
 

 

 

 

 

 

Written/Submitted by: Reviewed/Approved by: 

 

 

 

 

Jennifer Parnell 

Consultant 

Anita Perkins 

Senior Consultant 

RIPPARIAN ASSESSMENT 

SHOALHAVEN  STARCHES  ETHANOL 
EXPANSION  PROJECT 

BOLONG ROAD, BOMADERRY, NSW 

 

Prepared for: 

Manildra Group Pty Ltd 

PO Box 123 

NOWRA  NSW  2541  

Project Ref: ENVIUNAN0111AB-R01 

1 May 2008 



 

 ENVIUNAN00111AB-R01 

 

 

 

1 May 2008 

 

Manildra Group Pty Ltd 
PO Box 123 
NOWRA  NSW  2541 

 

Attention: Greg Murphy 
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Thank you for your commission for this work and we look forward to the opportunity of being of 

assistance in the future.  Should you have any questions in relation to the report, please do not hesitate 
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For and on behalf of Coffey Environments Pty Ltd 
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The Manildra Group is seeking approval to expand its ethanol production capacity from 126 million litres 

per year to 300 million litres per year at the Shoalhaven Starches factory, located on Bolong Road, 

Bomaderry NSW.  The Shoalhaven Starches factory and Environmental Farm is situated within the 

Shoalhaven Floodplain, a large active alluvial floodplain with significant tidal and freshwater influences.  

Four watercourses of significance are located within, or border, the property: Shoalhaven River, 

Bomaderry Creek, Abernethy’s Creek and Broughton Creek. Coffey Environments has been 

commissioned by Manildra to undertake an assessment of the riparian zone and riverbank stability for 

these watercourses and assess if the proposed expansion will have additional impacts 

Much of the remnant vegetation on site has been removed prior to the development of the factory and 

farm for agricultural purposes.  The remaining riparian vegetation falls well short of the Core Riparian 

Zone (CRZ) and Vegetated Buffer recommended by the Dept. of Water and Environment (DWE).  Of 

the 5.5km of foreshore on the property, 483.5m meets the recommended Core Riparian Zone.   

Overall condition of riparian vegetation was poor with low structural and floristic diversity, significant 

weed infestation and expanses of exposed earth along stream banks.  A number of listed noxious 

weeds were identified along all four watercourses.   

Given the nature of an active floodplain, naturally occurring fluvial scour and channelisation was 

occurring, most prominently where the condition of vegetation was poor.  The majority of the foreshore 

of Shoalhaven River and sections of Broughton Creek is subject to fluvial scour as a result of changing 

flow directions from tidal and freshwater influences.  Significant bank recession and undercutting was 

recorded along Shoalhaven River and Broughton Creek.  Minor erosion and recession was also 

recorded on Abernethy’s Creek and Bomaderry Creek. 

The proposed expansion involves an upgrade to existing facilities and the development of new facilities 

throughout the site.  Overall, the proposed expansion is unlikely to expedite bank recession and failure, 

or impact significantly on riparian vegetation.  The proposed expansion will involve the removal of a 

small proportion of riparian vegetation adjacent to Bomaderry Creek, approximately 20m from the 

stream bank.    

Weed infestations are likely to increase ih intensity and spread to new areas without appropriate 

controls.  However, it is considered that this would occur regardless of the proposed expansion due to 

the poor condition of existing native vegetation and prevalence of weed species throughout the site.   

At present bank stability has been undermined by poor vegetative health and inappropriate riparian 

setbacks.  Other factors that were considered in the assessment include the potential for changes in 

soil moisture and engineered loads.  So long as the new facilities are bunded, it is unlikely that the 

wetting and drying of soil will become more prominent.  The close proximity of the proposed gas-fired 

co-generator to Bomaderry Creek may increase the load and further investigation will be required to 

assess if the load will impact on bank stability.   
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Recommendations for revegetation and enhancement works to improve bank stability have been 

provided.  The foreshore of Shoalhaven River will continue to recede regardless of revegetation works; 

however, additional vegetative cover and deep binding roots will slow the rate of recession.  Bank 

stability of Bomaderry Creek, Abernethy’s Creek and Broughton Creek is expected to improve with 

vegetation enhancement as fluvial scour is not as severe.  Effective weed management will also be 

necessary to ensure native species can successfully establish.  Finally it is recommended that Manildra 

develop and implement a Vegetation Management Plan that outlines the strategic objectives and site 

specific measures.   
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1 INTRODUCTION 

The Manildra Group is proposing to increase its ethanol production capacity from 126 million litres per 

year to 300 million litres per year, at the Shoalhaven Starches factory located on Bolong Road, 

Bomaderry NSW.  The proposed increase in production will assist with meeting the anticipated increase 

in demand in response to Federal and NSW Government initiatives to encourage the use of ethanol as 

a fuel additive.   

The Manildra Group has commissioned Cowman Stoddart Consultants to prepare an Environmental 

Assessment in accordance with the requirements of a Part 3A Major Project under the Environmental 

Planning and Assessment Act 1979.  Coffey Environments Pty Ltd (Coffey Environments) has been 

commissioned to undertake the riparian assessment and riverbank stability assessment to fulfil the 

Director General’s Requirements.    

The Shoalhaven Starches factory site is situated between the Shoalhaven River and Bolong Road and 

is within close proximity to Bomaderry Creek and Abernethy’s Creek.  The Environmental Farm is 

located on the northern side of Bolong Road.  The farm boundary near Pivot No.7 abuts Broughton 

Creek for approximately 3.6km.  Figure 1 shows the study area.  

 

1.1 Scope 

The following tasks were undertaken as part of this investigation: 

� Literature review to identify the issues regarding riparian management and bank stability 

associated with the proposed expansion, and to clarify the legislative requirements 

regarding riparian corridor widths and management regimes 

� Site visit to inspect existing riparian zones including geomorphic and ecosystem 

characteristics and consult with relevant site personnel 

� Analysis of information collected during the literature review and site visit to indentify 

riparian areas likely to impacts by the development, existing riparian areas requiring 

stabilisation through revegetation, and riparian corridor widths and proposed management     

This report provides the following: 

� A description of existing ecosystem and geomorphic processes occurring on the site 

� A description of the current condition of riparian zones on the site and compliance with 

RCMS Guidelines 

� A description of the potential impacts associated with the proposed expansion 

� Recommendations for riparian corridor management, including widths to support bank 

stability and ecosystem processes 



 

Coffey Environments 
ENVIUNAN00111 AB-R01 
16 April 2008 

4 

2 LEGISLATION AND GUIDELINES 

2.1 Water Management Act 2000 

The Water Management Act 2000 (WMA) bought into effect in February 2008 the provision for 

controlled activities for certain types of developments and activities carried out in or near a river, lake or 

estuary.  The purpose of WMA 2000 is to provide sustainable, integrated and comprehensive 

management of NSW State waters and a guide for water management activities (DNR, 2008).   

The NSW Dept. of Water and Environment (DWE) administers WMA 2000 and has developed 

guidelines to assist applicants considering carrying out a controlled activity on waterfront land.  The 

guidelines provide information on the design and construction of controlled activities and other 

mechanisms for the protection of waterfront land, including: 

� In-stream works 

� Laying pipes and cables in watercourses 

� Outlet structures 

� Riparian Corridors 

� Vegetation Management Plans 

� Watercourse crossings 

 

2.2 Riparian Corridor Guidelines for Controlled Activities 

DWE is required to assess the impact of a controlled activity to ensure that there will be minimal impact 

on waterfront land.  The guidelines (DWE, 2008) define three riparian corridor zones that should be 

considered when determining appropriate riparian corridor widths for a controlled activity: 

1. A Core Riparian Zone (CRZ) is the land contained within and adjacent to the channel. The 

Department will seek to ensure that the CRZ remains, or becomes vegetated, with fully 

structured native vegetation (including groundcovers, shrubs and trees). The width of the CRZ 

from the banks of the stream is determined by assessing the importance and riparian 

functionality of the watercourse (Table 1), merits of the site and long-term use of the land. 

