

at Greenwell Point but has allowed the scouring of the intertidal flat.

Public Works Department (PWD) (1988) concluded that the lower Shoalhaven banks have a
stepped profile with near vertical banks above the mid tide level, horizontal nearshore platform
sloping to the foot of the channel. The PWD (1988) finds that the lower Shoalhaven River is
migrating southward, and is likely to have been happening prior to European settlement, but
suggests that Berrys Canal has encouraged the southward migration of the downstream portion
of the Shoalhaven River. The Canal accelerated the sharpening of the bend at O’Keefes Point by
progressively capturing and increasingly larger proportion of the freshwater and tidal flow.
Crookhaven heads are trained and therefore ensure continued opening while Shoalhaven heads
shoals. The prominent flood tide at Shoalhaven heads and ebb tide at Crookhaven heads
reinforces the shoaling of Shoalhaven heads, the scour of Crookhaven river entrance of Berrys
Canal through the circulation pattern that is created, interrupted only by a large flood event
opening Shoalhaven Heads periodically (Shoalhaven Heads being dominantly closed). Tidal
discharge goes through Berrys Canal at high velocities twice that of the Shoalhaven River

(Public Works Department, 1988). This causes bed scour due to the turbid nature of flow.

In PWD (1988) specific investigations were conducted into bank location change, thalweg
trends and channel shape in the form of changes in cross-sections. These can be seen in
Appendix 2-4. The PWD (1988) also collected channel cross-sections, which can be seen in
Appendix 1.

2.9.1 Historical data

The PWD (1988) study collected historical maps of the Shoalhaven Region prior to the cutting of
Berrys Canal. Bank position data through time (Public Works Department, 1988) was collected,
however, it could not be georeferenced for comparison. It has therefore been included in
Appendix 2 for qualitative bank position comparison to earlier dates than are possible with
georeferenced data. Bank position from Office of Environment and Heritage (OEH) (Appendix 3)
was created through photogrammetry and was able to be georeferenced and therefore used to
compare bank positions from 1949, 1984, 1993 and 2002 to the 2012 bank location. The
distance of erosion over time and area between times of bank measurement was deducted from

this data.
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Channel Cross-sections through time (Public Works Department, 1988, Public Works
Department, 1994) have been included in Appendix 1 and 4. The PWD (1988) cross-sections
could not be georefrenced however they reveal the shape of the Canal bed through time. These
will be compared to the TIN created in this thesis. The PWD (1994) cross-sections were used to
compare to 2012 channel cross-sections. Though these only go back to 1982 they can also be
roughly compared to the PWD (1988) cross-sections. Past thalweg positions were mapped
through time in PWD (1988) and will be compared to the 2012 thalweg position in this thesis.

2.9.2 Causes of erosion

The causes of erosion in Berrys Canal are complex and have been identified as predominantly
tidally scoured downstream in the Shoalhaven River and flood induced scour dominates
upstream of Bevan Island and the canal. However wind/boat waves, riparian vegetation and
bank material type are influencing erosion resistance and inducement variables (Public Works

Department, 1988).

The primary types of erosion in Berrys Canal have been identified as tidal current scour, tidally
induced seepage forces and meander development/location of thalweg (Shoalhaven City
Council, 2005). Patterson et al., (2004) identified that tidal current scour effect the lower bank
of Berrys Canal, undercutting the bank and eventually causing cantilever failure. Patterson et al,,
(2004) also recognised that tidally induced seepage forces operated by taking advantage of
cavities and notches being opened up by water drainage in the banks. It is the combination of
tidal and drainage forces that erode out and undercut the banks and eventually also cause
cantilever failure. Finally the PWD (1988) associated the thalweg with areas of significant bank
erosion. This occurred where the thalweg was close to the bank, eroding the underwater face of

the bank and the lower bank eventually undercutting and causing cantilever failure.

The Healthy Rivers Commission of New South Wales (HRC) (1999) concludes that the general
clearance of riparian vegetation throughout the estuary has contributed to enabling erosion in
the area. The SCC (2005) outlines that the tidally induced seepage forces combined with the
tidal forces induce undercutting in Berrys Canal. This is amplified in times of high flow and flood
resulting in flood current scour and flood induced slumping causing bank failure and severe

erosion in the canal (Shoalhaven City Council 2005)

31|Page



The above reasons do not explain erosion at times when Shoalhaven Heads is closed. Webb et
al, (2004) identified that wind waves have caused erosion at Greenwell Point during these

times.

2.9.3 Future behaviour

Predictions of future river behaviour were not provided by PWD 1988 and Patterson et al,
(2004). Sinclair et al, (1977) created an assessment of likely river behaviour 12 months after
the construction of Tallowa Dam. The majority of predictions made by Sinclair et al, (1977)
have since been contradicted by Patterson et al, (2004). Sinclair et al, (1977) concluded erosion
in Berrys Canal would continue into the future indefinitely. They suggested the introduction of a
monitoring program to track changes in the Shoalhaven River system in order to better

understand the processes affecting it.

2.9.4 Past management strategies

Crookhaven heads breakwater (constructed 1909-1912) increased channel scour in the Lower
Shoalhaven River and may have increased the tidal circulation between Shoalhaven Heads
through Berrys Canal and Crookhaven Heads by reducing tidal energy loss through Crookhaven
Heads (Public Works Department, 1988). Berrys Canal walls were constructed from 1902-1908
and extended from the northern bank of Apple Orchard Island to the ferry crossing (Public
Works Department, 1988) (Figure 1). PWD (1988) found the wall to still be present for a length
of 400 m north of Apple Orchard Island and a low section of the wall is present on downstream
section of Numbaa Point. Much of the rest of the wall had been lost. Present bank revetments
were placed by council in 1968. There was a wall also built along Comerong Island’s bank
opposite the above wall prior to 1901. Its upstream 430 m was built on the intertidal flats and
its lower 250 m was built into the channel. PWD (1988) found that some downstream section
has now been lost and upstream section is now at edge of channel and northern section has
been lost due to channel scour. Dredging was undertaken in Berrys Canal between 1893 and
1938 to improve transport between Nowra and Greenwell Point to shallow larger sea vessels
upstream. Greenwell Point banks were armoured in the 1970s and 80s to prevent the thalweg
from further eroding the foreshore. While the channel has deepened in this area as a result of
the armouring erosion via the thalweg has been stopped along this bank (Shoalhaven City
Council, 2004). All engineering work has been mapped by the PWD (1988) and can be seen in
Figure 13.
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