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ES1 

Executive Summary 
 
Wyong Shire Council commissioned Andrews.Neil Pty Ltd to prepare a Section 91 Licence for 
remediation works along the foreshore areas south of February Street, Tuggerawong. The 
Department of Primary Industries – NSW Fisheries ordered the preparation of a remediation plan 
following post storm works by Council in August 2007. The remediation plan (Andrews Neil, 2008) 
approved by NSW Fisheries requires the removal of saltmarsh species (for later transplantation at the 
site) from stockpiles and off-shore islands that resulted from the partial removal of storm debris. 
 
 



Wyong Shire Council, Tuggerawong Saltmarsh 
Section 91 Licence 

 

Page 2 
 

KM/06036/080408 

Contents 
 

1.0 Introduction ....................................................................................................1 
1.1 Applicant’s Name ....................................................... 1 
1.2 ABN........................................................................... 1 
1.3 Contact Name ............................................................ 2 
1.4 Address ..................................................................... 2 
1.5 Location of the action ................................................. 2 
1.6 Description of the action ............................................. 2 
1.7 Details of the area....................................................... 2 
1.8 Duration and timing of the action................................. 3 
1.9 Critical Habitat............................................................ 3 
1.10 Threatened species, populations or EECs to be harmed3 
1.11 Species impact .......................................................... 4 
1.12 Description of site and surrounds................................ 4 
1.13 Threatened species search ......................................... 5 
1.14 Threatened species habitat ......................................... 9 
1.15 Area of affected habitat ............................................. 11 
1.16 Effect of action on the lifecycle and habitat ................ 11 
1.17 Ameliorative measures.............................................. 11 

2.0  18-25 Assessment of Significance ........................................................13 
 

 

Appendices 

Appendix 1 -  

Appendix 2  -  



Wyong Shire Council, Tuggerawong Saltmarsh 
Section 91 Licence 

 

Page 1 
 

KM/06036/080408 

1.0 Introduction 
Wyong Shire Council commissioned Andrews Neil Pty Ltd to prepare a Section 91 
Licence to “harm or pick a threatened species, population or ecological community or 
damage habitat” under the Threatened Species Conservation Act 1995. The following 
information is as per the licence requirements. Please also refer to the Remediation 
Plan (Appendix 1 – Andrews Neil, 2008) and NSW Fisheries Permit and comments 
(Appendix 2). 

Background 

Storm events in June 2007 blew vast quantities of wrack onto the Tuggerawong 
Foreshore, Tuggerah Lakes. In July and August 2007, WSC staff deployed resources, 
including heavy plant machinery to remove this material from the foreshore reserve.  
The material was approximately 1 metre deep in places. In late August 2007, concerns 
were raised from within Council regarding the clean-up project due to the presence of 
saltmarsh species in the area.  

 

Because of the potential harm the works could have on this EEC, Council ceased 
works immediately and advised the Department of Environment and Climate Change 
(DECC) and DPI – NSW Fisheries of the issue. At the time, some seagrass wrack 
containing sediment had been removed from the northern end of the study site 
however material from the southern end was only partially removed. The material had 
been stockpiled along the foreshore south of February Street but the complete removal 
did not occur as works ceased. The cessation of work also resulted in creation of off-
shore islands consisting of undisturbed storm material, the removal of which was only 
partially completed. A silt curtain was deployed offshore to prevent any potential 
turbidity issues. 

 

In late December 2007, Fisheries issued Council with fines for dredging and harming 
marine vegetation without a permit.  DPI -Fisheries advised that works undertaken by 
WSC at Tuggerawong involved unauthorized dredging and removal of dead and live 
seagrass and other material from the shore and bed of the lake. This contravened 
Section 200 and Section 205 of the Fisheries Management Act 1994. Council was 
required to prepare a remediation plan (Appendix 1). The remediation plan was 
subsequently prepared (Appendix 1) and approved, and a permit under Part 7 of the 
Fisheries Management Act has been issued (Appendix 2).  

 

Remediation works require the removal of stockpiled material and storm debris, 
reshaping of the bay to meet slope requirements as recommended in the remediation 
plan, re-surfacing with clean sediment and subsequent replanting of saltmarsh 
species. The removal of stockpiles and the off-shore island necessitate the removal of 
saltmarsh species that have since colonized these two areas. As such, a Section 91 
Licence under the Threatened Species Conservation Act is required. 

1.1  Applicant’s Name 
Wyong Shire Council 

1.2 ABN 
47054 613 735 
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1.3 Contact Name 
Luke Sulkowski 

Position: Operations Manager 

1.4 Address 
PO Box 20, Wyong 2259 

Phone: (02) 4350 5555 

1.5 Location of the action 
February Street, Tuggerawong, Wyong LGA,   

Northing: 151.472350; Easting: -33.286498 

1.6 Description of the action 
Wyong Shire Council is required to remediate the foreshore at Tuggerawong between 
February and March Street (Refer Appendix 1). The restoration of the saltmarsh 
requires the use of heavy machinery which will access the study site via Warner Ave. 
Any saltmarsh species along the proposed access track will be removed prior to the 
commencement of works for transplantation at a later date. In addition, native 
saltmarsh species that have colonised the off-shore island and the stockpiles along 
the shore will also be collected and kept at WSCs plant nursery at Mardi for later 
transplantation at the study site. The temporary removal of these saltmarsh species for 
transplantation following the reshaping of the foreshore is the subject of this 
application. 

Saltmarsh plants will be manually removed using hand tools with associated plant 
medium to a depth consistent with existing root growth. The transplanted material will 
be stored in suitable containers for up to 6 months at WSC’s plant nursery. 
Environmental conditions at the nursery will be developed and controlled similar to that 
experienced at the subject restoration site. 

1.7 Details of the area 
A saltmarsh community occurs along the foreshore at Tuggerawong. Immediately in 
front of the saltmarsh community is a series of mounds containing a total of 352m3 of 
mixed lake sediments and wrack (organic matter) that had been temporarily stockpiled 
into a series of longitudinal piles. These stockpiles running along the high water mark 
of the foreshore are approximately 250 metres in total length and were placed there by 
Council whilst undertaking the storm recovery works. Saltmarsh species have 
established on top of the stockpiles. An off-shore island containing 543m3 of material 
and approximately 170 metres in length is located 20 - 30 metres seaward of the 
foreshore edge. This island is partially submerged and also has saltmarsh species 
established on it. This material is undisturbed and was not placed there by Council as 
part of the storm recovery works but is remnant material from the June 2007 storm 
event that has not been removed.  

 

During the 4-5 months from the time of works (August 2007) to the time of our site 
inspection (January 2008), a proliferation of Atriplex prostrata, an exotic species from 
Europe and Asia, had established on the stockpiled sediment. Other native species 
such as Sarcocornia quinqueflora, Sporobolus virginicus minor, Bolboschoenus 
cauldwellii and other Atriplex spp. have also established on the stockpiles and off-
shore island. 
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The off-shore island is comprised of very soft mud and vegetation that is not firm 
underfoot. It is black silt and has a Hydrogen Sulphide odour. 

 

No seagrass beds are present in the immediate vicinity of the study site.  

 

1.8 Duration and timing of the action 
NSW Fisheries has requested that the on-site construction works (ie. the removal of 
stockpiles and storm debris and the reshaping of the surface with clean sediment) be 
completed by 30 June, 2008, allowing 3 months salination of the newly surfaced slope. 
This would allow for the transplanting of saltmarsh species during spring, which is the 
optimal time for successful transplantation.   

1.9 Critical Habitat 
The study site has not  been declared as critical habitat. 

1.10 Threatened species, populations or EECs to be harmed 
No threatened species or populations are present on the study site.  

The final determination for the Endangered Ecological Community – Coastal Saltmarsh 
in the NSW North Coast, Sydney Basin and South East Corner Bioregions (NSW 
Scientific Committee, 2004) lists a number of characteristic vascular plant species of 
this Coastal Saltmarsh community. Of those listed, four species, Sarcocornia 
quinqueflora, Sporobolus virginicus, Juncus kraussii and Isolepis nodosa  were 
recorded as occurring in the saltmarsh community on the study site. 

The Coastal Saltmarsh Identification Guidelines published by DECC (2007) provides a 
list of characteristic features of the Coastal Saltmarsh EEC: 

• Characteristic vascular plant species are present; 

• These characteristic plant species occur on a coastal floodplain of NSW; 

• The community is in close proximity to a saline estuary 

• The vegetation community is predominately treeless 

• The community is situated behind a mangrove stand 

Apart from the absence of mangroves, these characteristic features define the 
saltmarsh community on the study site. As such, the saltmarsh on the study site has 
been classified as the Coastal Saltmarsh EEC. The absence of mangroves is attributed 
to the low tidal range in Tuggerah Lakes. 

The saltmarsh species that have recently colonised the stockpiles consist mainly of the 
exotic species Atriplex prostrata , with isolated occurrence of three other Atriplex sp, 
Sporobolus virginicus, Bolboschoenus cauldwellii, Buffalo grass Stenotaphrum 
secundatum and Sarcocornia quinqueflora .  The saltmarsh species that have colonised 
the off-shore storm debris island consist of three Atriplex sp, Sporobolus virginicus, 
Bolboschoenus cauldwellii, Sarcocornia quinqueflora and Casuarina glauca.  

In isolation, the saltmarsh species present on the stockpiles and off-shore island are 
unlikely to fall within the definition of the EEC Coastal Saltmarsh, however due to their 
proximity to the intact Coastal Saltmarsh EEC on the study site, they will be treated as 
such for the purpose of this application. 

Native saltmarsh species that have colonised the stockpiles and off-shore island will 
be collected prior to the removal of the stockpiles and island, and maintained at WSC 
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plant nursery at Mardi, awaiting transplantation at the study site following surface 
reshaping. Table 1.1 lists the species present on the stockpiles and off-shore island. 
All vegetation will be removed from these areas for either replanting or as waste (ie. 
Exotics) 

Table 1.1 Species present on stockpiles and off-shore island 

 

Stockpile Off-shore Island 

Sarcocornia quinqueflora Sarcocornia quinqueflora 

Sporobolus virginicus var. minor Sporobolus virginicus var. minor 

Bolboschoenus caldwellii Bolboschoenus caldwellii 

3 x Atriplex spp Casuarina glauca 

Stenotaphrum secundatum  3 x Atriplex spp* 

* Advice from the Royal Botanic Gardens Sydney stated that Atriplex specimens sent 
could only be identified to genus level due to the fact that only male flowers were 
present. 

1.11 Species impact 
The following assessment of species impact is relevant for (b) action proposed on land 
not declared as critical habitat 

1.12 Description of site and surrounds 
An initial site inspection was conducted on 23 January 2007 at which time samples of 
the saltmarsh species dominating the stockpiles were collected for identification by the 
National Herbarium of NSW, Royal Botanical Gardens. A second site visit was 
conducted on 12 February, 2008. A random meander was conducted over the study 
site and a species list prepared (Appendix 1).  

 

Saltmarsh 

Description The saltmarsh community covers an area of ~ 2 ha and varies in 
width from 40 to 50 metres and covers the length of Tuggerawong Bay (~ 450 m). The 
condition of the saltmarsh varies, depending on proximity to residential dwellings and 
the extent anthropogenic activities. For example, some areas of the saltmarsh on 
crown land between the property boundaries and the foreshore is regularly mown by 
residents. The area between the residential lots and the foreshore is dominated by 
exotic grass (Kikuyu Pennisetum clandestinum) and She Oak Casuarina glauca. There 
are patches of Phragmites australis along the foreshore edge, however, following the 
works conducted by WSC in August 2007, the dominant middle stratum species 
include Atriplex prostrata , an exotic saltmarsh from Europe and Asia, Atriplex spp, likely 
to be a native variety, and Sarcocornia quinqueflora ssp. quinqueflora. These three 
species have established along the stockpiles of sediment that line the foreshore and 
along the offshore stockpile.  

Habitat Value Moderate - High. As with most saltmarshes, the saltmarsh vegetation 
on the study site acts as a buffer and filtration system for sediments and nutrients. It 
assists in the breakdown of seagrass wrack and plays a role as a juvenile habitat for 
species such as bream and mullet. Crabs are common in saltmarsh communities and 
are a significant food source for bream and other carnivorous species. Some species, 
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such as common galaxias (Galaxias maculatus), deposit their eggs in saltmarsh 
vegetation. 

Upper Stratum To 20m. She Oak Casuarina glauca. 

Mid Stratum To 4m. Phragmites australis, Atriplex prostata*, Atriplex spp., Isolepsis 
nodosa, Juncus kraussii 

Lowest Stratum Sarcocornia quinqueflora ssp. quinqueflora, Sporobolus virginicus, 
Paspalum vaginatum , Einadia trigonos spp trigonos, Tetragonia tetragonoides, Digitaria 
sanguinalis, Chenopodium murale Cynodon dactylon, Persicaria decipiens, Commelina 
cyanea, Stenotaphrum secundatum, along with exotic vegetation such as Pennywort 
Hydrocotyle bonariensis*,  Kikuyu Pennisetum clandestinum*, Curled Dock Rumex 
crispus* . 

 

During site inspections the following birds were observed utilising the study site:  

 

Masked Lapwing Vanellus miles 

Black-winged Stilt Himantopus himantopus 

Sandpipers  

Black Swans Cygnus atratus 

Silver Gull Larus novaehollandiae 

White faced Heron Egretta novaehollandiae 

 

No threatened bird species were observed utilising the study site during site 
inspections. 