There should be no infrastructure such as roads, drainage, stormwater structures, services, etc. 

within the CRZ. 

2. A Vegetated Buffer (VB) protects the environmental integrity of the CRZ from weed 

invasion, micro-climate changes, litter, trampling and pollution. There should be no 

infrastructure such as roads, drainage, stormwater structures, services, etc. within the VB. The 

recommended width of the VB is 10 metres but this depends on merit issues. 

3. An Asset Protection Zone (APZ) is a requirement of the NSW Rural Fire Service and is 

designed to protect assets (houses, buildings, etc.) from potential bushfire damage. The APZ is 

measured from the asset to the outer edge of the vegetated buffer (VB). The APZ should 

contain cleared land which means that it can not be part of the CRZ or VB. The APZ must not 

result in clearing of the CRZ or VB. Infrastructure such as roads, drainage, stormwater 

structures, services, etc. can be located within APZs. 
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DWE recommends riparian corridor widths for controlled activates be based on watercourse order with 

consideration given to the merit of the site and any impacts of the proposed activity.  DWE specified in 

the DG’s Requirements for the Shoalhaven Starches Ethanol Plant expansion that watercourse 

classification and corridor widths are based on the Riparian Corridor Management Study (RCMS) 

Guidelines developed by the former DIPNR (2004).   

   

2.3 Riparian Corridor Management Study Guidelines 

The RCMS Guidelines provides a stream classification system to identify minimum riparian corridor 

widths along watercourses.  This body of work was initially developed for the Wollongong LGA.  The 

RCMS process has since been widely adopted and applied to the Northwest and Southwest growth 

centres, other LGAs and land release sites, and in the Riparian Corridor Guidelines for Controlled 

Activities of WMA 2000.   

The stream classification system of the RCMS process incorporates three categories that reflect the 

environmental significance of watercourses.  The purpose of each category and minimum riparian 

widths are as follows: 

1 Category 1 – Environmental Corridor 

Purpose; to protect and enhance ecological connectivity between key remnant native 

vegetation within and between catchments and achieving all four key objectives 

Minimum width; a CRZ of 40m (measure from top of bank) along both sides of the watercourse 

and a 10m vegetated buffer zone 

2 Category 2 – Terrestrial and Aquatic Habitat 

Purpose; to provide for a viable and robust node or reach of riparian habitat (both aquatic and 

terrestrial) that would achieve key objectives one, two and three 

Minimum width; a CRZ of 20m (measure from top of bank) along both sides of the watercourse 

and a 10m vegetated buffer zone 

 

3 Category 3 – Bank Stability and Water Control 

Purpose; recognises the critical role of riparian vegetation for stabilising the bed and banks of 

watercourses and filtering catchment run-off and the contribution of this to overall catchment 

health and retention of land, thus achieving objectives one and two 

Minimum width; a CRZ of 10m (measure from top of bank) along both sides of the watercourse 

with no requirement for a buffer zone. 
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2.4 Shoalhaven Local Environmental Plan  

The frontage of Bomaderry Creek and Shoalhaven River to the confluence with Abernethy’s Creek has 

been zoned 7(f3) Environmental Protection Foreshores Protection Zone (Amendment No.171).  The 

purpose of the amendment is to:  

Acknowledge the importance of establishing an adequate 

riparian buffer adjoining Bomaderry Creek and Shoalhaven 

River by zoning an appropriate area Environmental Protect 

(F3)(Foreshores Protection) zone under the City of 

Shoalhaven Local Environmental Plan 1985.  

The objectives of zone 7(f3) are: 

(a) to protect the foreshore environment and the visual 

amenity; and 

(b) to protect water quality and the ecological values of 

estuaries and coastal streams 

Development consent is required for all developments within the zone and only those development 

purposes pertaining to: 

Agriculture; caravan parks; dams; drainage; dwelling-

houses; forestry; golf courses; home activities; public 

reserves; roads; utility installations (other than gas 

holders or generating works) 

All other development purposes are prohibited under SLEP. 
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3 METHODOLOGY 

A site assessment of the riparian zones at the factory and the environmental farm was undertaken to 

assess the likelihood that the proposed expansion may adversely impact on riparian health and bank 

stability, and provide recommendations for remediation and bank enhancement where appropriate.  The 

site assessment was carried out by two Coffey personnel who were accompanied by the Environmental 

Officers for both the Factory site and Environmental Farm.   

The site assessment was conducted in on the 13
th
 March 2008. Winds were light to moderate from the 

north northwest at 17 knots in the morning turning to the east at 17 knots in the afternoon (BoM, 2008).  

It did not rain on the day of the assessment and the Shoalhaven River was not in flood.  The most 

recent heavy rainfall occurred approximately 3 weeks prior with 188.8mm falling in the week ending 9
th
 

February.       

Information collected during the site assessment was analysed using a checklist procedure based on 

the riparian assessment guidelines outlined by Dept. of Water and Environment.  The checklist provided 

a qualitative means of assessing the health of riparian vegetation and identifying areas prone to bank 

instability.  This information provided a basis on which recommendations have been made to improve 

riparian health and manage bank recession.   
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4 GEOMORPHOLOGY  

The site is situated on an active floodplain with small levees, minor depressions and backwater swamps 

on alluvium deposits.  The Soil Landscape Series Sheet 9028 (1993) Kiama indicates the floodplain 

landscape is level to gently undulating along river beds and banks with flat to gently undulating terrace 

surfaces along the Shoalhaven River.    

 

4.1 Natural geomorphological processes 

4.1.1 Flow characteristics  

Shoalhaven floodplain is 6-10km wide, with minimal relief (approximately 5m with slopes of less than 

3%).  Stream morphology and ecosystem characteristics are strongly influenced by changing flow 

direction as a result of tidal saltwater inputs and freshwater inputs after rainfall events.      

Shoalhaven River  

The factory site abuts Shoalhaven River, which is characterised by small narrow terraces with a relief of 

approximately 2-5m.  Spatial variation was uniform with a steady laminar flow and minimal surface 

roughness.  At the time of the assessment the River was not in flood and wind shear was minimal, 

giving a slight ripple effect on the surface of the river.  Water inflows were recorded between the factory 

and river at 0.45m, indicating a presence of infiltration and interflow through the soil profile to 

groundwater.   

Bomaderry Creek 

Bomaderry Creek flows through the township of Bomaderry and Nowra North before converging with 

Shoalhaven River adjacent to the factory site.  Spatial variation was uniform with a steady laminar flow.  

The top of the bank ranged between 1-3m from the surface.  Water inflow was recorded at 0.45m at the 

nearest borehole (CBH100) located between the existing Coal Pit and Bomaderry Creek. 

Abernethy’s Creek 

Abernethy’s Creek passes through the factory site before it converges with Shoalhaven River. It has 

been previously dredged and channelled and resembles an open drain, with hardened sections within 

the factory site.  Bank heights range between 1-3m.  Spatial variation was uniform with a steady laminar 

flow, although it may become turbulent during heavy rainfall as there large rocks present in the 

streambed.  Water inflow was detected at 2.2m.   

Broughton Creek 

Broughton Creek forms the eastern boundary of the Environmental Farm over a distance of ~3.6km.  

This section exhibits the typically characteristics of an active meandering stream in alluvial floodplain 

deposits including scouring and deposition on meanders, and evidence of meander cut-offs within the 

stream network.  Spatial variation was uniform with a steady laminar flow and bank heights ranged 

between 0-3m.  
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4.1.2 Bank erosion and deposition 

Bank erosion is related to two major types of processes: fluvial entrainment and the weakening and 

weathering of bank materials which enhance the potential for mass wasting (Ritter et al., 2002).  The 

weakening and weathering of bank materials is accelerated by the lack of vegetative cover and binding 

root systems generally associated with structurally diverse ecosystems. Much of the floodplain, 

particularly in and around the factory site and environmental farm, has been previously cleared for 

pasture and dairy farming. Therefore natural bank erosion and deposition is likely to have been 

influenced by human activities for some time.   

The floodplain is subject to scour, sheet and rill erosions during floods and may be covered by varying 

depths of alluvial materials as the floodwaters recede.  Minor stream bank recession and bank collapse 

was common, particularly in areas where vegetation has been removed. Bank materials would be 

transported down stream and either deposited in the mouth of the estuary or carried out to sea during 

high rainfall and flood events.   

Sediment deposition in Shoalhaven River occurs on the upstream side of Pig Island, adjacent to the 

factory site.  The historical aerial photos provided below (Plates 1 to 4) show how the spit of Pig Island 

has changed over the past 50 years.  Deposition in this area has created deeper channels along the 

edges of the Shoalhaven River, encouraging scouring of the riverbank.  It is likely that recent bank 

recession and collapses on the northern bank is attributable to the removal of native riparian vegetation 

for the construction and operation of the factory site in conjunction with the aforementioned scouring 

process. 

As the provision of appropriate foreshore riparian zones and setbacks were not implemented during 

construction of the factory, bank stability has been undermined along Shoalhaven River, and 

Abernethy’s and Bomaderry Creeks.  Poor site planning, lack of riparian buffers, weed infestation, 

inappropriate plantings, reduced vegetation quality and cover, and channelling works, in addition to 

natural scouring, are all likely to have contributed to riverbank recession in and around the factory site.  

Broughton Creek is located adjacent to the environmental farm. Broughton creek is a natural 

meandering stream traversing the Shoalhaven floodplain.  Meander cut-offs were identified in the 

stream network, indicating significant entrainment and deposition associated with relatively frequent 

flood events (approximately twice a year) over a prolonged period of time. Due to the low lying nature of 

the landscape, some meander cut-off currently exhibit characteristics normally associated with saline 

wetlands. The aerial photos provided below illustrate how Broughton Creek has shifted over the past 50 

years.   

Abernethy’s Creek has been significantly modified in the past as a flood mitigation measure and in more 

recent years to increase the angle and promote rapid stream flow from Shoalhaven Council’s waste 

treatment plant to Shoalhaven River.  The creek has been channelled and straightened, and 

periodically dredged.  Council recently authorised the removal of a section of riparian vegetation to 

access the creek and carryout dredging operations.  Consequently, the bank has been undercut along 

the water surface due to the lack of a binding root structure.   

 



 

Coffey Environments 
ENVIUNAN00111 AB-R01 
16 April 2008 

10 

4.1.3 Soil Profiles 

The Shoalhaven floodplain is characterised by a complex soil pattern as a result of natural scouring and 

alluvial deposition.  Alluvium consists of gravel, sand, silt and clay derived mainly from sandstone and 

shale overlying buried estuarine sediments (Hazelton, 1993).   

Dominate soil materials include fine sandy loam to sandy loam and fine sandy clay to sandy clay in 

topsoil, over sandy clay and light to medium clay to heavy clay.  Soil material deposition sequences 

include levees and lower terraces up to 100cm in depth, upper terraces up to 150cm in depth, and point 

bar alluvial deposition up to 100cm.   

Acid Sulphate Soils (ASS) are present in the subsoils of the floodplain, including areas on the 

Environmental Farm.  ASS has been released by previous channelling of floodplain watercourses by 

Shoalhaven City Council.   During non-flood events, ASS is contained to specific watercourses by non-

return floodgates. Although, it is likely that ASS were exposed when Abernethy’s Creek was channelled 

and straightened, it is not considered to be an issue at present.       

As part of the Preliminary Environmental Site Assessment and Geotechnical Investigations carried out 

in 2003 and 2008 respectively, numerous boreholes and test pits have been drilled on the factory site to 

assess localised soil profiles and the underlying geology where applicable.  No boreholes or test pits 

have been established on the Environmental Farm near Broughton Creek. 

Shoalhaven River  

Alluvium consisting of grey fine to medium clayey gravel with medium plasticity and traces of fine 

grained sand, over brown-red silty sandy clay.  Soils were wet and water inflow was reached at 0.45m.   

Bomaderry Creek  

Alluvium consisting of dark brown silty clay of medium plasticity with traces of rootlets, decreasing in 

plasticity at 0.7m and turning to orange and brown mottled silty clay of high plasticity at 3.3m.  Soil 

moisture was low in the upper profile, reaching plastic limit at 3.3m.   

Abernethy’s Creek  

Alluvium consisting of fine to course grained sand with traces of medium grain gravel (reworked 

topsoil), over silty sand to 1.5m.  The B horizon consists of clayey silt with low to medium plasticity, with 

traces of rootlets and an odour of sulphur at 2.2m, and holes for bio-turbation at 3m.  Soil moisture 

increased with depth with water inflow at 2.2m and plastic limit was reached at 3m.    

 

4.2 Geomorphological discontinuities 

Natural geomorphic processes in the Shoalhaven floodplain have been influenced by human settlement 

and activities since settlement.  The floodplain and estuary has number of urban settlements, including 

the city of Nowra.  Human activities include agriculture (primarily dairy farming), tourism, defence, and 

industry.  Given the nature of land use on the floodplain there are numerous geomorphic discontinues 

affecting stream flow and geomorphic processes, water quality, aquatic ecosystems and riparian health.   
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Discontinues identified in the general vicinity of Shoalhaven Starches include structural diversions such 

as the Princes Hwy bridge/s, recreational boat ramps and jetties; stormwater outlets associated with 

urban areas and light industry; and dredging and channelling activities.  Further afield, discontinues 

such as Tallowa dam may affect entrainment and deposition downstream near the factory site.   

The site visit revealed a number of discontinues directly associated with the factory and environmental 

farm, including: 

� Stormwater outlets and open drains into all waterways 

A significant portion of the factory site is bunded to prevent stormwater infiltration into 

waterways 

� Discharge outlets and jetty formation on Shoalhaven River 

Flow rates for the two gantry outlets into Shoalhaven River (Plates 5 and 6) 

� Walkway bridges over Abernethy’s Creek  

� Culvert discharging into Abernethy’s Creek (Plate 7) currently bunged with a knife valve 

� Periodic Dredging of Abernethy’s Creek 

� Footings of vehicle access and footbridges in Abernethy’s Creek  

� Three floodgates installed along Broughton Creek to prevent contamination from upstream 

waterways and flood channels affected by ASS  
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5 EXISTING RIPARIAN HEALTH 

5.1 Vegetation  

Much of the remnant vegetation on the site had been removed prior to the development of the factory 

and environmental farm to make way for agriculture, particularly dairy farming.  It is most likely that the 

site was previously covered by at least two vegetation formations: Forested Wetlands and Saline 

Wetlands.  The vegetation classes for these formations would have been Coastal Swamp Forest and 

Mangrove Swamps respectively.   