 

Fish sampling was not conducted as part of this assessment 

 

1.13 Threatened species search 
The following searches were c onducted: 

• ATLAS OF NSW WILDLIFE (DECC) within a 10 kilometre radius surrounding 
the study area for threatened flora and fauna listed pursuant to the TSC Act; 

• Department of Environment and Heritage (DEH 2005) Protected Matters 
Search tool within a 10 kilometre radius surrounding the study area for 
threatened and migratory species listed pursuant to the EPBC Act; 

Table 1.2 provides a summary of threatened species within a 10 km radius. In addition, 
those recorded within 2 km of the study site are noted. 
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Table 1.2 Threatened species search within a 10 km radius 
 

Legal Status* Location 
=2km Species 

EPBC Act TSC Act  
Flora    
Rutidosis heterogama 
Heath Wrinklewort 

 V ü 

Tetratheca juncea 
Black-eyed Susan 

V V ü 

Epacris purpurascens var. 
purpurascens 

 V  

Chamaesyce 
psammogeton 
Sand Spurge 

 E 
 

Acacia bynoeana 
Bynoe's Wattle 

V 
 

E  

Prostanthera askania 
Tranquility Mintbush 

E E  

Angophora inopina 
Charmhaven Apple 

V V  

Callistemon linearifolius 
Netted Bottle Brush 

 V  

Eucalyptus camfieldii 
Camfield's Stringybark 

V V  

Eucalyptus pumila 
Pokolbin Mallee 

 V ü 

Melaleuca biconvexa 
Biconvex Paperbark 

V V ü 

Syzygium paniculatum 
Magenta Lilly Pilly 

V V  

Caladenia porphyrea  E  
Caladenia tessellata 
Thick Lip Spider Orchid 

V E ü 

Cryptostylis hunteriana 
Leafless Tongue Orchid 

V V  

Rhizanthella slateri 
Eastern Underground 
Orchid 

E  
 

Diuris praecox 
Rough Double Tail 

 V  

Grevillea parviflora subsp. 
Parviflora 
Small-flower Grevillea 

V V 
ü 

Fauna    
Litoria aurea 
Green and Golden Bell 
Frog 

V E 
ü 

Litoria brevipalmata 
Green-thighed Frog 

 V  

Heleioporus australiacus  
Giant Burrowing Frog 

V   

Crinia tinnula 
Wallum Froglet 

 V  
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Legal Status* Location 
=2km Species 

EPBC Act TSC Act  
Mixophyes balbus  
Stuttering Frog 
 

V E 
 

Litoria littlejohni   
Littlejohn's Tree Frog, 
Heath Frog 

V  
 

Mixophyes iteratus  
Giant Barred Frog 

E E  

Pseudophryne australis 
Red-crowned Toadlet 

 V  

Pyrrholaemus sagittatus 
Speckled Warbler 

 V  

Pandion haliaetus 
Osprey 

 V ü 

Botaurus poiciloptilus 
Australasian Bittern 

 V ü 

Ixobrychus flavicollis 
Black Bittern 

 V ü 

Burhinus grallarius 
Bush Stone-curlew 

 E  

Calyptorhynchus lathami 
Glossy Black-Cockatoo 

 V ü 

Charadrius leschenaultia 
Greater Sand-plover 

 V ü 

Charadrius mongolus 
Lesser Sand-plover 

 V  

Ephippiorhynchus asiaticus 
Black-necked Stork 

 E ü 

Ptilinopus magnificus 
Wompoo Fruit-Dove 

 V  

Ptilinopus superbus 
Superb Fruit-Dove 

 V  

Thalassarche melanophris 
Black-browed Albatross 

V V  

Stagonopleura guttata 
Diamond Firetail 

 V  

Haematopus fuliginosus 
Sooty Oystercatcher 

 V  

Haematopus longirostris 
Pied Oystercatcher 

 V ü 

Irediparra gallinacea 
Comb-crested Jacana 

 V ü 

Sterna albifrons 
Little Tern 

 E  

Grantiella picta 
Painted Honeyeater 

 V ü 

Xanthomyza phrygia 
Regent Honeyeater 

E E ü 

Puffinus carneipes 
Flesh-footed Shearwater 

 V  

Lathamus discolor 
Swift Parrot 

E E ü 

Macronectes giganteus  E   
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Legal Status* Location 
=2km Species 

EPBC Act TSC Act  
Southern Giant-Petrel 
Macronectes halli  
Northern Giant-Petrel 

V   

Pterodroma leucoptera 
leucoptera 
Gould's Petrel 

E  
 

Pterodroma neglecta 
neglecta 
Kermadec Petrel (western) 

V  
 

Rostratula australis   
Australian Painted Snipe 

V   

Calidris alba 
Sanderling 

 V  

Calidris tenuirostris 
Great Knot 

 V ü 

Limicola falcinellus 
Broad-billed Sandpiper 

 V  

Limosa limosa 
Black-tailed Godwit 

 V ü 

Xenus cinereus 
Terek Sandpiper 

 V ü 

Ninox connivens 
Barking Owl 

 V ü 

Ninox strenua 
Powerful Owl 

 V ü 

Tyto novaehollandiae 
Masked Owl 

 V ü 

Tyto tenebricosa 
Sooty Owl 

 V ü 

Petalura gigantea 
Giant Dragonfly 

 E  

Dasyurus maculatus 
Spotted-tailed Quoll 

E V ü 

Saccolaimus flaviventris 
Yellow-bellied Sheathtail-
bat 

 V 
ü 

Mormopterus norfolkensis 
Eastern Freetail-bat 

 V ü 

Chalinolobus dwyeri   
Large-eared Pied Bat, 
Large Pied Bat 

V   

Isoodon obesulus obesulus 
Southern Brown Bandicoot 
(eastern) 

 E 
ü 

Potorous tridactylus 
tridactylus  
Long-nosed Potoroo (SE 
mainland) 

V   

Petaurus australis 
Yellow-bellied Glider 

 V  

Petaurus norfolcensis 
Squirrel Glider 

 V ü 

Phascolarctos cinereus  V ü 
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Legal Status* Location 
=2km Species 

EPBC Act TSC Act  
Koala 
Pteropus poliocephalus 
Grey-headed Flying-fox 

V V ü 

Falsistrellus tasmaniensis 
Eastern False Pipistrelle 

 V ü 

Miniopterus australis 
Little Bentwing-bat 

 V ü 

Miniopterus schreibersii 
oceanensis 
Eastern Bentwing-bat 

 V 
ü 

Myotis adversus 
Large-footed Myotis 

 V ü 

Scoteanax rueppellii 
Greater Broad-nosed Bat 

 V ü 

 

1.14 Threatened species habitat 
Of the species recorded within 10 km’s of the study site, those species that have 
potential habitat on the study site are listed in Table 1.3. The habitat on the study stie 
relevant to these species includes the saltmarsh, associated estuarine conditions and 
the swamp oak stand behind the saltmarsh. 



Wyong Shire Council, Tuggerawong Saltmarsh 
Section 91 Licence 

 

Page 10 
 

KM/06036/080408 

Table 1.3 Threatened species with potential habitat on the study site 

 

Legal Status* Location 
=2km Species 

EPBC Act TSC Act  
Chamaesyce psammogeton 
Sand Spurge 

 E  

Litoria aurea 
Green and Golden Bell Frog 

V E ü 

Pandion haliaetus 
Osprey 

 V ü 

Botaurus poiciloptilus 
Australasian Bittern 

 V ü 

Ixobrychus flavicollis 
Black Bittern 

 V ü 

Calyptorhynchus lathami 
Glossy Black-Cockatoo 

 V ü 

Charadrius leschenaultia 
Greater Sand-plover 

 V ü 

Charadrius mongolus 
Lesser Sand-plover 

 V  

Ephippiorhynchus asiaticus 
Black-necked Stork  

 E ü 

Haematopus fuliginosus 
Sooty Oystercatcher 

 V  

Haematopus longirostris 
Pied Oystercatcher 

 V ü 

Sterna albifrons 
Little Tern 

 E  

Puffinus carneipes 
Flesh-footed Shearwater 

 V  

Macronectes giganteus  
Southern Giant-Petrel 

E   

Macronectes halli  
Northern Giant-Petrel 

V   

Pterodroma leucoptera 
leucoptera 
Gould's Petrel 

E   

Pterodroma neglecta neglecta 
Kermadec Petrel (western) 

V   

Rostratula australis   
Australian Painted Snipe 

V   

Calidris alba 
Sanderling 

 V  

Calidris tenuirostris 
Great Knot 

 V ü 

Limicola falcinellus 
Broad-billed Sandpiper 

 V  

Limosa limosa 
Black-tailed Godwit 

 V ü 

Xenus cinereus 
Terek Sandpiper 

 V ü 

 

Site inspections were conducted on two days only. No threatened species were 
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observed utilising the study site on these days.  

1.15 Area of affected habitat 
The intact saltmarsh area will be identified and cordoned off prior to the 
commencement of works. This habitat will not be directly affected during remediation 
works. The stockpile and off-shore island provide approximately 352 m3 and 543 m3 of 
habitat respectively which will be removed during remediation of the site. The area 
where the stockpiles are will be reinstated with saltmarsh species once a suitable 
slope has been created. The habitat lost with the removal of the off-shore island will 
not be replaced. This habitat however was the result of storm debris and was not 
present prior to the July 2007 storms.  

1.16 Effect of action on the lifecycle and habitat  
It is unlikely that any threatened species potentially utilising the habitat provided by the 
off-shore islands and/or stockpiles are reliant on that habitat for completion of their 
lifecycle as these habitats have only been present since the July 2007 storms. 

1.17 Ameliorative measures 
The action (removal of saltmarsh species from stockpiles, off-shore island and 
proposed access tracks) for which this Section 91 Licence applies is an ameliorative 
measure aimed at restoring the adjoining saltmarsh community to its pre-storm 
condition. As part of the remediation, the following ameliorative measures will be 
undertaken: 

• All attempts will be made to minimise run-off and turbidity during works. Works 
should be delayed until water levels in the lake drop from current levels. This 
will involve ongoing monitoring of the water height, which is driven not only by 
tides, but other factors such as rainfall, wind tide, air pressure and the size of 
the channel opening at The Entrance.  

• An Acid Sulphate Soil Plan of Management is being prepared by suitably 
qualified consultant detailing: 

• The removal of the foreshore stockpile without pre-disposal neutralisation  

• Soil testing results for the off-shore stockpile and recommendations for its 
removal. 

• The saltmarsh area will be identified on-site by an ecologist and temporarily 
cordoned off using fencing that complies with Council’s current controls. 

• Machine operators will be made aware of the location and significance of the 
saltmarsh area. 

• Access will be via Warner Avenue. Access to the foreshore area is from the 
eastern (estuary) side of the stockpiles. No machinery is to enter the saltmarsh 
communities west of the stockpiles.  

• Temporary silt fencing will be installed east of the beach access track from 
Warner Avenue to the study site to mitigate excess turbidity resulting from the 
movement of plant along the foreshore from Warner Ave. 

• No stockpiling in the saltmarsh area will occur. 

• Saltmarsh species to be used for replanting will be collected only from areas 
designated for removal (ie. existing stockpiles and the off-shore island). 
Additional species that occur within the machinery access track may also be 
collected for transplanting. No other saltmarsh species will be removed or 
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damaged.  

• The reshaping of the surface using laser-aided survey techniques is to 
commence at the edge of the in-tact saltmarsh community. The slope is to be 
gradual and in accordance with recommendations provided in the 
Remediation Plan (Appendix 1).  

• Clean sediment used in the re-shaping of the foreshore is to be in accordance 
with the Remediation Plan (Appendix 1). 

• Seagrass wrack, either accumulated naturally or collected under councils 
current permit, is to be spread across the re-shaped foreshore (in the supra-
tidal zone) prior to planting to assist in the growth and survival of transplants. 

• Public access will be restricted during both the construction and 
establishment phases of the saltmarsh. The area for replanting will be 
cordoned off from the public. Appropriate signage detailing the phases of 
construction and creation of the saltmarsh will be made available to the public. 

• Native saltmarsh species collect from the site will be used in saltmarsh 
transplants. No exotic species will be used in replanting. 
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2.0 18-25 Assessment of Significance 
Assessment of Significance 

 

The following format is used to assess the Endangered Ecological Community – 
Coastal Saltmarsh in the NSW North Coast, Sydney Basin and South East Corner 
Bioregions in accordance to the matters outlined in Section 5A of the EP&A Act 1979: 

 

HEADING Section 5A Requirement 

Life Cycle a. In the case of a threatened species, whether the action 
proposed is likely to have an adverse effect on the lifecycle of the 
species such that a viable local population of the species is likely 
to be placed as risk of extinction. 

 

No threatened species were recorded on the study site. 

 

Population Viability b. In the case of an endangered population, whether the action 
proposed is likely to have an adverse effect on the lifecycle of the 
species that constitutes the endangered population such that a 
viable local population of the species is likely to be placed at risk 
of extinction. 

 

No threatened populations were recorded on the study site. 

 

Ecological 
Communities 

c. In the case of a critically endangered or endangered ecological 
community, whether the action proposed: 

(i) is likely to have an adverse effect on the extent of the 
ecological community such that its local occurrence is 
likely to be placed at risk of extinction. 

 

The proposed action for which this Section 91 licence is being 
prepared aims at restoring the saltmarsh community on the study 
site to pre-storm condition. Removal of saltmarsh species from the 
stockpiles and off-shore island for transplantation is part of the 
restoration of the saltmarsh. The remediation works will not cause 
further damage to the intact saltmarsh community on the site but 
rather will extend the area of saltmarsh habitat. Hence, the removal 
of saltmarsh species from stockpiles will not have an adverse 
effect on the saltmarsh community. 

 

(ii) is likely to substantially and adversely modify the 
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composition of the ecological community such that its 
local occurrence is likely to be placed at risk of extinction. 

 

The saltmarsh species to be collect for transplantation commonly 
occur in the existing saltmarsh. Plants will be planted seaward of 
the existing saltmarsh community to reinstate saltmarsh habitat 
lost during post storm works by Wyong Shire Council. Care will be 
taken not to introduce any exotic species (including A. prostrata) to 
the saltmarsh community. Thus, the proposal will not adversely 
modify the composition of the ecological community such that its 
local occurrence is likely to be placed at risk of extinction. 