5.1.1 Buffer zones 

Healthy, vegetated riparian habitat is essential to the natural ecological functioning of associated 

watercourses.  Riparian and riverine ecosystems function in an integrated fashion, whereby 

impoundment, channelisation and diversion of a watercourse may influence the hydrological qualities of 

the riparian ecosystem and bank stability.  Similarly, impacts to the riparian ecosystem such as 

vegetation clearing and stock grazing can cause erosion of stream banks and enlargement of channels, 

thus influencing the functionality of the riverine ecosystem (National Research Council, 1992).     

A key factor in conserving the integrated functionality of riparian and riverine ecosystems involves 

maintaining, or establishing, a healthy and adequate vegetated corridor.  Guidelines for riparian 

corridors in NSW have been developed under the WMA Act 2000 and are dependent on stream order 

classification (refer to Sections 2.2 and 2.3).  

As part of the DG’s Requirements, DWE classified the watercourses that are adjacent to, or traversing 

the Shoalhaven Starches factory site and environmental farm and provided recommended CRZ and 

vegetated buffers, outlined in Table 1.   

Table 1: Watercourse classification and recommended buffer zones 

Watercourse Category Recommended CRZ 
Recommended 

Vegetated Buffer 

Shoalhaven River Cat 1 40m 10m 

Bomaderry Creek Cat 1 40m 10m 

Broughton Creek Cat 1 40m 10m 

Abernethy’s Creek Cat 2 20m 10m 

 

The existing riparian buffers were calculated from satellite imagery. Distances were taken at 

approximate 100m intervals or where significant changes were apparent.  The results are provided in 

Table 2 and are indicative of the width of the canopy of the riparian zone only and not understory cover.  

Vegetation health including structural and floristic diversity, tree maturity and weediness was assessed 

during the site visit and is discussed in detail in the following section. 
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Table 2: Existing riparian vegetation  

Watercourse Category  

Span of 

riverbank (m) 

* 

Max 

width 

(m)  

Min 

width 

(m)  

Avg 

width 

(m) 

Span of riparian veg ≥ 

recommended CRZ (m) 

Shoalhaven River Cat 1 920 91 0 32 98.4 

Bomaderry Creek Cat 1 509 91 11 33 72.5 

Broughton Creek Cat 1 3600 70 0 19 312.6 

Abernethy’s 

Creek 
Cat 2 425 3 0 - 0 

* Total distance (m) of riverbank that is adjacent to or traversing the site 

The existing core riparian zones and vegetated buffers for all the above watercourses do not meet the 

recommendations provided by DWE along the majority length of each riverbank.  The difference 

between existing riparian vegetation and the recommended buffer zones is shown in Figures 2 and 3.  

5.1.2 Vegetation condition  

The condition of riparian areas of each waterway was assessed during the site visit.  Between two and 

four sites were chosen along each waterway for a qualitative assessment of vegetation condition.  The 

assessment of Bomaderry Creek was limited due to the density of the undergrowth, which prevented 

easy access to the top of the bank and the waters edge. 

Shoalhaven River  

The vegetation fronting Shoalhaven River to the confluence with Abernethy’s drain consists of a number 

of mature remnant trees such as Eucalyptus botryoides and Casuarina glauca.  Further downstream, 

the bank and upper bank is dominated by opportunistic colonisers, primarily coral trees Erythrina x 

sykesii that have established over the past 20-50 years (Plate 8). Three areas were devoid of a canopy: 

the outside bank edge at the mouth of Bomaderry Creek, the area near the No.1 Dog Dryer, and the 

engineered rock wall.  Manildra Group has revegetated the riparian zone around the cooling towers with 

overstorey species, although no understory enhancement measures have been undertaken.     

Overall canopy demonstrated low floristic diversity and poor canopy structure along the river frontage.  

The canopy above 10m consisted of a few mature native trees along the upper bank between the 

confluence of Bomaderry Creek and Abernethy’s Creek.  These trees accounted for ~5% of foliage 

projective cover (FPC) along the riparian zone.  A low shrubby canopy (3-5m) was present behind the 

bank edge consisting of Black wattle Acacia mernsii and Casuarina glauca, with some revegetated 

areas adjacent to the cooling towers.  The shrubby canopy accounts for 95% FPC, while the 

revegetated area possibly accounts for 15% FPC.   

The midstorey was either absent or dominated by exotic species, particularly Lantana camara.  
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The groundlayer ranged from 100% to less than 5% cover depending on the overlying canopy 

composition. Along the river bank, exotic pasture species dominated, whereas under the denser 

shrubby canopy the groundlayer was generally absent.  In the areas that had been revegetated the 

groundlayer consisted of exotic pasture species.   

Mature remnant trees along the River frontage were generally confined to the western section and 

ranged in age between 30-70 years.  No significant hollows were detected during the site walkover.  

The remaining vegetation (shrubby canopy) appeared to be between 7-15 years old.  No seedlings of 

canopy species were located indicating minimal natural recruitment is occurring.   

The lower stratums have been subject to significant weed infestation with up to 20% of the midstorey 

and groundlayer consisting of exotic species.   

Bomaderry Creek 

A number of mature remnant trees were recorded along Bomaderry Creek to the confluence with the 

Shoalhaven River.  The lower stratums fronting Bomaderry Creek is highly modified and has significant 

weed infestation.  Lantana dominated the midstorey and groundlayer space with up to 100% FPC in 

some areas (Plate 9).  Access to the river frontage was restricted due to the thick weedy midstorey 

layer.   

The mature canopy trees greater than 10m were evenly spaced or clumped along the upper bank edge.  

These trees accounted for ~20-25% FPC.  A low shrubby canopy (3-5m) was present behind the bank 

edge which accounted for ~95% of FPC where it was encountered.  Overall the upper and lower 

canopy demonstrated moderate floristic diversity and poor to moderate canopy structure.   

The midstorey was lacking in native species due to densely growing weed species including Lantana, 

African Boxthorn Lycium ferocissimum, Blackberry Rubus fruticosus, Asparagus asparagoides, Large 

Leaf Privet Ligstrum lucidum and Small Leaf Privet Ligstrum sinense.  In several areas Lantana made 

up 100% FPC, while in others other weeds competed for midstorey and groundlayer space.     

The groundlayer ranged from <5% to 100% cover depending on the overlying canopy composition.  

Along the riverbank, weed species dominated, whereas under the dense shrubby canopy the 

groundlayer was generally absent.  The groundlayer in areas along the steep embankment, which 

possessed of a moderately natural canopy, consisted of ~30% bare soil and 30-50% FPC by weed 

species.  A few native species were present, however, overall native floristic diversity was considered 

poor.   

The remnant mature trees were generally ~30-70 years old.  No significant hollows were detected.  The 

lower stratums appeared to be between 7-15 years.  Several seedlings of XXXX (native species) were 

located indicating some unassisted regeneration of the canopy was occurring.     

Abernethy’s Creek 

The riparian area fronting Abernethy’s Creek has been either cleared of vegetation or highly modified by 

human activities and/or weed infestation.  The central portion is landscaped using non-indigenous 

native tree species.  The southern portion has undergone recent attempts to revegetate with endemic 

species with partial success.  The northern portion on Shoalhaven Starches property has recently been 

cleared by Shoalhaven City Council in order to dredge the streambed and relieve upstream flooding.  

Revegetation has not been undertaken and natural recruitment has thus far been dominated by weed 

species. 
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No mature remnant trees or shrubby canopy species were recorded along the creek line.  The 

midstorey structure was very poor and limited to some low shrubby weed species (Lantana) and 

previously planted native trees such as Casuarinas in competition.  Floristic diversity of native flora was 

very low with weed species outcompeting native species, particularly in the southern section where 

exotic climbers were strangling planted trees.  

The groundlayer was dominated by exotic perennial shrubs and vines or exposed earth (Plate 10).  