 

Isolation and 
Modification of Habitat 

d. In relation to the habitat of a threatened species, population or 
ecological community: 

(i) the extent to which habitat is likely to be removed or 
modified as a result of the action proposed, and 

 

The stockpiled material is approximately 250 x 2 m and is sparsely 
covered by saltmarsh species. Following removal of these 
stockpiles, the slope will be graded so that it is suitable for 
replanting of saltmarsh species. No net habitat will be lost as a 
result of the removal of the stockpiles. The off-shore island is 
approximately 170 m in length with varying width and it is located 
20-30 m off-shore. The vegetation cover on the off-shore island is 
more dense than on the stockpiles and does provide habitat for a 
number of bird species. This habitat is the result of July 2007 
storm events and partial clean up of debris by council. The off-
shore islands are not a natural feature of the bay and their removal 
will reinstate pre-storm water movement in Tuggerawong. 

 

(ii) whether an area of habitat is likely to become 
fragmented or isolated from other areas of habitat as a 
result of the proposed action, and 

 

The remediation works will not result in the fragmentation or 
isolation of habitat. 

 

(iii) the importance of habitat to be removed, modified, 
fragmented or isolated to the long-term survival of the 
species, population or ecological community in the 
locality. 

 

The habitat to be removed as part of remediation works is 
described as low to moderate habitat due to the proliferation of 
weed species and the artificial nature of the habitat. The adjoining 
saltmarsh community will benefit from the removal of the 
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stockpiles and off-shore island as the natural slope and water 
movements will be restored to Tuggerawong, and saltmarsh 
species will be available for replanting.  

 

Critical Habitat e. Whether the action proposed is likely to have an adverse effect 
on critical habitat (either directly or indirectly). 

 

N/A 

 

Recovery Plan and 
Threat Abatement Plan 

f. Whether the action proposed is consistent with the objectives or 
actions of a recovery plan or threat abatement plan. 

 

The saltmarsh will be protected from runoff during works; 

The reshaping of the bay to a slope of 1.5% from the edge of the 
intact saltmarsh will allow for the natural regeneration of saltmarsh; 

The remediated saltmarsh will be protected through fencing and 
signage during works; 

Weed management is proposed prior to and after transplantation; 

The remediation will restore natural hydrological regime of the bay; 

Mangrove management is not relevant. 

 

Threatening Process g. Whether the action proposed constitutes or is part of a key 
threatening process or is likely to result in the operation of, or 
increase the impact of, a key threatening process.  

 

N/A 
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Executive Summary 
 
 
Wyong Shire Council commissioned Andrews.Neil Pty Ltd to prepare a remediation 
plan for foreshore areas south of February Street, Tuggerawong following council 
clean-up works. Works disturbed existing site profiles and possibly damaged some 
of the existing saltmarsh community. DPI - NSW Fisheries issues Council with 
infringement notices for dredging without a permit and causing damage to marine 
vegetation. The saltmarsh is likely to form part of an Endangered Ecological 
Community which is protected under the Threatened Species Conservation Act.  
 
Foreshore stockpiles remaining at the study site following clean-up works are to be 
removed via the eastern (estuary) side of the stockpiles without pre-disposal 
neutralisation following an Acid Sulphate Plan of Management (to be prepared). 
This plan should also provide recommendations regarding the potential for acid 
sulphate soils in the off-shore material and subsequent advice for its removal. 
 
Recommendations for foreshore reshaping to promote the growth of a healthy 
saltmarsh community are included. It is noted however, that while saltmarsh 
habitats have been successfully created in Australia, the techniques are in their 
infancy. The native saltmarsh species that have established on the foreshore 
stockpile and offshore island are to be used in replanting following reshaping of the 
site. Recommendations are also made for the ongoing monitoring of remediation 
works.  
 
Remediation aims at restoring pre-storm conditions at the study site only. The 
study site has not been identified by WSC as a priority area for saltmarsh 
remediation (Sainty, 1998, Sainty 2000, Roberts 2006), mainly due to the 
difficulties associated with remediation, in particular, the strong anthropogenic 
pressures affecting the study site. 
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PART 1  CONTEXTUAL INFORMATION 

1.1 Introduction 
Wyong Shire Council (WSC) commissioned Andrews.Neil Pty Ltd to prepare a Remediation Plan for the 
foreshore at Tuggerawong on Tuggerah Lakes (Figure 1). Clean-up works following the June 2007 
storms were undertaken by WSC within foreshore and saltmarsh areas without obtaining approval from 
the Department of Primary Industries (DPI) - Fisheries.   
 
For the purpose of this remediation plan, the study area encompasses the region impacted by council’s 
clean-up works (Figure 2). The study site is the area south of February Street and defines the scope of 
this remediation plan (Figure 2). The land is Crown land zoned 6(a) Open Space and Recreation under 
Wyong Local Environmental Plan, 1991.   
 
This report provides remediation advice for the removal of debris stockpiled along the foreshore, a guide 
to re-instating the natural gradient of the bay and amelioration measures aimed at minimising harm to 
saltmarsh vegetation. A permit application under Part 7 of the Fisheries Management Act, 1994, will be 
prepared prior to the commencement of on-ground works. 
 

1.2 Background Information 

Storm events in June 2007 blew vast quantities of wrack onto the Tuggerawong Foreshore, Tuggerah 
Lakes (Photograph 1). In July and August 2007, WSC staff deployed resources, including heavy plant 
machinery to remove this material from the foreshore reserve (Photograph 2).  The material was 
approximately 1 metre deep. In late August 2007, concerns were raised from within Council regarding the 
clean-up project due to the presence of saltmarsh species in the area. A silt curtain was deployed 
offshore to prevent any potential turbidity issues. 
 
Because of the potential harm the works would have on this EEC, Council ceased works immediately and 
advised the Department of Environment and Climate Change (DECC) and DPI – NSW Fisheries of the 
issue. At the time, some seagrass wrack had been removed from the northern end of the study site, 
however material from the southern end was only partially removed. Sediment had been stockpiled along 
the foreshore south of February Street but the complete removal did not occur as works ceased. The 
cessation of work resulted in creation of off-shore islands consisting of undisturbed storm material, the 
removal of which was only partially completed. (Photograph 3).  
 
In late December 2007, Fisheries issued Council with fines for dredging and harming marine vegetation 
without a permit.  Council is required to prepare a Remediation Plan by 28 February 2008, and 
remediation works are to be completed by 30 August 2008.  Council is also under significant pressure 
from local residents to complete the works.  
 
DPI -Fisheries advised that works undertaken by WSC at Tuggerawong involved unauthorized dredging 
and removal of dead and live seagrass and other material from the shore and bed of the lake. This 
contravened Section 200 and Section 205 of the Fisheries Management Act 1994 below: 
 
Section 200 Circumstances in which a local government authority may carry out dredging or 

reclamation 
 

(1) A local government authority must not carry out dredging or reclamation work except under 
the authority of a permit issued by the Minister.  

 Maximum penalty: 2,000 penalty units. 
 
(2) This section does not apply to:  

(a) work authorised under the Crown Lands Act 1989, or 
(b) work authorised by a relevant public authority (other than a local government authority). 
(3) This section has effect irrespective of any other Act to the contrary. 
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Section 205  Marine vegetation—regulation of harm 
 

(1) This section applies to:  
(a) mangroves, or 
(b) seagrasses, or 
(c) any other marine vegetation declared by the regulations to be marine vegetation to 

which this section applies, 
a. but does not apply to protected marine vegetation under section 204A. 

(2) A person must not harm any such marine vegetation in a protected area, except under the 
authority of a permit issued by the Minister under this Part. 

 
DPI -Fisheries primary objective is to achieve remediation of the site through a Remediation Plan. The 
infringement notice issued to Council did not provide specific details of matters required for inclusion in 
the Remediation Plan.  
 

1.3 Site Description 
The foreshore at Tuggerawong south of February Street contains a total of 352m3 of mixed lake 
sediments and wrack (organic matter) (Appendix 1 - Douglas Partners, 2007) that had been temporarily 
stockpiled into two longitudinal piles (Figure 3). These stockpiles running along the high water mark of the 
foreshore are approximately 250 metres in total length and were placed there by Council whilst 
undertaking the storm recovery works. A second stockpile containing 543m3 of material and 
approximately 170 met res in length is located 20 - 30 metres seaward of the foreshore edge. This 
stockpile is partially submerged and also has saltmarsh species established on it. This material is 
undisturbed and was not placed there by Council as part of the storm recovery works but is remnant 
material from the June 2007 storm event that has not been removed. The saltmarsh species on the island 
appear to be in poor health, with many dead plants evident. The cause of death is not known. 
 
During the 4-5 months from the time of works (August 2007) to the time of our site inspection (January 
2008), a proliferation of Atriplex prostrata,  an exotic species from Europe and Asia, had established on 
the stockpiled sediment. Other native species such as Sarcocornia quinqueflora, Sporobolus virginicus 
minor, Casuarina glauca, Bolboschoenus cauldwellii and other Atriplex spp. have also established on the 
stockpiles. 
 
The partially submerged stockpile is comprised of very soft mud and vegetation that is not firm underfoot. 
It is black silt and has a Hydrogen Sulphide odour. 
 
No seagrass beds are present in the immediate vicinity of the study site.  
 
Saltmarshes are frequently inundated by seawater because of tidal action, however in the Tuggerah 
Lakes Estuary, tidal effects are small. Floods and large-scale changes to mean lake levels are generally 
the mechanisms by which these particular habitats become inundated with water (Sainty, 1998).  
Photographs taken during clean-up works in August 2007 (Photographs 1 & 2) show approximately 50 
metres of exposed shoreline. In current photographs (Photograph 3), and on recent site visits, the water 
level is at the edge of the stockpiles, with minimal shoreline exposed. It is difficult to determine if the 
change in water level is the result of natural forces within the Estuary alone, or has been influenced by 
changes to the topography of the foreshore during clean-up works. Observations made by Council staff in 
the time since the works have indicated that the water level has moved significantly since the September 
2007 works and that at times much greater expanses of shoreline have been exposed by lower water 
levels. The water levels have typically remained at this higher level due to wind tides or other prevailing 
weather conditions (low pressure systems). 
 

1.4 Literature Review 

1.4.1 Tuggerah Lakes Estuary 
In Tuggerah Lakes, eighty five percent of the saltmarsh and fringing wetland vegetation has been lost and 
what is left is in very poor condition (Roberts 2001). Wyong Shire Council, in partnership with the 
Department of Natural Resources, has developed an estuary management program for the Tuggerah 
Lakes. The program involved the preparation of an Estuary Process Study (Roberts, 2001), an Estuary 
Management Study (Roberts and Dickinson, 2005) and an Estuary Management Plan (Roberts 2006).  
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As a result, a number of management recommendations were made, however no action plans specific to 
the study site were identified. 
 
Sainty (1998) prepared quantitative background data for selected saltmarsh areas in the Tuggerah Lakes 
estuary. Of the saltmarsh areas analysed, Tacoma was the closest location to the study site at 
Tuggerawong. This site is similar to the study site in that it is dominated by saltmarsh species such as  
Sarcocornia quinqueflora, Juncus kraussii and Casuarine glauca. Sainty (1998) described the site at 
Tacoma as in urgent need of preventative weed control. 
 
Later studies by Sainty (2000) detailed the extent of existing fragmented and disturbed saltmarsh habitats 
surrounding the Tuggerah Lakes Estuary. The quality of the saltmarsh was assessed between March 
Street and Monday Street, which encompassed the study site. Disturbances were listed as wrack 
collection and tractor damage of Phragmites australis, maintenance of lawns (ie mowing the saltmarsh), 
lawn litter dumping, boat storage and weed infestations. The dominant vegetation included Paspalum 
vaginatum, Phragmites australis, Casuarina glauca remnants and a small area of Sarcocornia 
quinqueflora. Dominant introduced species included kikuyu Pennisetum clandestinum and Hydrocotyle 
bonariensis. Phragmites growing on either side of the remnant C. glauca trees were being mown. The 
quantity and quality of the saltmarsh in this area was defined as insignificant and no recommendations for 
its management were made due to its recreational usage and the difficulty in imposing any changes. 
 
The Tuggerah Lakes Estuary Management Plan (TLEMP) (Roberts 2006) provides for a significant “new” 
allocation of funding to establish and rehabilitate natural foreshore areas. The focus is on re-
establishment of the saltmarsh community that should surround much of a coastal Lake system. 
Restoring saltmarsh habitat in the foreshore areas of Berkeley Vale, Long Jetty, Tuggerah Bay, 
Tuggerawong were suggested actions for 2006/2007 (Appendix C of TLEMP). The study site was not 
recommended for specific remediation. 

1.4.2 Summary of Preliminary Material Assessment (Douglas Partners, 2007) 

The acid sulphate soil tests indicated that the excavated foreshore stockpiles are potential acid sulphate 
soils. Douglas Partners indicated that the sediment had not oxidised and as such was not impacting the 
surrounding environment at the time of their inspection (3 September 2007). The inorganic and organic 
concentrations of the natural soils were considered indicative of background concentrations and did not 
indicate the presence of any contamination within the stockpiled soils.  
 
It was recommended that the stockpile be disposed of to a “Solid Waste” landfill, such as Buttonderry 
landfill after appropriate lime treatment in accordance with an acid sulphate soil management plan.  
Disposal to Buttonderry Landfill without pre-disposal neutralisation under an acid sulphate soil 
management plan (involving strict management control) was discussed by Douglas Partners (2007) as a 
management option.  
 
They further recommended that sites receiving the above mentioned materials should perform cross 
checks on the imported materials to ensure that the material matches the soil description provided in the 
report. Further, it was recommended soils underlying the stockpile footprint are validated following 
stockpile removal to ensure that the local area has not been impacted by acid leachate. 
 
Soil testing was not conducted on the off-shore stockpile island. 
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PART 2  ECOLOGICAL ASSESSMENT 

2.1 Desktop Studies 
The following threatened species searches were conducted: 

• ATLAS OF NSW WILDLIFE (DECC) within a 10 kilometre radius surrounding the study area for 
threatened flora and fauna listed pursuant to the TSC Act; 

• Department of Environment and Heritage (DEH 2005) Protected Matters Search tool within a 10 
kilometre radius surrounding the study area for threatened and migratory species listed pursuant 
to the EPBC Act; 

• Review of vegetation mapping prepared as part of the Lower Hunter and Central Coast Regional 
Environmental Management Strategy (LHCCREMS) (House 2003) within a 2 kilometre radius of 
the study area; and 

• Relevant local, state and federal legislation and threatened species literature. 
 
A search for threatened species using the Atlas of NSW Wildlife and the Protected Matters Search tools 
within a 10 km radius of the study site reported 59 threatened fauna and 18 threatened flora species 
(Appendix 2). This excludes species that have no relevance to the study site. Of these, 22 fauna species 
could potentially utilise the saltmarsh community for foraging and one flora species could potentially occur 
within the saltmarsh (Appendix 2).  
 
Vegetation mapping (House 2003) did not classify the study site. Vegetation communities within 2 km of 
the study site are listed in Appendix 3. 
 
Despite its disturbed state, the saltmarsh community on the study site is likely to form part of the 
endangered ecological community known as Coastal Saltmarsh in the NSW North Coast, Sydney Basin 
and South East Corner Bioregions . Four of the ten characteristic vascular plant species of Coastal 
Saltmarsh (NSW Scientific Committee, 2004) were identified on the study site during a random meander 
(Cropper, 1993).  
 
These were S. quinqueflora subsp quinqueflora, Sporobolus virginicus , Juncus kraussii and Isolepis 
nodosa.  A Swamp Oak Forest is present on the study site however C. glauca is the only tree from this 
community occurring on the study site. No middle stratum vegetation is present. The final determination 
for Swamp Oak Floodplain Forest of the NSW North Coast, Sydney Basin and South East Corner 
Bioregions states that “On the fringes of coastal estuaries, where soils are more saline, the ground layer 
may include the threatened grass species, Alexfloydia repens, as well as Baumea juncea, Juncus 
kraussii, Phragmites australis, Selliera radicans  and other saltmarsh species” (NSW Scientific Committee, 
2005). Juncus kraussi and P. australis were both recorded on the study site adjoining the C. glauca 
hence the C. glauca community on the study site may form part of this EEC. An assessment of 
significants under part 5A of the EP&A Act is not covered by this remediation plan. 
 

2.2 Site Inspection 
An initial site inspection was conducted on 23 January 2007 at which time samples of the saltmarsh 
species dominating the stockpiles were collected for identification by the National Herbarium of NSW, 
Royal Botanical Gardens. A second site visit was conducted on 12 February, 2008 with two Wyong 
Council representatives (Sian Fawcett, Manager, Estuary Management and Luke Sulkowski Operations 
Manager, Open Space and Recreation). A representative from DPI – NSW Fisheries was unable to 
attend. A random meander was conducted over the study site and a species list prepared (Appendix 4).  
 
Saltmarsh 
 
Description The saltmarsh community is in a disturbed state due to its proximity to residential 

development. The saltmarsh on crown land between the property boundaries and the 
foreshore is regularly mown by residents. The area between the residential lots and 
the foreshore is dominated by exotic grass (Kikuyu Pennisetum clandestinum) and 
She Oak Casuarina glauca. There are patches of Phragmites australis along the 
foreshore edge, however, following the works conducted by WSC in August 2007, the 
dominant middle stratum species include Atriplex prostrata, an exotic saltmarsh from 
Europe and Asia, Atriplex spp, likely to be a native variety, and Sarcocornia 
quinqueflora ssp. quinqueflora. These three species have established along the 
stockpiles of sediment that line the foreshore and along the offshore stockpile.  
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Habitat Value Moderate - High. As with most saltmarshes, the saltmarsh vegetation on the study site 

acts as a buffer and filtration system for sediments and nutrients. It assists in the 
breakdown of seagrass wrack and plays a role as a juvenile habitat for species such 
as bream and mullet. Crabs are common in saltmarsh communities and are a 
significant food source for bream and other carnivorous species. Some species, such 
as common galaxias (Galaxias maculatus), deposit their eggs in saltmarsh vegetation. 

 
Upper Stratum To 20m. She Oak Casuarina glauca. 
 
Mid Stratum To 4m. Phragmites australis, Atriplex prostata*, Atriplex spp., Isolepsis nodosa, 

Juncus kraussii 
 
Lowest Stratum Sarcocornia quinqueflora ssp. quinqueflora, Sporobolus virginicus, Paspalum 

vaginatum, Einadia trigonos spp trigonos, Tetragonia tetragonoides, Digitaria 
sanguinalis, Chenopodium sp. Cynodon dactylon, Persicaria decipiens, Commelina 
cyanea, Stenotaphrum secundatum, along with exotic vegetation such as Pennywort 
Hydrocotyle bonariensis*,  Kikuyu Pennisetum clandestinum*, Curled Dock Rumex 
crispus*. 

 
 
During site inspections the following birds were observed utilising the study site:  
 

• Masked Lapwing Vanellus miles 
• Black-winged Stilt Himantopus himantopus 
• Sandpipers  
• Black Swans Cygnus atratus 
• Silver Gull Larus novaehollandiae 
• White faced Heron Egretta novaehollandiae 

 
No threatened bird species were observed utilising the study site. 
 
Fish sampling was not conducted as part of this assessment 
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PART 3  PROJECT DETAILS 

3.1 Removal of Foreshore Stockpile and Off-shore Island 
 
The stockpiles are to be removed from the site without pre-disposal neutralisation of the Potential Acid 
Sulphate Soils (PASS) in accordance with an Acid Sulphate Soil Plan of Management (ASS PoM, to be 
prepared). The off-shore island is to be removed from the site in accordance with an ASS PoM (to be 
prepared). This PoM is to include analysis of the off-shore stockpile for PASS.  
 
Machinery access to the foreshore is to be via Warner Avenue. Machinery will be required to track along 
the foreshore north of the study site (Figure 3). Whilst this option is not ideal in terms of the area of 
disturbance, the only other access is via February Street where the ground is relatively soft and the 
presence of C. glauca would inhibit movement of heavy plant (ie. excavators). Machinery/plant are not to 
enter the machinery exclusion zone (Figure 3). Access to the foreshore stockpiles is to be from the 
eastern (estuary) side of the stockpiles. 
 
Recommended equipment for the removal of the stockpiles and the off-shore island include: 
 

• 20 tonne Long Reach Excavator with sieve bucket for removal of the off-shore islands only. The 
machine is to be fitted with low ground pressure tracks for minimal disturbance. This machine 
should allow for the removal of the islands of wrack without the need to enter the estuary. 

• 12 tonne Excavator with large bucket for removal of remaining stockpiles. This machine will 
continue the work of the long reach excavator for the foreshore stockpiles. The large bucket will 
allow for the level of productivity to be maintained. 

• 1 Positrack (bobcat equivalent) for areas requiring more manoeuvrable equipment. 

• 4 Bogies (dual axle trucks) 

• 14 tonne dump truck (all wheel drive) with balloon tyres to minimise damage to the shoreline. 
 

3.2 Soil Deposition and Re-shaping of the Foreshore 
Recommended equipment for the re-shaping of the foreshore include: 
 

• The positrack to be used in edge work and possibly in the water.  
• The excavator to deposit material in the water. This may result in short term elevation in turbidity 

levels but under the circumstances this cannot be avoided.  
• The Trucksaw which travels at a 90 degree angle to the shoreline. 

 
The re-profiling of the lake bed is likely to result in increased turbidity in the study area however it is likely 
to be short-term, and given the nature of the works to be undertaken, it is unavoidable. The off-shore silt 
curtain already in position may alleviate the effects. 
 

3.3 Saltmarsh Restoration 
Within both developed and undeveloped areas of foreshore a number of factors affect vegetation 
composition, abundance and distribution – both natural and anthropogenic (Sainty, 2000). Natural factors 
include elevation, geology and topography. These will be addressed in detail for the remediation of the 
Saltmarsh at Tuggerawong. 

3.3.1 Elevation and Slope 

Elevation affects the extent, duration and depth of inundation of saline lake water along the foreshore. 
Saltmarsh communities generally occupy the tidal zone between the shoreline and upland to an extent 
where tidal influence ceases. Casuarina glauca and other associated foreshore forest trees grow upland 
of tidal influence where land is seldom inundated. Phargmites australis reed-beds can occupy both saline 
and freshwater zones and tolerate a range of inundation depths greater and less than those tolerated by 
saltmarsh (Sainty, 2000).  
 
 
 



 
 
 
 

Wyong Shire Council, Tuggerawong Foreshore Remediation Page 7 
Andrews Neil Pty Ltd KM/06036TUG/50208 
 

 
Estuarine salt marsh communities occur in the supratidal zone in marine/estuarine environments which 
occurs above the intertidal zone (ie. the zone of frequent tidal inundation) but below the extratidal zone 
(ie. the zone of occasional inundation). Typically, the vegetation in eastern Australia will be mangroves of 
various species in the intertidal zone, salt tolerant grasses and rushes with Casuarina and Melaleuca in 
the extratidal zone and the halophyte vegetation typical of saltmarsh in the intermediated supratidal zone 
(Leake, 1997). In Tuggerah Lakes Estuary mangroves do not commonly occur due to the limited tidal 
exchange (Sainty, 2000)   
 
For a successful saltmarsh remediation, it is important to establish with accuracy the levels at which tidal 
inundation will occur. In a review of the literature, Sainty and Roberts, (2004) discussed the following 
studies and their tidal heights and slopes: 
 

• Scott Park, San Souci – Approximately 3000m2 was excavated to allow 1.6 metre tides (AHD 
0.7) to inundate the lower part of the marsh, and tides more than 2.0 metres to fully flood the 
area. Results were not known at the time of publishing. 

• Salt Pan Creek, Riverwood – The saltmarsh is at an elevation inundated at the 1.6 to 2.1 metre 
tides (0.7 to 1.2 AHD). In this case, all species that were planted grew well and the success rate 
was better than 80%. 

• Johnstons Creek, Federal Park, Leichhardt – The slope on the saltmarsh was about 2% and the 
saltmarsh is positioned to be flooded with tides in the range of 1.6 to 2.1 metre tides (0.7 to 1.2 
AHD). This site is floristically mature and fully vegetated with a range of saltmarsh species. 

• Tempe saltmarsh, Kogarah – The saltmarsh is not inundated by less than 1.8 m tides. In addition, 
the leveling has not been precise and the substratum used is porous and dries rapidly. As a 
result, vegetation was expected to grow slowly. Irrigation was also necessary during summer to 
keep seedlings wet. 

• H1 Wetland, opposite To wra Point Reserve – The mud flat was constructed to be inundated by a 
1.6 m tide, the saltmarsh constructed at the perimeter of the mud flat was leveled to be inundated 
by a 1.9 m tide. Most of the saltmarsh was planted at or above 1.9 m tide and some plants were 
lost from inadequate watering of the transplants. Those that received adequate watering have 
since colonized the designated saltmarsh zone. 

 
In planning for the saltmarsh remediation at Port Botany, Sainty and Roberts (2004) stated that “The ideal 
level of the mud flat and slope of a saltmarsh will be site specific.” They suggested a slope of 1% to 
1.25% as desirable for Port Botany, with consideration given to the urban nature of the area and the need 
to minimize mosquito habitat.  
 
Based on these studies, successful saltmarsh planting was in the tidal inundation range of 1.6 to 2.1 
metres (0.7 to 1.2 AHD). The AHD at the study site along the edge of works (shown as a blue line running 
along the edge of the foreshore, west of the stockpiles) in Appendix 5 (Barry Hunt & Associates 2007) 
ranged from 0.32 to 0.75. This line approximately follows the edge of the intact saltmarsh. Hence, 
planting could potentially occur at AHD levels that are below these. In comparison to other saltmarsh 
remediation works discussed above, planting at the study site will occur at relatively low AHD levels. 
Tuggerah Lakes has a very small tidal range (Sainty, 1998), and tidal height is driven by other factors 
such as rainfall, wind tide, air pressure and the size of the channel opening at The Entrance. Hence, it is 
likely that saltmarsh species in Tuggerah Lakes require a lower AHD for growth due to the absence of 
large tidal changes. For example, the existing saltmarsh currently occurs at heights as low as 0.3 AHD.  
 
An estimate of a suitable saltmarsh slope for the study site at Tuggerah Lakes is based on literature 
review and slope calculations from the southern end of the study site where it is understood clean-up 
works did not occur. The slopes for surveyed Sections 1, 2 and 3 at the study site (Appendix 5 - Barry 
Hunt Associates, 2007) have been calculated and are presented in Table 3.1. The first 20 metres 
surveyed had a slope ranging between 1.85 and 2.75. The slope in the next 20 metres surveyed was not 
as steep, with a range of 1.55 – 1.6. This slope further reduced in the final 20 metres.  
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TABLE 3.1 – SLOPE CALCULATIONS BASED ON THE  
UNDISTURBED AREA AT THE SOUTHERN END OF THE STUDY SITE 

 Slope % 

Distance 
(metres) 

0-20m 20-40m 40-60m 

Section 1 2.75 1.6 1.05 
Section 2 1.85 1.55 0.6 

Section 3 2.5 1.6  

 
The slope of the foreshore in the region from the 10 to 40 metre marks on the survey cross sections 
(Appendix 5 - Barry Hunt Associated, 2007) appears to be the area most altered by the clean-up works. 
The aim of the foreshore re-shaping is to obtain a gradual slope, avoiding any banks or ‘lips’ between the 
existing in-tact saltmarsh and the newly formed slope. The preferred slopes will extend approximately 50 
metres into the estuary, encompassing the current location of the offshore island.  Based on figures in 
Table 3.1, the recommended minimum slope for remediation is 1.55%, with a maximum slope of 2.75%. 
Table 3.2 summaries the proposed slopes for remediation works at the study site. These slopes are 
currently being overlaid on the surveyor’s cross-sections. These overlays are yet to be reviewed hence 
the preferred option and exact slopes proposed for the study site are subject to change. 
 
Survey points from distance 0 to 10 metres were generally west of the stockpiles and were not affected 
by the clean-up works. For the next 5 metres, a negligible slope is proposed to allow for existing 
saltmarsh species to encroach into the adjoining area. From the 15 to 25 metre survey point, a slope of 
2% is proposed. This slope should gradually reduce to 1.5% for the distance between the 25 40 metre 
survey points, with the slope in the final ten metres again being negligible. 
 