Broughton Creek 

The majority of riparian vegetation along Broughton Creek has been previously cleared for pastoral 

agriculture and dairy farming.  A thin discontinuous edge of riparian vegetation remains.  This edge 

exhibits a patchy distribution of Saline Wetlands formation (Mangrove Swamp) which is listed under 

SEPP No.14 Coastal Wetlands, with minor saltmarsh components.  There were also some remnant 

Forested Wetland (Coastal Swamp Forest) components which at times were contiguous with other 

remnants.  Riparian works undertaken by Manildra including the establishment of a ‘hot’ wire to fence-

out stock located with the area, minor planting to promote mangrove (Avicennia marina) establishment 

and stabilise eroding banks.   

The canopy on the upper bank greater than 10m in height consisted of mature isolated or stands of 

Eucalypts, providing <5% to 30-40% FPC.  There were also discontinuous stretches of mangrove 

swamp along the lower stream bank (Plate 11).  These lower areas were dominated by mangrove 

canopy which accounted for ~50-65% FPC.  Floristic diversity was high in areas where a canopy 

existed.  In comparison, diversity on exposed banks that were actively eroding was found to be very 

poor. 

The midstorey was dependent on the depth of transect which varied considerably along the creek 

frontage (0-70m).  Those areas were the depth of riparian vegetation was equal or greater than 10m 

displayed moderate to high structural and floristic diversity.  Areas possessing only single trees or small 

clumps along actively eroding banks displayed little or no native midstorey development, with 

occasional low shrubby weeds present (Plate 12).  A few shrubby weed species were encountered in 

areas of mature trees on the upper bank.  Areas of relatively diverse vegetation had been invaded by 

exotic climbers which appeared to be increasing in numbers.    

Large areas along the creek frontage were dominated by the exotic pastoral perennial Kikuyu grass 

Pennisetum clandestinum up to 1m in height.  In areas with good canopy structure, the groundlayer 

consisted of clumping perennials, low shrubs and herbaceous/grassy species.  These areas were 

considered to have relatively high structural and floristic diversity, important representative components 

of Mangrove Swamp and Coastal Floodplain Wetland communities. Exposed earth was evident in areas 

undergoing period inundation, and on the face of eroding banks.   

The canopy species consisted of a few E. botryoides and E. botryoides x salinga, although the 

presence of seedlings indicated natural recruitment of casuarinas mangroves only.  Similarly, mature 

specimens of Melaleuca stypheliodes and M. linariifolia were identified without any indications of 

recently recruited seedlings.  This is most likely a result of the dominate Kikuyu grass on most areas of 

the upper embankment.   
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5.2 Bank Stability 

The major cause of erosion occurring on site is from fluvial scour, a natural geomorphic process within 

an active floodplain.  Fluvial scour on site has been amplified by the lack of healthy, diverse and 

contiguous riparian vegetation along the foreshore of each waterway.  Bank stability is also influenced 

by surface gradients, soil type, and surface drainage characteristics of the factory facilities.   

The factory site is bunded and the majority of stormwater runoff from hardened areas is captured and 

diverted to the Environmental farm or discharged into Shoalhaven River.  Consequently the volume of 

water entering Shoalhaven River, Bomaderry Creek and Abernethy’s Creek via surface flows is 

controlled.   

Shoalhaven River 

The bank of the River adjacent to the factory has a known history of recession (Cowman Stoddart, 

2007).  The factory is located on the terraced bank of Shoalhaven River and is therefore subject to 

natural scouring and channel expansion.  An appropriate foreshore setback and riparian buffer zone 

was not implemented during the construction of the existing facility, and the existing vegetation has 

been significantly modified as a result.    

A recent bank collapse occurred along a small section of the River adjacent to No.1 Dog Dryer.  Given 

the proximity of the bank to the factory, immediate engineering remediation was carried out.  A stepped 

rock wall was constructed to breach the receded area (Plate 13).  Vegetative cover on the bank behind 

the wall is dominated by Kikuyu grass, which would limit the successful establishment of native species.   

The riparian zone between Abernethy’s Creek outflow and the eastern boundary of the property ranges 

from between 1-3m from the top of the bank and is dominated by mature Coral trees (refer to Plate 8).  

The lifecycle of this species greatly undermines bank stability as it spreads readily vegetatively via 

coppices and suckers.  The wood is very weak and breaks easily. This encourages greater spread, 

allowing the species to outcompete native species, and exposes the river bank to erosive process.  

Sections of the foreshore dominated by Coral trees are of particular concern for bank erosion and 

failure, especially as the distance between the river and the factory is minimal.    

Evidence of further bank erosion was recorded near the Slurry Plant and Grain Processing Plant.  In 

both areas a small section of the upper bank had ‘sunk’ or ‘blown out’ within 1-2 of the edge.  Tensile 

cracking on the upper bank (Plate 14) was evident near the new rock wall.  It is likely the bank directly 

behind the rock wall is now stable.  However the bank on either side is prone to recession due to the 

lack of binding deep rooted vegetative cover and the eddying effect created by the wall.  

The foreshore of Shoalhaven River between the convergences of Bomaderry Creek and Abernethy’s 

Creek has less weed infestation and greater floristic and structural diversity, with small stands of mature 

Eucalypts. Nevertheless, evidence of bank erosion in the form of undercutting and slumping was 

recorded, particularly in areas where diverse understorey and groundcover species were absent and 

the bank is exposed.  Plate 15 illustrates the extent of undercutting and recession in this area where the 

lower stratums were dominated by one or two weed species, such as Kikuyu grass and Lantana.    

Surface runoff from the flat area where the proposed new facilities were being assembled has resulted 

in shallow gully erosion (1cm deep by 2-3m wide) in the area adjacent to the proposed new cooling 

tower.  Evidence suggests the surface runoff is cutting back into the riparian bank.  At present this is 

minor however it has the potential to increase over time.    
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Bomaderry Creek 

The majority of the upper bank of Bomaderry Creek was dominated by dense thickets of impenetrable 

Lantana.  Access to the bank edge was limited to one area as a result.  A number of mature casuarinas 

and acacias were present on the bank down to the waters edge (Plate 16).  The understorey and 

groundlayer, where present, was dominated by weed species including Lantana, Kikuyu grass and 

African Boxthorn.  Evidence on a previously felled tree indicates bank undercutting and scouring may 

be occurring on the lee side of each meander.   

Further downstream near the convergence with Shoalhaven River, the riparian zone becomes more 

open.  Near the mouth of the Creek, Kikuyu Grass dominates and there is little overstorey.  A ‘sandy’ 

edge has developed on the eastern side of Bomaderry Creek were it meets Shoalhaven River, 

indicating sediment deposition is occurring.  Notwithstanding, tensile cracking near the bank edge was 

recorded in this area.  Further cracking is likely given the lack of vegetative cover and exposure to the 

mechanics of wetting and drying, particularly during flood events.   

A surface water outflow was identified in the area near the electrical easement, north of the proposed 

gas-fired co-generator.  This area receives runoff from the western plan and showed evidence of 

sediment trapping using emplacement of hay bales.  Under heavy rainfall, this area may be prone to 

minor surface erosion.   

Abernethy’s Creek 

The riparian zone of Abernethy’s Creek is in very poor condition.  The upper section, directly 

downstream of the Council operated waste water treatment plant was recently dredged to minimise 

upstream flooding.  In order to access the stream bed the vegetation on the western edge was 

removed.  As shown in Plate 17 undercutting of the bank has occurred to a much greater extent than 

the eastern side of the creek.  Revegetation has not yet been commissioned due to the unresolved 

issue of ownership of the problem.  Natural recruitment is occurring with weed species dominating re-

growth.   