TABLE 3.2 – PROPOSED SLOPES FOR THE STUDY SITE 

 Slope %   
aDistance (metres) 0-10m 10-15m 15-25m 25-40m 40-50m 

 N/Ab <1.0c 2.0 1.5 <1.0 
 

1Distance refers to the distance marks on the figures (Appendix 5) prepared by surveyors for the cross 
sections.  
b The distance from 0-10 metres is generally west of the existing stockpiles and has not been disturbed by  
clean-up works 
c A negligible slope is desirable for the first 5 metres adjoining the in-tact saltmarsh to enable the spread 
of existing species. 
 
NB. Tidal values are related to zero Fort Dennison Datum. To transfer these values to Australian Height 
Datum, we subtracted ~925mm. 

3.3.2 Topography 

The natural topography of the foreshore in Tuggerah Lakes is another important determinant of species 
distribution and composition within and between vegetation communities (Sainty 2000). For example, 
saltmarsh or reed-bed communities in any significant size do not occur where the natural topography of 
the foreshore consists of elevated steep rocky slopes, rock platforms and outcrops. The study site, as 
with the majority of the Tuggerah Lakes Estuary foreshore, is conducive of saltmarsh vegetation growth. 
Of the total length of the Tuggerah Lake Estuary foreshore (69.95 km), only 8.4 km is defined as 
topographically unsuitable for saltmarsh growth (Sainty, 2000).  
 

3.3.3 Geology 

The typical saltmarsh soil has previously been known as a “Solonchak” which is a shallow, saline soil 
showing little or no profile development except in the surface 30 centimet res. The Australian Soil 
classification (Isbell, 1996) classifies all wet or inundated soils in the Order “Hydrosols” and the estuarine 
hydrosols associated with saltmarsh as “Supratidal Hydrosols”. They can further be divided up into those 
containing sulphidic (PAS) material and those containing sulphuric materials. 
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According to Leake (1997), the key factor in recommending soils for rehabilitation of salt marshes is the 
accumulation of salts to form hypersaline conditions, not the soil texture. Salination of the study site is 
discussed in Section 3.3.4. A very well drained sand is the only texture that may not prove suitable and a 
heavy clay is problematic to work with from a practical viewpoint.  
 
Leake (1997) recommend “…clayey sands that do not lose too much strength when wet, are friable 
enough to level out well without lumps, and stand up to water flow without severe erosion. The pH should 
be adjusted to around that of seawater (pH 7.2) for the most rapid establishment. Organically enriched 
and fertilized soils should not be used. Organic matter will produce toxic anoxic reaction products upon 
inundation that the new plants may not be adapted to and seawater will, in the long term, provide all the 
nutrients required”. However, Leake (1997) referred to a successful transplant job where the contractors 
used a clayey sand adjusted to pH 7 with lime and a little controlled release fertilizer right under new 
plantings.  
 
An experimental saltmarsh creation on Kooragang Island, NSW indicated the importance of an 
appropriate substratum to achieve better survival and spread of Sarcocornia quinqueflora and Sporobolus 
virginicus, in plots where topsoil (with a high fine clay content) was spread over underlying clay (Streever 
et al., 1998). The substratum at the successful saltmarsh restoration at Federal Park was made up of 
crushed sandstone mixed with 20% fine organic material. 
 
Sainty and Roberts (2004) described a suitable soil as one where “The substratum was not loose, and 
was of a consistency that would wet slowly and dry out slowly”. They suggested that supplementary 
fertilization may be necessary, and this could be applied by incorporating a slow-release fertilizer around 
the roots of the stock at transplanting. The rate of fertilizer application should be determined once the soil 
specification is known (Sainty and Roberts, 2004). 
 
Based on the descriptions above, a soil and landscape supplier (eg. Australian Native Landscapes Pty 
Ltd) recommended a 90:10 mix of Regatta river sand to loamy topsoil, pre treated to a pH of 7. It is 
recommended that other soil suppliers be contacted for advice based on the above descriptions, and soil 
samples should be obtained prior to making a final decision. 

3.3.4 Replanting 
 
An exotic species A. prostrata is the dominant saltmarsh species that has colonised the stockpiles. As 
such, it is unsuitable for replanting. However, Sarcocornia quinqueflora, Sporobolus virginicus minor, 
Bolboschoenus cauldwellii and 2 other Atriplex spp  have also established on the foreshore stockpile and 
offshore island and are to be used in transplanting. Table 3.3 lists these species and provides a guide to 
their preferred tidal height.  
 
While diversity of saltmarsh species is desirable, some species are poor competitors to the more 
aggressively spreading primary species (Sainty and Roberts, 2004). As such, it is not unusual to see 
areas dominated by only a few species. The number of species used in planting at the study site is limited 
to those currently occurring on the stockpiles and offshore island. An alternative option to transplanting is 
propagation from seed. The time taken to obtain seed and propagate may prove lengthy, and given the 
time restraints of this project, was not considered as an option. 
 
Individual specimens are to be removed from stockpiled material in turfs and taken to Council’s plant 
nursery at Mardi where horticulturalists have successfully maintained species of saltmarsh for 8 months 
whilst awaiting their transplant (Keith Ollier pers. comm.).   
 
Following the removal of saltmarsh for transplant, the removal of the stockpiles and off-shore island, and 
resurfacing using clean sediment, the slope is to be checked by laser-aided survey. The area ideally 
should be left for tidal inundation and salination to take place for a  3-month period before the first 
transplantations are carried out (Burchette et al, 1998a).  Planting should occur in spring at a density of 
approximately 4 plants per metre squared, depending on the survival rate of species removed from the 
study site. With consideration of these time constraints, the 30 August 2008 deadline for the completion of 
works may need to be revised in order to obtain the maximum benefit for saltmarsh species survival. 
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TABLE 3.3 – SPECIES FOR TRANSPLANT AND THEIR TIDAL HEIGHT 

 

Species Common name Tidal Height 
AHD Description1 

Sarcocornia quinqueflora Samphire 0.3-0.7 Low to middle/Occasionally tidal 

Sporobulus virginicus Marine Couch 0.3-0.7 Low to middle/Occasionally tidal 

Bolboschoenus caldwellii  Marsh Club Rush 0.5-1.0 Mid to upper /Rarely to Never tidal 

Atriplex sp  0.5-1.0 Mid to upper /Rarely to Never tidal 

Paspalum vaginatum  Saltwater Couch 0.4-1.0 Low to upper/Occasionally to Never tidal 
 

1Tidal heights were extrapolated from Burchette et al (1998b), Sainty and Roberts (2004) and their occurrence at the study site. The 
AHD values provided should be treated cautiously. An on site assessment at the time of planting by an ecologist would help 
validated these values. 
 
It has been demonstrated that seagrass wrack provides protection and moisture for seeds to germinate 
and grow (Roberts and Chapman, 2003 cited in Sainty and Roberts, 2004). Sarcocornia quinqueflora  
established naturally when covered by the wrack and failed to grow in areas without wrack. Germination 
from seed stock will not be utilized at the study site however the natural accumulation of seagrass wrack 
at the study site should assist in the survival of transplanted saltmarsh.  
 
An ecologist is to be present at the commencement of planting to advise on exact locations for planting. It 
is essential that the transplanted species are not allowed to dry out. The transplants will need irrigating at 
least every week in summer for successful establishment. Late autumn through to spring the need to 
irrigate will depend on climatic conditions. Weekly monitoring will be necessary to determine the amount 
of irrigation with sprinklers of either fresh or saline water. After three months, establishment success 
needs to be assessed, and any planting failures identified. Where failures occur, the need to replant will 
depend on the species (Sainty and Roberts, 2004). Weed infestations are to be monitored and managed 
by experienced bush regenerators in the ongoing maintenance of the saltmarsh. If a native saltmarsh 
ground cover is not established, species such as A. prostrata may rapidly colonise the area as observed 
at the study site following stockpiling of storm debris.  
 

3.3.5 Anthropogenic Factors 
 
Sainty (2000) detailed a number of anthropogenic factors that alter the distribution and abundance of 
saltmarsh communities. Of those listed, the following are relevant to the study site: 
 

• Land zoning and subsequent residential proximity to foreshores 
• Maintenance of grassed areas (ie. Mowing of foreshore vegetation) 
• Tree felling, poisoning and brushcutting; 
• Weed infestation from garden escapes 
• Recreational usage – on-shore and off-shore 
• Wrack collection; 
• Enriched and polluted inflows. 

 
During site inspections, 2 residents were observed mowing the Crown land foreshore area in front of their 
properties to within 2 metres of the waters edge. Saltmarsh species occurred in adjoining areas that were 
not mowed. There was also evidence of wrack collection by residents. Whist speaking to a resident, he 
claimed no knowledge of the importance of maintaining the saltmarsh in its natural “untidy” state.  
 
In order for any saltmarsh rehabilitation to be successful in this area, a comprehensive community 
education program aimed at residents between March Street and Monday Street is paramount. Focus 
should be on the benefits of rehabilitation of the saltmarsh area and its role in the breakdown of seagrass 
wrack (Roberts 2006) and the detrimental effects of mowing, dumping of any material, in particular lawn 
clippings and garden waste. 
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PART 4  MITIGATION MEASURES 

1. All attempts are to be made to minimise run-off and turbidity during works. Works should be 
delayed until water levels in the lake drop from current levels. This will involve ongoing monitoring 
of the water height, which is driven not only by tides, but other factors such as rainfall, wind tide, 
air pressure and the size of the channel opening at The Entrance.  

2. An Acid Sulphate Soil Plan of Management is to be prepared by suitably qualified consultant. 
This report should detail: 

o The removal of the foreshore stockpile without pre-disposal neutralisation  

o Soil testing results for the off-shore stockpile and recommendations for its removal. 

3. The exclusion zone (Figure 3) is to be identified on-site by an ecologist and temporarily cordoned 
off using fencing that complies with Council’s current controls. 

4. Machine operators are to be made aware of the location and significance of the saltmarsh area. 

5. Access is to be via Warner Avenue. Access to the foreshore area is from the eastern (estuary) 
side of the stockpiles. No machinery is to enter the saltmarsh communities west of the stockpiles  
(Figure 3 – exclusion zone).  

6. Temporary silt fencing is to be installed east of the beach access track from Warner Avenue to 
the study site to mitigate excess turbidity resulting from the movement of plant along the 
foreshore from Warner Ave. 

7. No stockpiling in the saltmarsh area is to occur. 

8. Saltmarsh species to be used for replanting are to be collected only from areas designated for 
removal (ie. existing stockpiles and the off-shore island). Additional species that occur within the 
machinery access track may also be collected for transplanting. No other saltmarsh species are 
to be removed or damaged.  

9. The re-shaping of the surface using laser-aided survey techniques is to commence at the edge of 
the in-tact saltmarsh community. The slope is to be gradual and in accordance with 
recommendations provided in Section 3.3.1.  

10.  Clean sediment used in the re-shaping of the foreshore is to be in accordance with Section 3.3.3.  
Efforts are to be made to ensure sediment is not contaminated with Juncus acutus seed. Soil 
may need to be tested for its presence prior to delivery. 

11.  Public access must be restricted during both the construction and establishment phases of the 
saltmarsh. The area for replanting is to be cordoned off from the public. Appropriate signage 
detailing the phases of construction and creation of the saltmarsh should be made available to 
the public. 

12.  Species selected from Table 3.3 are to be used in saltmarsh transplants. No exotic species are to 
be used in replanting. 

13.  Post-planting irrigation, weed removal and monitoring is to be in accordance with Section 3.3.4. 
An ecologist is to be on-site at the commencement of planting to advise on locations. Watering is 
to be conducted weekly during summer and in the early stages following planting. The 
transplanted saltmarsh is not to dry out.  After 3 months post planting an assessment is to be 
made regarding the need for ongoing irrigation and additional planting based on survival rates. 

14.  Following completion of the reshaping works, the two ends of the silt curtain are to be joined,  
ensuring the wrack remains within the confines of the silt curtain, and the curtain towed to deeper 
water. Council’s aquatic weed harvester will then be able to collect the wrack using approved 
techniques.  
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15.  Contractors for the planting process are to be pre-qualified with WSC Category 3 Bush 
regenerator or Landscape design and have experience in saltmarsh revegetation. They must also 
be familiar with the contents of this report, in particular Part 3. 

16.  Community education and consultation is necessary for adjoining residents. 

 

CONCLUSION 

This remediation plan is aimed at remediation of the study site at Tuggerawong to pre-storm condition,  
with removal of stockpiles and off-shore storm deposited material, profiling of the nearshore lake bed, and 
re-establishment of the saltmarsh community affected by the post-storm works. This remediation plan has 
not attempted to provide for the ongoing improvement and remediation of the saltmarsh community to its 
natural state. 

The study site has not been identified by the TLEMP or other relevant studies (refer Section 1.4.1) as a 
priority for saltmarsh remediation.  

Saltmarsh remediation in Australia is still in its infancy and no saltmarsh rehabilitation projects in Australia 
are old enough to allow final assessment of their success (Streever et al. 1998). Remediation 
recommendations provided here attempt to relate back to the site and the slope of the saltmarsh pre-
storm events. Recommendations are a guide only, and do not guarantee the successful rehabilitation of a 
saltmarsh area. Ongoing monitoring and community education will be critical in the survival of the 
remediation of the saltmarsh area. 

It is further recommended that the 30 August 2008 deadline for the completion of works exempts 
saltmarsh transplanting as the graded surface requires 3 months for tidal inundation and salination to 
occur and the ideal time of year for planting is spring. 
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PHOTOGRAPH 1 – SEAGRASS WRACK ACCUMULATION AT TUGGERAWONG 
 

 
 

PHOTOGRAPH 2 – WORKS UNDERTAKEN BY WSC IN AUGUST 2007 
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PHOTOGRAPH 3 – STOCKPILES ALONG FORESHORE AND OFF-SHORE 
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APPENDIX 1  
Soil Data (Douglas Partners 2007) 
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Project 41547 

2 October 2007 
Wyong Shire Council 
PO Box 20 
WYONG   NSW   2259 
 
Attention:   Luke Sulkowski 
 
 
 
Dear Sir, 

 
PRELIMINARY MATERIAL ASSESSMENT 

STOCKPILED SEDIMENTS REMOVED FROM TUGGERAH LAKE FORESHORE 
FEBRUARY STREET, TUGGERAWONG 

 
 
1. INTRODUCTION 
 
This letter report presents the results of a preliminary material assessment of stockpiled 
materials located on the Tuggerah Lakes foreshore, a short distance from February Street, 
Tuggerawong.  This assessment was requested by Mr Luke Sulkowski of Wyong Shire Council, 
for the purposes of assessing the environmental status of the material for possible off-site reuse 
or disposal.  The scope of the assessment focuses on the identified stockpiled materials only. 
 