The central section of the Creek is dominated by weed species, where present, with large patches of 

exposed earth along both sides of the bank.  Medium sized rocks have been placed along the waters 

edge to minimise erosion with some success (refer Plate 10).  Some bank hardening has been 

undertaken around the footings of the footbridges that have been constructed.  These footings have 

provided opportunity for deposition of sediment and debris carried downstream during high flows and 

flood events.  Further, eddying upstream of these deposits has been causing minor channel expansion.   

The lower section of Abernethy’s Creek is funnelled into a drain discharging into Shoalhaven River.  

The bank has a high diversity of introduced species with areas of thick weedy undergrowth that limited 

access to the bank edge (Plate 18).  

Broughton Creek 

During the investigation several areas were identified where erosion and bank failure had occurred. 

Areas of failure were generally consistent with riparian zones lacking structural and floristic diversity, 

and occurred on the long edge of the meander bend.  The major cause of erosion and bank failure is 

from fluvial scour, a natural geomorphic process within an active floodplain that has been amplified by 

the lack of healthy, diverse and contiguous riparian vegetation along the foreshore of Broughton Creek.   
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The unfenced Creek frontage is utilised for high ground grazing during flood events, approximately 

twice a year.  This area has very little riparian vegetation with a few juvenile eucalypts and casuarinas, 

no understorey species and a groundlayer dominated by Kikuyu grass, which is periodically slashed.  

Tensile cracking was common and one section of the bank had recently slumped (Plate 19). 

Furthermore, several young trees had been undercut and collapsed into the Creek (Plate 20). 

Further upstream, within the fenced area, a large Eucalypt had been undercut, falling into the creek 

(Plate 21).  The riparian zone in this area was limited to a few mature trees, scattered shrubs and 

extensive covering of Kikuyu grass.  The undercut tree was positioned on the pinnacle of the meander 

bend.  The exposed root system was bound with clayey soil and water was observed in the resultant 

space, indicating reduced shear resistant due to an unstable saturated clay horizon as the precursor to 

tree collapse.    

Soil slumping was also recorded where the fence traverses the ‘point’ of a sharp meander.  Although 

one side of this area is well vegetation with many mature trees and good floristic diversity in the lower 

stratums, the other side is dominated by Kikuyu grass with the occasional mature tree (Plate 22).  

Slashing does not occur and Kikuyu grass is approx 1m high.  The grass was too dense to identify 

tensile cracking.  However, evidence suggests the lower bank may be prone to undercutting due to the 

lack of binding root system, exposed earth and the position of the meander.   

A surface drainage channel was identified at the closet point between Pivot No.7 and Broughton Creek 

(Plate 23).  Pivot No.7 is enclosed by a swale approximately 0.3-0.5m in height, forcing irrigated water 

to infiltrate the surface.  As such the drainage channel is only likely to flow into Broughton Creek during 

periods of heavy and prolonged rainfall and flood events.  Conversely, its presence may allow saltwater 

to intrude into the upper riparian zone.  This exposed drain may be prone to erosive processes and 

salinisation.     

Areas of deposition along Broughton Creek adjacent to the Environmental Farm were identified as point 

bars on two major meanders.  The outside bank edge of these point bars are known areas of bank 

recession and failure due to the superelevated water surface as the water channels around the 

meander.  Given that Broughton Creek traverses the Shoalhaven floodplain for approximately 5km 

before discharging into Shoalhaven River it is likely that further deposition occurs downstream in areas 

not included in the site investigation.   

 

5.3 Compliance with RCMS Guidelines  

The Department of Water and Energy (DWE) undertook a desktop review and categorised all four 
waterways onsite in relation to RCMS Guidelines, as follows: 

Shoalhaven River Category 1 watercourse 

Bomaderry Creek Category 1 watercourse 

Broughton Creek Category 1 watercourse 

Abernethy’s Creek Category 2 watercourse 

The majority of riparian zones of all four waterways do not comply with RCMS Guidelines whilst they 

traverse / border the Shoalhaven Starches site.   
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The eastern section of Shoalhaven River and Abernethy’s Creek do not have the appropriate setbacks 

from the factory facilities and it is unlikely that an appropriate riparian zone can be established.   

The western section of Shoalhaven River and the lower section of Bomaderry Creek do have 

appropriate setbacks and revegetation / enhancement works may help improve the existing riparian 

vegetation. 

The riparian zone along Broughton Creek does, in a few places, meet the 40m CRZ requirement and 

10m buffer zone.  The existing riparian vegetation is not contiguous and quality varies significantly.  

Notwithstanding, adequate setbacks are available along the length of the Creek frontage.   
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6 PROPOSED EXPANSION 

The proposed expansion includes an upgrade to the existing ethanol plant (shown in Figure 4), 

including: 

� The provision for an additional dryer for the starch / gluten production plant 

� Additional equipment and storage capacity for the ethanol plant including three additional 

fermenters, additional cooling towers and an additional molecular sieve 

� Upgrades to the Stillage Recovery Plant including five additional dried distillers Grains 

Syrup (DDGS) dryers, ten decanters and chemical storage, two evaporators, and the 

installation of a DDGS Pellet Plant 

� Establishment of a new packing plant and container loading areas including a new railway 

line spur 

� Establishment of a new anaerobic/aerobic pond system at the environmental farm to feed 

into the existing pond and irrigation scheme. 

The proposed expansion will increase the overall production capacity if the starch plant, grain plant, 

ethanol plant, stillage recovery and environmental farm, in addition to the providing a new packaging 

facility.   

Due to the close proximity of the factory site to Shoalhaven River, Bomaderry Creek and Abernethy’s 

Creek, the existing operations have impacted on the riparian zones were they exist, water quality and 

bank stability.   

Further, the current irrigation system on the environmental farm will be upgraded to an 

aerobic/anaerobic treatment plant.  Wastewater diverted to the environmental farm will be treated 

sequentially through anaerobic digestion and aerobic digestion systems located within the existing 

wastewater holding ponds.  Approximately half of the treated water will be diverted back to the factory 

an Australian Paper Mill for re-use and half will be irrigated on the Pivots of the Environmental Farm.   

The proposed volume of water that will be irrigated through the farm will be reduced to 4.7ML/d and the 

water quality is expected to improve with the implementation of the new digestion systems.   
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7 POTENTIAL IMPACTS 

7.1 Riparian zone  

The proposed expansion is likely to involve the removal of vegetation where the proposed gas-fired co-

generator has been sighted, which abuts the area zoned 7(f3).  The approximate area of vegetation that 

would be removed would result in the loss of a dense thicket of Black wattle.  This thicket is nearing the 

end of its lifecycle and is slowly being invaded be Lantana.  No other proposed facilities on the factory 

site have been sighted within the riparian zones and it is unlikely that any further removal of vegetation 

will occur for the construction and/or operation of these facilities.   

None of the proposed new facilities are located with the vicinity of Broughton Creek.  Consequently, 

further vegetation clearance along the frontage of Broughton Creek is unlikely.   The remaining riparian 

vegetation has been ‘hot’ wired for protection primarily against stock grazing.   

Given the prevalence of weed species in the riparian zones of each waterway, there is a high likelihood 

that weed infestations will increase in intensity and spread to new areas.  However, it is unlikely that the 

proposed new facilities will be a contributing factor.  Weed infestations are limited by dispersal rates 

and current site presence.  The potential for further incursions along the foreshore of Bomaderry Creek 

and Shoalhaven River from mature seed producing noxious weeds is high unless control measures are 

implemented.   