Initial inspection indicated that the stockpile comprised approximately 300 m3 of mixed lake 
sediments and rack (organic matter).  The stockpiled materials were temporarily placed on the 
lake foreshore with appropriate sediment controls. 
 
 
 
2. SCOPE OF WORK 
 
The scope of the preliminary material assessment included: 

• review of available published information such as topographical and geological maps; 

• collection of soil samples from the stockpiled materials for acid sulphate soil screening and 
analytical testing by third party NATA accredited laboratory; 

• screening selected samples for acid sulphate soils; 

• based on screening results dispatch of selected samples for Suspension Peroxide 
Combined Acidity and Sulphate (SPOCAS) testing; 

• dispatch of selected samples for a suite of possible chemical contaminants; and 

• provision of a preliminary material assessment report classifying the stockpiled soils in 
accordance with the Department of Environment and Climate Change (DECC, formerly 
DEC) endorsed guidelines. 
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Preliminary Material Assessment  Project 41547 
Stockpiled Sediments, Tuggerawong  October 2007 

3. SITE DESCRIPTION & DESKTOP REVIEW 
 
The stockpile comprised a mix of lake sediments and rack (organic matter typically sourced 
grass beds), had been temporarily placed on the lake foreshore in a discontinuous stockpile 
stretching over an area of approximately 250 m near the eastern end of February Street, 
Tuggerawong.  It was understood that the stockpiled material was excavated from the adjacent 
near shore area of Tuggerah Lake.   
 

 
Photo 1 – Temporarily Stockpiled Materials 

 
Reference to the Wyong topographical mapping indicates that the site the area surrounding the 
excavation area and temporary stockpile location had a combination of residential and rural land 
uses, the mapping indicates that the surround area has an elevation of less than 10 mAHD, 
although it is expected that the sediment were excavated from an area with an elevation of 
approximately that of sea level (0 mAHD).   
 
Reference to the Wyong Acid Sulphate Soil Risk Map indicates that the excavation area is 
mapped as having high probability of occurrence of acid sulphate soils at or near the ground 
surface.   
 
Reference to the interim 1:25 000 Geological Series Sheet for Wyong indicates that the 
excavation area is located near the boundary of two geological units, viz. Undifferentiated 
Quaternary fluvium and rocks from Tuggerah Formation.  Quaternary fluvium typically comprises 
estuarine lithic sand.  Tuggerah Formation typically comprises lithic sandstone, red-brown and 
grey-green claystone, siltstone and laminate.  
 
Conditions observed within the stockpiled material indicated the excavated sediments comprised 
soil from the Quaternary fluviual geological unit.    
 
Based on the surrounding residential and rural land uses and site observations, the overall 
potential for contamination in the stockpiled material was considered to be generally low, 
although the material had a high probability of being acid sulphate soils.   
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4. ASSESSMENT CRITERIA 
 
The following guidelines were referenced to assess the environmental quality of the samples 
collected from the proposed excavation area: 
 
For Off-site Beneficial Reuse 
 
For the assessment of the environmental suitability of the stockpiled material for offsite reuse, 
the following guidelines are referenced in the evaluation. 

• Guideline 1:  Environmental Soil Quality Guideline ‘Background’ levels, as given in 
ANZECC / NHMRC Guidelines for the Assessment and Management of Contaminated 
Sites (1992) (Ref 1). 

• Guideline 2:  The most stringent site assessment criteria, viz. The lower of the health-
based [soil] investigation levels (Column 1) for residential sites with accessible soils, and 
the provisional phytotoxicity-based investigation levels for sandy loams (Column 5), as 
specified in NSW EPA Guidelines for the NSW Site Auditors Scheme (2006) (Ref 2) 

• Guideline 3:  With respect to TRH and BTEX, threshold concentrations [in soil] for 
sensitive land use were adopted, from NSW EPA’s Guidelines for Assessing Service 
Station Sites, 1994 (no comprehensive TRH or BTEX health-based criteria are available in 
Guidelines for the NSW Site Auditors Scheme) (Ref 3). 

 
In additional the material must either be classified as Virgin Excavated Natural Material (VENM) 
or Inert Waste (Note: an upper, cumulative ceiling of 20,000 tonnes must be applied to the reuse 
of Inert Waste on any site). 
 
NSW EPA endorsed guidelines also specify that materials classified as VENM must not contain 
sulphidic ores or acid sulphate soils.  As such the assessment included acid sulphate soil 
screening and laboratory testing (Suspension Peroxide Oxidation Combined Acidity & Sulphate 
Analysis [SPOCAS]).  The results are referenced against criteria presented in NSW Acid 
Sulphate Soil Management Advisory Committee – Acid Sulphate Soil Manual, August 1998 
(Ref 4).   
 
Reference 4 outlines that, if acid sulphate soils (ASS) cannot be managed on site, the generator 
may consider the use of a landfill for disposal of the ASS materials if no other options are viable.  
The disposal of ASS to landfill would still require the generator of the waste to prepare an acid 
sulphate soil management plan for lime treatment (neutralisation) and disposal of the treated 
ASS.   
 
Further, Reference 4 outlines that ASS may be disposed of to a “Solid Waste” or an “Industrial 
Waste” landfill after appropriate lime treatment.  ASS cannot be disposed of to an “Inert Waste” 
landfill, given that it does not satisfy the criteria of “not capable of environmentally significant 
physical, chemical or biological transformations”.  ASS cannot be categorised as Virgin 
Excavated Natural Material (VENM) because it contains sulphidic materials. 
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For Disposal or Offsite Reuse: 
 
• Guideline 5: Environmental Guidelines: Assessment, Classification and Management of 

Liquid and Non-Liquid Wastes (1999) are referenced to establish the waste classification of 
the material.  All materials must be waste classified prior to off site disposal at a licensed 
waste facility. With regard to beneficial reuse at a non-licensed facility, only Inert Waste can 
be reused off site in accordance with the provisions of the Protection of Environment 
(Operations) Act (Ref 5).  In this regard, the quantity of imported inert waste received at any 
unlicensed site will be subject to a maximum of 20,000 tonnes at all time and from all 
sources.  Guideline 4 is thus also relevant in the assessment of the suitability of the bottom 
ash material for off site reuse. Threshold values from Tables A3 and A4 of Guideline 4 were 
adopted. 

 
 
 
5. FIELD WORK RESULTS 
 
The current assessment included an inspection of the temporary stockpile and surrounding 
areas, and collection of soil samples from hand excavations into the stockpile.  The location of 
the temporary stockpile and approximate sample locations are presented in Drawing 1 
(attached). 
 
The site was inspected on 3 September 2007 with stockpile conditions assessed through 
inspection of the retrieved soils from six shallow excavations into the stockpile.  The shallow 
excavations generally encountered grey fine to medium grained sand or clayey sand with some 
silt, shells and organics.  No staining or soil odours, potentially indicative of contamination, were 
identified at the investigation locations.  Notwithstanding the above, moderate “egg gas” 
Hydrogen Sulphide odour was noted in the majority of samples collected.   
 
 
 
6. FIELD WORK METHODS 
 
The assessment incorporated sampling of the stockpiled soils at discrete intervals along the 
length of the stockpile area.  Shallow excavations (approximately 0.4 m depth) were made at six 
locations using a stainless steel trowel and gloved hands.  All samples were stored on ice during 
transportation to the laboratory. 
 
The work was undertaken in accordance with the Douglas Partners Pty Ltd (DP) quality system 
and procedures for contamination assessments as presented in the Company's Field 
Procedures Manual, which are generally in line with DECC’s sampling guidelines.  The process 
of obtaining samples and their transportation, storage and delivery to the laboratory for analysis 
was documented on a DP standard chain-of-custody form.  A copy of the completed form is also 
attached. 
 
 
 
7. LABORATORY RESULTS 
 
Soil samples were tested in Douglas Partners’ laboratory using a calibrated pH meter to 
measure pH in water (H2O) and hydrogen peroxide (H2O2) in accordance with Ref 4.  The results 
are summarised in Table 1 below. 
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Table 1 – Results of Acid Sulphate Soil Screening 

Sample 
ID 

Depth 
(m) Material pH in H2O pH in H2O2 

pH in H2O – 
pH in H2 O2 

S1 0.4 Grey Sand with trace silt, 
shells and organics 4.4 2.2 2.2 

S2 0.4 Grey Sand with trace silt, 
shells and organics 5.7 2.5 3.2 

S3 
0.4 

Grey Clayey Sand with 
trace silt, shells and 

organics 
7.4 2.6 4.8 

S4 0.4 Grey Sand with trace silt, 
shells and organics 7.4 4.0 3.4 

S5 
0.4 

Grey Clayey Sand with 
trace silt, shells and 

organics 
7.5 3.7 3.8 

S6 0.4 Grey Sand with trace silt, 
shells and organics 7.5 4.4 3.1 

Notes: 
Bold Italic results exceed ASSMAC action criteria 

 
Ref 4 indicates that when the pH of soil in water is less than 4, oxidation of pyrite may have occurred 
(resulting in the generation of actual acid sulphate soil, AASS). When the pH of soil in peroxide 
solution is less than 3 and/ or the difference between the pH of soil in water and peroxide are greater 
than 1 pH unit, pyritic sulphide (potential acid sulphate soil (PASS) may be present in the soil.  The 
presence or otherwise of AASS and PASS could only be verified with detailed chemical analysis. 
 
In view of the pH screening results, chemical analysis is considered warranted to verify the presence 
or otherwise of Acid Sulphate Soils.  
 
Based on the results presented in Table 1 above, soil samples S1 and S3 were submitted to SGS 
Environmental Services (a NATA accredited laboratory) for Suspension Peroxide Oxidation 
Combined Acidity & Sulphate (SPOCAS) testing.  The SPOCAS test results are summarised in 
Table 2. 

 
Table 2 - Summary of SPOCAS Testing 

Sample ID Depth (m) TAA  
(mol/t) 

TPA 
(mol/t) 

TSA 
(mol/t) 

Spos (%) Comments 

S1 0.4 <5 <5 <5 0.085 PASS 
S3 0.4 <5 <5 <5 0.24 PASS 

1Guideline 1 - - 18 18 0.03 - 
Notes:   
TAA - Total Actual Acidity, TSA – Total Sulphuric Acidity  
TPA - Total Potential Acidity, Spos – Sulphur 

 PASS – Potential Acid Sulphate Soil  
1Italicised results exceed ASSMAC action criteria (Ref 4) (based on less than 1000 tonnes of disturbed soil). 

 
Soil samples S1, S4 and S6 were also analysed for the following suite of potential contaminants 
by SGS Environmental Services: 
 

• Total Recoverable Hydrocarbons (TRH); 

• Polycyclic Aromatic Hydrocarbons (PAH); 

• Organochlorine Pesticides (OCP); 

• Organphosphorus Pesticides (OPP) 
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• Polychlorinated Biphenyls (PCB); 

• Benzene, Toluene, Ethyl Benzene, Xylene (BTEX); 

• Metals (As, Cd, Cr, Cu, Pb, Hg, Ni & Zn); 
 
The results of the analytical tests are summarised in Tables 3 and 4. 
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Table 3 - Results of Chemical Analysis for Inorganics 

Sample ID Arsenic Cadmium Chromium Copper Lead Mercury Nickel Zinc 

S1 <PQL <PQL 1.7 1.4 2 <PQL 1.3 8.3 

S4 <PQL <PQL 2.0 1.7 2 <PQL 1.5 8.5 

S6 <PQL <PQL 3.4 3.2 4 <PQL 2.4 16 

PQL 3 0.1 0.3 0.5 1 0.05 0.5 0.3 
1ANZECC/NHMRC Environmental Soil 
Quality Guideline ‘Background’ Levels (Ref 
1) 

0.2-30 0.04-2 0.5-110 1-190 <2-200 <0.1 2-400 2-180 

2NSW EPA Contaminated Sites Guidelines 
(Ref 2) 20 3 400 100 600 1 60 200 
3NSW EPA Inert Waste Guidelines (Ref 5) 10 2 10 NC 10 0.4 4 NC 

Notes: 
1 ANZECC / NHMRC Guidelines for the Assessment and Management of Contaminated Site, Environmental Soil Quality Guideline ‘Background’’ Levels, (1998) 
2 NSW EPA Contaminated Sites: Guidelines for the NSW Site Auditor Scheme, Most stringent criteria adopted from Column 1 Residential With accessible Soils or Column 5 
Provisional Phytotoxicity-Based Investigation Levels, April 2006. 
3 Environmental Guidelines: Assessment, Classification & Management of Liquid & Non-Liquid Wastes, Inert Waste Criteria without doing the Leaching Test, NSW EPA, (1999) 
All total soil concentrations reported in mg/kg 
PQL – Practical Quantification Limits 
NC – No Criteria 
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Table 4 - Results of Chemical Analysis for Organics 
TRH 

Sample ID 
C6-C9 C10-C36 

Benzene Toluene 
Ethyl 

Benzene 
Xylenes OCP OPP PCBs 

Total 
+ve 

PAHs 

Benzo(a) 

Pyrene 

S1 <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL 
S4 <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL 
S6 <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL <PQL 

PQL 20 50 0.5 0.5 0.5 1.5 0.1 0.1 0.1 0.1/1.55 0.05 
1ANZECC/NHMRC 
Environmental Soil Quality 
Guideline ‘Background’ Levels 
(Ref 1) 

NC NC 0.05-1 0.1-1 NC NC *<0.007-
<1.07 NC 0.02-0.1 0.95-5 NC 

2NSW EPA Contaminated Sites 
Guidelines (Ref 2) NC NC NC NC NC NC NC NC 10 20 1 

3NSW EPA – Assessing Service 
Station Sites (Ref 3) 65 1000 1 1.4/130 3.1/50 14/25 NC NC NC 20 1 

4NSW EPA Inert Waste 
Guidelines (Ref 5) 650 5000 1 28.8 60 100 1** NC 2 200 0.08 

Notes: 
1 ANZECC / NHMRC Guidelines for the Assessment and Management of Contaminated Site, Environmental Soil Quality Guideline ‘Background’’ Levels, (1998). 
2 NSW EPA Contaminated Sites: Guidelines for the NSW Site Auditor Scheme, Most stringent criteria adopted from Column 1 Residential With accessible Soils or Column 5 Provisional 
Phytotoxicity-Based Investigation Levels, April 2006. 
3 NSW EPA Contaminated Sites Guidelines for Assessing Service Station Sites, Human based and/ or ecologically based protection level. 
4 Environmental Guidelines: Assessment, Classification & Management of Liquid & Non-Liquid Wastes, Inert Waste Criteria without doing the Leaching Test, NSW EPA, (1999) 
PQL – Practical Quantification Limits. 
All results are expressed in mg/kg 
NC – No Criteria 
* Criteria based on the summation of reported background levels of Aldrin, Dieldrin and DDT 
** Criteria based on summation of all scheduled chemicals 
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8. COMMENTS 
 
The acid sulphate soil test results (screening and SPOCAS) reported in Tables 1 & 2 above 
indicate that the excavated materials are potential acid sulphate soils.  This is in agreement with 
the on-site observations and the known ASS potential of the area.  The pH in water screening 
results indicated that the sediment had not oxidised and as such was not impacting the 
surrounding environment at the time of the inspection (3 September 2007).  
 
The inorganic and organic concentrations of the natural soils as reported in Tables 3 and 4 
above are considered indicative of background concentrations and do not indicate the presence 
of any contamination within the stockpiled soils.  Notwithstanding this, due to the acid sulphate 
soils results the stockpiled material, the stockpile should be disposed of to a “Solid Waste” 
landfill, such as Buttonderry landfill, after appropriate lime treatment in accordance with an acid 
sulphate soil management plan.   
 
Please note that the current classification does not apply to materials beyond the limit of the 
intrusive assessment, or to materals different from the natural soil types described above, or 
materials exhibiting signs of contamination (eg filling, anthropogenic inclusions, fibro fragments, 
staining or odours). These materials, if encountered, should be stockpiled separately to be 
further assessed. 
 
 
 
9. MANAGEMENT OPTIONS 
 
If the stockpiled soils were to be neutralised prior to off site disposal, it is recommended that 14 
kg of lime (with a neutralising value of 100) be added per tonne of stockpiled material.  Based on 
the estimated 300 m3 of material it is estimated that approximately 8,400 kg of lime would be 
required to neutralise the existing stockpile.  It is recommended that Grade 1 agricultural lime be 
used to treat the soil.   
 
Lime and stockpiled excavated soil could be mixed by a backhoe or excavator. The stockpiled 
soil should be contained within a bunded area to avoid leachate from the stockpile entering the 
nearby lake.  In accordance with the ASSMAC Guidelines (Ref 1) soil samples should be 
collected for pH testing following lime treatment, but prior to disposal.   
 
It is known that, lake excavated sediments with similar environmental characteristics are 
currently being disposed of without pre-disposal neutralisation to Buttonderry Landfill under an 
acid sulphate soil management plan (involving strict management control) prepared by DP.  
Excavated sediments, at the nearby site, are primarily managed so that oxidation of sulphidic 
materials within the sediments is minimised prior to placement and capping within the landfill.  A 
similar strategy may be considered for the stockpiled material at Tuggerawong, depending on 
the acid generation potential of the material.  Further, it is recommended that monitoring of the 
stockpile pH is undertaken to ensure the potential acidic leachate does not impact the 
surrounding environment. 
 
Regardless of the management option selected is recommended that sites receiving the above-
mentioned materials should perform cross checks on the imported materials, to ensure that the 
material matches the soil description provided in this report.  Further, it is recommended soils, 
underlying the stockpile footprint, are validated following stockpile removal to ensure that the 
local area has not been impacted by acid leachate. 
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10. LIMITATIONS 
 
DP have performed investigation and consulting services for this project in general accordance 
with current professional and industry standards for land contamination investigation. 
 
Whilst every effort has been made to ensure a representative programme of field and laboratory 
sampling and testing, conditions different to those identified during these tasks may exist. 
Therefore DP, or any other reputable consultant, cannot provide unqualified warranties nor does 
DP assume any liability for site conditions not observed or accessible during the time of the 
investigations. 
 
Despite all reasonable care and diligence, the conditions encountered and concentrations of 
contaminants measured may not be representative of conditions between the locations sampled 
and investigated.  In addition, material characteristics may change over time in response to 
variations in natural conditions, chemical reactions and other events, eg. spills of contaminating 
substances. These changes may occur subsequent to DP's investigations and assessment. 
 
This report and associated documentation and the information herein have been prepared solely 
for the use of Wyong Shire Council and any reliance assumed by other parties on this report 
shall be at such parties own risk. Any ensuing liability resulting from use of the report by other 
parties cannot be transferred to DP. 
 
Yours faithfully, 
DOUGLAS PARTNERS PTY LTD Reviewed by 
 
 
 
 
Brent Kerry Ronnie Tong 
Environmental Engineer / Associate Principal 
 
REFERENCES 
 
1. NSW EPA Contaminated Sites: Guidelines for the NSW Site Auditor Scheme, June 1998. 

2. ANZECC / NHMRC Guidelines for the Assessment and Management of Contaminated 
Sites, January 1992. 

3. NSW EPA Contaminated Sites Guidelines for Assessing Service Station Sites, December 
1994.  

4. NSW Acid Sulphate Soil Management Advisory Committee – Acid Sulphate Soil Manual, 
August 1998. 

5. NSW EPA Environmental Guidelines: Assessment, Classification and Management of Liquid 
and Non-Liquid Wastes, May 1999. 

 
ATTACHMENTS 
 
Notes Relating to this Report 
Drawing 1 
Laboratory Test Results 
Chain of Custody Sheets 



 

NOTES RELATING TO THIS REPORT 
 
Introduction 

These notes have been provided to amplify the 
geotechnical report in regard to classification methods, 
specialist field procedures and certain matters relating to 
the Discussion and Comments section.  Not all, of course, 
are necessarily relevant to all reports. 

Geotechnical reports are based on information gained 
from limited subsurface test boring and sampling, 
supplemented by knowledge of local geology and 
experience.  For this reason, they must be regarded as 
interpretive rather than factual documents, limited to 
some extent by the scope of information on which they 
rely. 

 
 

Description and Classification Methods 
The methods of description and classification of soils 

and rocks used in this report are based on Australian 
Standard 1726, Geotechnical Site Investigations Code.  
In general, descriptions cover the following properties - 
strength or density, colour, structure, soil or rock type and 
inclusions. 

Soil types are described according to the 
predominating particle size, qualified by the grading of 
other particles present (eg. sandy clay) on the following 
bases: 

 
Soil Classification Particle Size 

Clay less than 0.002 mm 
Silt 0.002 to 0.06 mm 
Sand 0.06 to 2.00 mm 
Gravel 2.00 to 60.00 mm 

 
Cohesive soils are classified on the basis of strength 

either by laboratory testing or engineering examination.  
The strength terms are defined as follows. 

 
 

Classification 
Undrained  

Shear Strength kPa 
Very soft less than 12 
Soft 12—25 
Firm 25—50 
Stiff 50—100 
Very stiff 100—200 
Hard Greater than 200 

 
Non-cohesive soils are classified on the basis of 

relative density, generally from the results of standard 
penetration tests (SPT) or Dutch cone penetrometer tests 
(CPT) as below: 

 
 

Relative Density 
SPT  
“N” Value 
(blows/300 mm) 

CPT 
Cone Value 
(qc — MPa) 

Very loose less than 5 less than 2 
Loose 5—10 2—5 
Medium dense 10—30 5—15 
Dense 30—50 15—25 

Very dense greater than 50 greater than 25 
Rock types are classified by their geological names.  

Where relevant, further information regarding rock 
classification is given on the following sheet. 

 
 

Sampling 
Sampling is carried out during drilling to allow 

engineering examination (and laboratory testing where 
required) of the soil or rock. 

Disturbed samples taken during drilling provide 
information on colour, type, inclusions and, depending 
upon the degree of disturbance, some information on 
strength and structure. 

Undisturbed samples are taken by pushing a thin-
walled sample tube into the soil and withdrawing with a 
sample of the soil in a relatively undisturbed state.  Such 
samples yield information on structure and strength, and 
are necessary for laboratory determination of shear 
strength and compressibility.  Undisturbed sampling is 
generally effective only in cohesive soils.   

Details of the type and method of sampling are given in 
the report. 

 
 

Drilling Methods. 
The following is a brief summary of drilling methods 

currently adopted by the Company and some comments 
on their use and application. 

 
Test Pits — these are excavated with a backhoe or a 
tracked excavator, allowing close examination of the 
in-situ soils if it is safe to descent into the pit.  The depth 
of penetration is limited to about 3 m for a backhoe and 
up to 6 m for an excavator.  A potential disadvantage is 
the disturbance caused by the excavation. 

 
Large Diameter Auger (eg. Pengo) — the hole is 
advanced by a rotating plate or short spiral auger, 
generally 300 mm or larger in diameter.  The cuttings are 
returned to the surface at intervals (generally of not more 
than 0.5 m) and are disturbed but usually unchanged in 
moisture content.  Identification of soil strata is generally 
much more reliable than with continuous spiral flight 
augers, and is usually supplemented by occasional 
undisturbed tube sampling. 

 
Continuous Sample Drilling  —  the hole is advanced 
by pushing a 100 mm diameter socket into the ground 
and withdrawing it at intervals to extrude the sample.  
This is the most reliable method of drilling in soils, since 
moisture content is unchanged and soil structure, 
strength, etc. is only marginally affected. 

 
Continuous Spiral Flight Augers — the hole is 
advanced using 90—115 mm diameter continuous spiral 
flight augers which are withdrawn at intervals to allow 

Issued: October 1998 Page 1 of 4 



 
 
 

 

sampling or in-situ testing.  This is a relatively economical 
means of drilling in clays and in sands above the water 
table.  Samples are returned to the surface, or may be 
collected after withdrawal of the auger flights, but they are 
very disturbed and may be contaminated.  Information 
from the drilling (as distinct from specific sampling by 
SPTs or undisturbed samples) is of relatively lower 
reliability, due to remoulding, contamination or softening 
of samples by ground water. 
 
Non-core Rotary Drilling — the hole is advanced by a 
rotary bit, with water being pumped down the drill rods 
and returned up the annulus, carrying the drill cuttings.  
Only major changes in stratification can be determined 
from the cuttings, together with some information from 
‘feel’ and rate of penetration. 
 
Rotary Mud Drilling — similar to rotary drilling, but using 
drilling mud as a circulating fluid.  The mud tends to mask 
the cuttings and reliable identification is again only 
possible from separate intact sampling (eg. from SPT). 
 
Continuous Core Drilling — a continuous core sample 
is obtained using a diamond-tipped core barrel, usually 
50 mm internal diameter.  Provided full core recovery is 
achieved (which is not always possible in very weak 
rocks and granular soils), this technique provides a very 
reliable (but relatively expensive) method of investigation. 
 
 
Standard Penetration Tests 

Standard penetration tests (abbreviated as SPT) are 
used mainly in non-cohesive soils, but occasionally also 
in cohesive soils as a means of determining density or 
strength and also of obtaining a relatively undisturbed 
sample.  The test procedure is described in Australian 
Standard 1289, “Methods of Testing Soils for Engineering 
Purposes” — Test 6.3.1. 

The test is carried out in a borehole by driving a 50 mm 
diameter split sample tube under the impact of a 63 kg 
hammer with a free fall of 760 mm.  It is normal for the 
tube to be driven in three successive 150 mm increments 
and the ‘N’ value is taken as the number of blows for the 
last 300 mm.  In dense sands, very hard clays or weak 
rock, the full 450 mm penetration may not be practicable 
and the test is discontinued. 

The test results are reported in the following form. 
• In the case where full penetration is obtained with 

successive blow counts for each 150 mm of say 4, 6 
and 7 
  as 4, 6, 7 
   N = 13 

• In the case where the test is discontinued short of full 
penetration, say after 15 blows for the first 150 mm and 
30 blows for the next 40 mm 
  as 15, 30/40 mm. 
The results of the tests can be related empirically to the 

engineering properties of the soil. 
Occasionally, the test method is used to obtain 

samples in 50 mm diameter thin walled sample tubes in 
clays.  In such circumstances, the test results are shown 
on the borelogs in brackets. 

 
 

Cone Penetrometer Testing and Interpretation 
Cone penetrometer testing (sometimes referred to as 

Dutch cone — abbreviated as CPT) described in this 
report has been carried out using an electrical friction 
cone penetrometer. The test is described in Australian 
Standard 1289, Test 6.4.1. 

In the tests, a 35 mm diameter rod with a cone-tipped 
end is pushed continuously into the soil, the reaction 
being provided by a specially designed truck or rig which 
is fitted with an hydraulic ram system.  Measurements are 
made of the end bearing resistance on the cone and the 
friction resistance on a separate 130 mm long sleeve, 
immediately behind the cone. Transducers in the tip of 
the assembly are connected by electrical wires passing 
through the centre of the push rods to an amplifier and 
recorder unit mounted on the control truck. 

As penetration occurs (at a rate of approximately 
20 mm per second) the information is plotted on a 
computer screen and at the end of the test is stored on 
the computer for later plotting of the results. 

The information provided on the plotted results 
comprises: — 
• Cone resistance — the actual end bearing force 

divided by the cross sectional area of the cone — 
expressed in MPa. 

• Sleeve friction — the frictional force on the sleeve 
divided by the surface area — expressed in kPa. 