On the Environmental Farm the potential for weed species to recruit and establish is limited due to the 

extent and density of Kikuyu grass along the foreshore.  There is the potential for minor invasions of 

mature lantana, African Boxthorn and Privet in more floristic and structurally diverse areas.   

Water quality on the farm may be an issue that adversely impacts on ecosystem health in riparian 

zones.  The proposed aerobic / anaerobic pond system will increase the quality and reduce the volume 

of wastewater to be irrigated into the Pivot No.7.  Wastewater will be treated to a higher level and 

become available for reuse in the factory and in the Australian Paper Mill.  As a result the volume and 

quality of water infiltrating Pivot No.7 and flowing via subsurface pathways into Broughton Creek Should 

improve and is therefore not likely to further impact on riparian health 

 

7.2 Bank stability 

The proposed expansion within the scope of this report (outlined in Section 6 Proposed Expansion) is 

unlikely to impact further on bank stability within the Factory site and Environmental Farm.   

The site investigation revealed bank recession and failure was predominately a result of fluvial scour 

and was most prominent in areas impacted by fast flow direction changes and with reduced riparian 

health.  The proposed new facilities will not influence these fluvial processes.  Nevertheless, changes in 

soil moisture and engineered loads, and loss of further vegetation are all potential contributing factors to 

diminished bank stability.   
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Table 3 outlines the proposed facilities within close proximity to a waterway.  Given the factory is 

located on an active floodplain the position of these facilities may increase the loading on the alluvial 

soils.  The additional weight may cause the soil around the footings to bulge, which may undermine 

slope stability if it occurs within close proximity of a stream bank.  Further investigation will be required 

prior to construction of these facilities.   

Table 3: Proposed facilities close to a waterway 

Proposed facility  Waterway Approx. distance (m) 

Gas-fired co-generator Bomaderry Creek   20 

Chemical storage facility Abernethy’s Creek 10 

Dryer No.5 Abernethy’s Creek 15 

 

The existing Stormwater Management System has the capacity to integrate with the new facilities with 

the exception of the proposed packing plant, Raw-water Pipeline Route and Pond No.7 on the 

Environmental Farm (GHD, 2008).  Appropriate stormwater drainage will be constructed for these 

facilities.  It is therefore unlikely that the proposed facilities will result in an increase in impervious 

surfaces or surface run-off, and contribute to changing soil moisture conditions along stream banks.  So 

long as the integrity of bunds is maintained, stormwater collected within the factory site will be collected 

and diverted to either Shoalhaven River or the Environmental Farm for treatment (refer to the 

Environmental Management Report (GHD, 2008) for a full account of stormwater and erosion controls 

to be constructed onsite)  

The wetting and drying of soils along the banks of each waterway is therefore a consequence of rainfall, 

flooding, surface run-off outside the bunds, sub-surface flows, or from pipes located outside of the 

bunded areas.  These factors exist already and are not likely to increase in severity as a result of the 

expansion.  

Notwithstanding, the potential for bank instability leading to failure is present under current conditions 

as a result of fluvial scour, reduced ecosystem health and changing soil moisture conditions.  Areas 

prone to failure and the contributing factors are provided in Figures 5 and 6.  
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8 CONCLUSION 

The riparian zones of the four watercourses traversing or bordering the Shoalhaven Starches site are in 

poor condition due to inappropriate setbacks, weed infestation, inappropriate foreshore plantings (Coral 

trees), and widespread clearing.  With the exception of the ‘spit’ between Bomaderry Creek and 

Shoalhaven River and sections along Broughton, the vegetated riparian zones fail to meet the 

recommended buffer zones put forward by DWE.   

The onsite investigation revealed the overall condition of vegetation to be poor with low structural and 

floristic diversity, and a high prevalence of weed species along all four watercourses.  Remnant 

vegetation on Broughton Creek did exhibit good ecosystem diversity in some isolated areas.  Several 

noxious weeds were recorded and are expected to increase in intensity and spread without the 

implementation of control measures.   

Bank recession and failure was evident on Shoalhaven River and Broughton Creek.  Areas of recession 

were generally associated with fluvial scour on the long edge of the meander and amplified by poor 

vegetation health and weed infestation.  Slumping, undercutting and cracking was recorded, indicating 

further recession is likely.   

Given the degraded state of the riparian zones, it is unlikely that the proposed facilities will further 

impact on vegetation health or bank stability.  Nevertheless, further investigation into engineer loads of 

facilities within close proximity of stream banks may be necessary.  Furthermore, all new facilities will 

need to be incorporated into the existing bunds or have new bunds constructed. 

Bank stability for Bomaderry, Abernethy’s and Broughton Creeks should improve with the 

implementation of the recommendations provided in the following section.  Given the severity of fluvial 

scour occurring along Shoalhaven River, revegetation and enhancement is unlikely to prevent further 

failures, although it may slow the rate of recession.   
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9 RECOMMENDATIONS 

The major cause of erosion occurring on site is from fluvial scour, a natural geomorphic process within 

an active floodplain that has been amplified by the lack of healthy, diverse and contiguous riparian 

vegetation along the foreshore of each waterway.  It is unlikely that major revegetation works within the 

riparian zone will arrest bank recession occurring as a result of fluvial scour.  However, increasing 

groundcover and promoting binding root growth as close to the toe of the bank as close as possible 

may slow the rate of bank recession.  The success of revegetation as a means of stabilising areas 

prone to recession is dependant on the physiological ability of plant species to bind the soil.  Most large 

trees have a root system reaching up to 3m in depth and a lateral extension similar to the width of the 

crown.   

A species list for revegetation and enhancement works on all the above waterways has been provided 

in Table 4. Proust Bushland Services http://www.pbsregen.com.au/index.htm is a recommended bush 

regeneration contractor in the Shoalhaven area, others may also be available.   

Shoalhaven River 

The bank of Shoalhaven River ranges between 2-5m with steep slopes due to continuous fluvial scour.  

The eastern section of the foreshore does not have an appropriate setback and is dominated by Coral 

trees and other weeds which further undermine bank stability.  The effectiveness of revegetation works 

on the top of the bank will be limited by bank height as the root system of mature trees is unlikely to 

reach the watertable.  The slope, changing flow direction and weed infestation will limit the 

effectiveness of revegetation works on the bank.  Given the limitations, recommended actions for 

Shoalhaven River include: 

� Planting fast growing native species at the top of the bank to slow surface erosion and allow time 

for the establishment of slower, deep rooted trees which will act to protect the bank, in part, in the 

future 

� Planting deep native rooted trees behind the bank along the western section (between Bomaderry 

and Abernethy’s Creek) and enhancement of understorey and groundcover species, with particular 

focus on known areas of erosion     

Bomaderry Creek 

Bank stability along the frontage of the southern section is undermined by poor structural and floristic 

diversity, areas of exposed earth and weed infestation.  The bank ranges from 1-3m above the water 

surface and a number of large mature trees were recorded, indicating the presence of a binding root 

system potentially reaching the water table.  Enhancement measures to improve riparian health and 

bank stability, particularly in the southern section, include: 

� Planting mangroves on the lower bank and sandy sediments at the mean high water mark 

� Revegetation of the mid and upper bank with native species in conjunction with weed control 

measures (discussed below) 
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Abernethy’s Creek 

The riparian zone of Abernathy’s Creek is high degraded due to weed infestation and lack of an 

appropriate setback from the factory.  Bank stability in the upper section has been undermined by the 

removal of vegetation and bank erosion along the waterline was evident.  Tree planting along 

Abernethy’s Creek is problematic due to the lack of space and high modification associated with the 

factory, and prevalence of weeds.  Enhancement measures to improve bank stability and riparian health 

include: 

� Planting of canopy species at approx 5-10m intervals along the top of the bank, where possible 

� Weed suppression until canopy species are of sufficient size to ‘shade out’ weed species 

� Weed control measures to prevent further infestation (complete removal will most likely reduce 

bank stability in the short to mid term) 

� Revegetation of the western side of the creek, north of Bolong Rd, with native canopy, midstorey 

and groundlayer species 

� Effective dialogue will be required to reach an agreement with Shoalhaven City Council 

regarding ongoing access for dredging activities 

Broughton Creek 

Sections of Broughton Creek have been subject to bank scour due to superelevated water level and 

flow associated with the outside edge of meanders, and further amplified by poor structural and floristic 

diversity.  Unfortunately previous enhancement trails using mangroves have not been successful due to 

bank failure and burial of seedlings.  Bank height is estimated at average between 2-3m with an almost 

vertical slope.  Significant areas are covered with dense Kikuyu grass, which is likely to out-compete 

new plantings with continued maintenance.  Enhancement measures to slow ongoing erosion leading to 

bank stabilisation include: 

� Planting fast growing native shrub species along the bank and canopy species behind the bank in 

areas prone to bank failure (refer to Figures 5 and 6) 

� Spot controlling Kikuyu grass to provide adequate space for native species to grow 

� Widespread spraying of Kikuyu is not recommended as it would reduce the cover and bank 

stabilisation provided by this species  

Weed Management 

Extensive weed infestations were identified along all of the waterways bordering or traversing through 

the property including a number of noxious weeds listed under class 4 and 5 of the Shoalhaven Local 

Government Area.  Plans of Management for the control and eradication of class 4 weeds have been 

published by Council, and detail the following actions: 
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� Constant suppression of African Boxthorn and Blackberry 

� Suppression and removal of Large Leaf Privet and Small Leaf Privet from urban areas 

� Further clarification for privet identified onsite may be required to the zonings of 4(a) General 

Industrial and 7(f3) Environmental Protection Foreshores 

� Removal of Lantana where it supports local Council and Volunteers efforts  

The removal of African Boxthorn and Blackberry will be most effectively achieved by ‘spot’ spraying 

using appropriately registered herbicide due to the low number of individuals sighted throughout the 

sight.  The species was most prevalent in the riparian area of Bomaderry Creek.  Ongoing monitoring 

will be required to ensure control measures are effective and weed species have not re-established.    

Significant areas of lantana were identified onsite, with dense thickets recorded adjacent to Bomaderry 

Creek and in a number of locations along Broughton Creek.  It is recommended that some patches are 

removed to improve overall ecosystem health and allow the re-establishment of midstorey and 

groundcover species.  Removal of Lantana should be conducted in conjunction with understorey 

replanting and enhancement.   

Lantana is shallow rooted and unlikely to contribute greatly to bank stability.  The removal of Lantana 

from bank edges and slopes should allow deeper rooted native species the opportunity to establish and 

improve bank stability.  Lantana is easily removed by cutting and mulching back into the ground.  This 

method will provide some soil protection following weed removal to reduce both erosion and further 

weed infestation.   

Stock Exclusion 

Stock currently grazes a small section of foreshore along Broughton Creek during flood events (approx 

twice a year).  Current grazing distances range between 5 to ~15m from the mean high water mark.  It 

is recommended that a stock exclusion zone be established from the top of the bank to a minimum 

15m.  This would provide sufficient area for the development of a sacrificial fast growing edge and 

longer term establishment of larger canopy species for long term bank stabilisation.  In areas where 

15m exclusion is not possible, a small riparian zone should be established behind the bank to avoid 

browsing and trampling of newly planted species.   

Vegetation Management Plan 

A vegetation management plan (VMP) for the factory site and environmental farm should be developed 

to ensure riparian areas are managed appropriately and in accordance with strategic objectives.  The 

VMP should outline management zones and establish guidelines riparian management, focusing on the 

required actions to carryout the above recommendations.  In addition, the VMP should incorporate site 

specific measures relating to personnel access, weed management, incident management, ASS, 

surface drainage and erosion controls. 
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Table 4: Species list for revegetation and enhancement of riparian zones  

Bank Position Vegetation Layer Species 

Canopy 
Eucalyptus robusta, E. botryoides, E. amplifolia, E. tereticornis,  Casuarina 

glauca, Acacia mearnsii, Angophora floridunda 

Midstorey Myoporum acuminatum, Glochidion ferdinandi, Rapanea variablis 
Rear of Bank 

Groundlayer 

Lomamndra longifolia, Carex appressa, Gahnia clarkei, Dichondra repens, 

Centella asiatica, Tetragonia tetragonioides, Microlaena stipoides, Einadia 

hasata, Rhagodia candolleana 

Canopy 
Casuarina glauca, Acacia mearnsii, Acacia maidenii, Melalueca 

stypheliodes, M. linariifolia 

Midstorey 
Myoporum acuminatum, Glochidion ferdinandi, Rapanea variablis, Gahnia 

clarkei 
Top of bank 

Groundlayer 

Lomandra longifolia, Carex appressa, Gahnia clarkei, Dichondra repens, 

Centella asiatica, Juncus krausii, Juncus usitatis, Commelina cyanea, 

Tetragonia tetragonioides, Microlaena stipoides, Einadia hasata, Rhagodia 

candolleana 

Canopy 
Avicennia marina (high water mark), Casuarina glauca, Melalueca 

stypheliodes, M. linariifolia 

Midstorey Myoporum acuminatum 

On waterline (if 

possible) 

Groundlayer 

Lomandra longifolia, Carex appressa, Gahnia clarkei, Dichondra repens, 

Centella asiatica, Juncus krausii, Juncus usitatis, Lobelia alata, 

Commelina cyanea, Baumea juncea, Persicaria decipiens, Tetragonia 

tetragonioides, Apium prostratum, Triglochin striata, Rhagodia 

candolleana 
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Plate 1: 1961 

 

 
 



Plate 2: 1975 

 

 
 



Plate 3: 1993  

 

 
 
 



Plate 4: 2003 

 
 
 



Plate 5: Gantry above water Shoalhaven River 

 
 
 
 
Plate 6: Gantry under water Shoalhaven River 

 

 



Plate 7: Bunged culvert Abernethy’s Creek 

 

 
 
 
Plate 8: Coral trees on bank of Shoalhaven River 

 

 
 



Plate 9: Lantana on the upper bank of Bomaderry Creek 

 

 
 
 
Plate 10: Central section of Abernethy’s Creek  

 

Note lack of groundcover and extent of exposed earth, and placement of rocks along water 
edge   
 
 



Plate 11: Mangrove swamp on lower bank Broughton Creek 

 

 
 
 
Plate 12: Low diversity on eroding bank of Broughton Creek 

 

 



Plate 13: Engineered rock wall Shoalhaven River 

 

 



Plate 14: Tensile cracking near rock wall Shoalhaven River 

 

 
 
 
 
 
 



Plate 15: Undercut Euclaypt Shoalhaven River 

 

 
 
 
Plate 16: Bank of Bomaderry Creek 

 

 



Plate 17: Bank undercutting where riparian vegetation has been removed Abernethy’s 
Creek 

 

 



Plate 18: lower section Abernethy’s Creek from Services Bridge 

 

 
 
 
 



Plate 19: Rotational slump in grazed area Broughton Creek 

 

 
 
 
Plate 20: Undercut tree in grazed area Broughton Creek 

 

 
 
 



Plate 21: Undercut mature Eucalypt in fenced area 

 

 
 
 

Plate 22: Kikuyu grass in fenced off area Broughton Creek 

 

 
 
 



Plate 23: Surface drainage channel Pivot No.7 Broughton Creek 





 