• Friction ratio — the ratio of sleeve friction to cone 
resistance, expressed in percent. 
There are two scales available for measurement of 

cone resistance.  The lower scale (0—5 MPa) is used in 
very soft soils where increased sensitivity is required and 
is shown in the graphs as a dotted line.  The main scale 
(0—50 MPa) is less sensitive and is shown as a full line. 

The ratios of the sleeve friction to cone resistance will 
vary with the type of soil encountered, with higher relative 
friction in clays than in sands.  Friction ratios of 1%—2% 
are commonly encountered in sands and very soft clays 
rising to 4%—10% in stiff clays. 

In sands, the relationship between cone resistance and 
SPT value is commonly in the range:— 

qc (MPa)  =  (0.4 to 0.6) N (blows per 300 mm) 
In clays, the relationship between undrained shear 

strength and cone resistance is commonly in the range:— 
qc  =  (12 to 18) cu   

Interpretation of CPT values can also be made to allow 
estimation of modulus or compressibility values to allow 
calculation of foundation settlements. 

Inferred stratification as shown on the attached reports 
is assessed from the cone and friction traces and from 
experience and information from nearby boreholes, etc.  
This information is presented for general guidance, but 
must be regarded as being to some extent interpretive.  
The test method provides a continuous profile of 
engineering properties, and where precise information on 

Issued: October 1998 Page 2 of 4 



 
 
 

 

soil classification is required, direct drilling and sampling 
may be preferable. 

 
Hand Penetrometers 

Hand penetrometer tests are carried out by driving a 
rod into the ground with a falling weight hammer and 
measuring the blows for successive 150 mm increments 
of penetration.  Normally, there is a depth limitation of 
1.2 m but this may be extended in certain conditions by 
the use of extension rods. 

Two relatively similar tests are used. 
• Perth sand penetrometer — a 16 mm diameter flat-

ended rod is driven with a 9 kg hammer, dropping 
600 mm (AS 1289, Test 6.3.3).  This test was 
developed for testing the density of sands (originating 
in Perth) and is mainly used in granular soils and filling. 

• Cone penetrometer (sometimes known as the Scala 
Penetrometer) — a 16 mm rod with a 20 mm diameter 
cone end is driven with a 9 kg hammer dropping 
510 mm (AS 1289, Test 6.3.2).  The test was 
developed initially for pavement subgrade 
investigations, and published correlations of the test 
results with California bearing ratio have been 
published by various Road Authorities.  
 

Laboratory Testing 
Laboratory testing is carried out in accordance with 

Australian Standard 1289 “Methods of Testing Soil for 
Engineering Purposes”.  Details of the test procedure 
used are given on the individual report forms. 

 
Bore Logs 

The bore logs presented herein are an engineering 
and/or geological interpretation of the subsurface 
conditions, and their reliability will depend to some extent 
on frequency of sampling and the method of drilling.  
Ideally, continuous undisturbed sampling or core drilling 
will provide the most reliable assessment, but this is not 
always practicable, or possible to justify on economic 
grounds.  In any case, the boreholes represent only a 
very small sample of the total subsurface profile. 

Interpretation of the information and its application to 
design and construction should therefore take into 
account the spacing of boreholes, the frequency of 
sampling and the possibility of other than ‘straight line’ 
variations between the boreholes. 

 
Ground Water 

Where ground water levels are measured in boreholes, 
there are several potential problems; 
• In low permeability soils, ground water although 

present, may enter the hole slowly or perhaps not at all 
during the time it is left open. 

• A localised perched water table may lead to an 
erroneous indication of the true water table. 

• Water table levels will vary from time to time with 
seasons or recent weather changes.  They may not be 
the same at the time of construction as are indicated in 
the report. 

• The use of water or mud as a drilling fluid will mask any 
ground water inflow.  Water has to be blown out of the 
hole and drilling mud must first be washed out of the 
hole if water observations are to be made. 
More reliable measurements can be made by installing 

standpipes which are read at intervals over several days, 
or perhaps weeks for low permeability soils.  
Piezometers, sealed in a particular stratum, may be 
advisable in low permeability soils or where there may be 
interference from a perched water table. 

 
Engineering Reports 

Engineering reports are prepared by qualified 
personnel and are based on the information obtained and 
on current engineering standards of interpretation and 
analysis.  Where the report has been prepared for a 
specific design proposal (eg. a three storey building), the 
information and interpretation may not be relevant if the 
design proposal is changed (eg. to a twenty storey 
building).  If this happens, the Company will be pleased to 
review the report and the sufficiency of the investigation 
work. 

Every care is taken with the report as it relates to 
interpretation of subsurface condition, discussion of 
geotechnical aspects and recommendations or 
suggestions for design and construction.  However, the 
Company cannot always anticipate or assume 
responsibility for: 
• unexpected variations in ground conditions — the 

potential for this will depend partly on bore spacing and 
sampling frequency 

• changes in policy or interpretation of policy by statutory 
authorities 

• the actions of contractors responding to commercial 
pressures. 
If these occur, the Company will be pleased to assist 

with investigation or advice to resolve the matter. 
 

Site Anomalies 
In the event that conditions encountered on site during 

construction appear to vary from those which were 
expected from the information contained in the report, the 
Company requests that it immediately be notified.  Most 
problems are much more readily resolved when conditions 
are exposed than at some later stage, well after the 
event.  

 
Reproduction of Information for  
Contractual Purposes 

Attention is drawn to the document “Guidelines for the 
Provision of Geotechnical Information in Tender 
Documents”, published by the Institution of Engineers, 
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Australia.  Where information obtained from this 
investigation is provided for tendering purposes, it is 
recommended that all information, including the written 
report and discussion, be made available. In 
circumstances where the discussion or comments section 
is not relevant to the contractual situation, it may be 
appropriate to prepare a specially edited document.  The 
Company would be pleased to assist in this regard and/or 
to make additional report copies available for contract 
purposes at a nominal charge. 

 
 

Site Inspection 
The Company will always be pleased to provide 

engineering inspection services for geotechnical aspects 
of work to which this report is related.  This could range 
from a site visit to confirm that conditions exposed are as 
expected, to full time engineering presence on site. 

 
 
 
 

 
Copyright © 1998 Douglas Partners Pty Ltd 

 

Issued: October 1998 Page 4 of 4 



Legend 
 

Approximate sample location 
and number 
 
Approximate stockpile 
location 
 

 
 
 
 
 
 

 
 
 
 
  
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

LOCALITY 

Notes: 
 
1. Test locations are approximate only and 

are shown with reference to existing site 
features. 
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14 September 200714 September 2007 TEST REPORTTEST REPORT

Douglas Partners Pty LtdDouglas Partners Pty Ltd

Unit D, 7 Donaldson StreetUnit D, 7 Donaldson Street
WYONG NORTHWYONG NORTH
NSWNSW 22592259

41547, Tuggerawong41547, TuggerawongYour Reference:Your Reference:
Report Number:Report Number: 5497854978

Attention:Attention: Brent KerryBrent Kerry

DearDear BrentBrent
The following samples were received from you on the date indicated.The following samples were received from you on the date indicated.

Samples:Samples: Qty.Qty. 6 Soils6 Soils
Date of Receipt of Samples:Date of Receipt of Samples: 06/09/0706/09/07
Date of Receipt of Instructions:Date of Receipt of Instructions: 06/09/0706/09/07
Date Preliminary Report Emailed:Date Preliminary Report Emailed: Not IssuedNot Issued

These samples were analysed in accordance with your written instructions.These samples were analysed in accordance with your written instructions.
A copy of the instructions is attached with the analytical report.A copy of the instructions is attached with the analytical report.

The results and associated quality control are contained in the following pages of this report.The results and associated quality control are contained in the following pages of this report.
Unless otherwise stated, solid samples are expressed on a dry weight basis (moisture hasUnless otherwise stated, solid samples are expressed on a dry weight basis (moisture has
been supplied for your information only), air and liquid samples as received.been supplied for your information only), air and liquid samples as received.

Should you have any queries regarding this report please contact the undersigned.Should you have any queries regarding this report please contact the undersigned.

Yours faithfullyYours faithfully
SGS ENVIRONMENTAL SERVICESSGS ENVIRONMENTAL SERVICES
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PROJECT:PROJECT: 41547, Tuggerawong41547, Tuggerawong REPORT NO:REPORT NO: 5497854978

TRH/BTEX in Soil

Our Reference: UNITS 54978-1 54978-4 54978-6

Your Reference ------------- S1 S4 S6

Sample Type ------------ Soil Soil Soil

Date Sampled 3/09/2007 3/09/2007 3/09/2007

TRH C6 - C9 P&T mg/kg <20 <20 <20 

TRH C10 - C14 mg/kg <20 <20 <20 

TRH C15 - C28 mg/kg <50 <50 <50 

TRH C29 - C36 mg/kg <50 <50 <50 

Benzene mg/kg <0.5 <0.5 <0.5 

Toluene mg/kg <0.5 <0.5 <0.5 

Ethylbenzene mg/kg <0.5 <0.5 <0.5 

Total Xylenes mg/kg <1.5 <1.5 <1.5 

BTEX  Surrogate (%) % 90 80 73 
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PAHs in Soil

Our Reference: UNITS 54978-1 54978-4 54978-6

Your Reference ------------- S1 S4 S6

Sample Type ------------ Soil Soil Soil

Date Sampled 3/09/2007 3/09/2007 3/09/2007

Naphthalene mg/kg <0.1 <0.1 <0.1 

Acenaphthylene mg/kg <0.1 <0.1 <0.1 

Acenaphthene mg/kg <0.1 <0.1 <0.1 

Fluorene mg/kg <0.1 <0.1 <0.1 

Phenanthrene mg/kg <0.1 <0.1 <0.1 

Anthracene mg/kg <0.1 <0.1 <0.1 

Fluoranthene mg/kg <0.1 <0.1 <0.1 

Pyrene mg/kg <0.1 <0.1 <0.1 

Benzo[a]anthracene mg/kg <0.1 <0.1 <0.1 

Chrysene mg/kg <0.1 <0.1 <0.1 

Benzo[b,k]fluoranthene mg/kg <0.2 <0.2 <0.2 

Benzo[a]pyrene mg/kg <0.05 <0.05 <0.05 

Indeno[123-cd ]pyrene mg/kg <0.1 <0.1 <0.1 

Dibenzo[ah]anthracene mg/kg <0.1 <0.1 <0.1 

Benzo[ghi]perylene mg/kg <0.1 <0.1 <0.1 

Total  PAH's mg/kg <1.55 <1.55 <1.55 

Nitrobenzene-d5 % 93 94 92 

2-Fluorobiphenyl % 95 94 95 

�p -Terphenyl-�d14  % 108 109 103 
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PROJECT:PROJECT: 41547, Tuggerawong41547, Tuggerawong REPORT NO:REPORT NO: 5497854978

OC Pesticides in Soil

Our Reference: UNITS 54978-1 54978-4 54978-6

Your Reference ------------- S1 S4 S6

Sample Type ------------ Soil Soil Soil

Date Sampled 3/09/2007 3/09/2007 3/09/2007

HCB mg/kg <0.1 <0.1 <0.1 

alpha -BHC mg/kg <0.1 <0.1 <0.1 

gamma-BHC (Lindane) mg/kg <0.1 <0.1 <0.1 

Heptachlor mg/kg <0.1 <0.1 <0.1 

Aldrin mg/kg <0.1 <0.1 <0.1 

beta -BHC mg/kg <0.1 <0.1 <0.1 

delta -BHC mg/kg <0.1 <0.1 <0.1 

Heptachlor Epoxide mg/kg <0.1 <0.1 <0.1 

o,p'-DDE mg/kg <0.1 <0.1 <0.1 

alpha -Endosulfan mg/kg <0.1 <0.1 <0.1 

trans -Chlordane mg/kg <0.1 <0.1 <0.1 

cis-Chlordane mg/kg <0.1 <0.1 <0.1 

trans -Nonachlor mg/kg <0.1 <0.1 <0.1 

p,p'-DDE mg/kg <0.1 <0.1 <0.1 

Dieldrin mg/kg <0.1 <0.1 <0.1 

Endrin mg/kg <0.1 <0.1 <0.1 

o,p'-DDD mg/kg <0.1 <0.1 <0.1 

o,p'-DDT mg/kg <0.1 <0.1 <0.1 

beta-Endosulfan mg/kg <0.1 <0.1 <0.1 

p,p'-DDD mg/kg <0.1 <0.1 <0.1 

p,p'-DDT mg/kg <0.1 <0.1 <0.1 

Endosulfan Sulphate mg/kg <0.1 <0.1 <0.1 

Endrin Aldehyde mg/kg <0.1 <0.1 <0.1 

Methoxychlor mg/kg <0.1 <0.1 <0.1 

Endrin Ketone mg/kg <0.1 <0.1 <0.1 

2,4,5,6-Tetrachloro-m-xylene (Surrogate % 119 125 111 

Page 4 of  16Page 4 of  16



PROJECT:PROJECT: 41547, Tuggerawong41547, Tuggerawong REPORT NO:REPORT NO: 5497854978

OP Pesticides in Soil

Our Reference: UNITS 54978-1 54978-4 54978-6

Your Reference ------------- S1 S4 S6

Sample Type ------------ Soil Soil Soil

Date Sampled 3/09/2007 3/09/2007 3/09/2007

Chlorpyrifos mg/kg <0.1 <0.1 <0.1 

Fenitrothion mg/kg <0.1 <0.1 <0.1 

Bromofos Ethyl mg/kg <0.1 <0.1 <0.1 

Ethion mg/kg <0.1 <0.1 <0.1 

OP_Surrogate 1 % 119 125 111 
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PROJECT:PROJECT: 41547, Tuggerawong41547, Tuggerawong REPORT NO:REPORT NO: 5497854978

PCBs in Soil

Our Reference: UNITS 54978-1 54978-4 54978-6

Your Reference ------------- S1 S4 S6

Sample Type ------------ Soil Soil Soil

Date Sampled 3/09/2007 3/09/2007 3/09/2007

Arochlor 1016 mg/kg <0.1 <0.1 <0.1 

Arochlor 1221 mg/kg <0.1 <0.1 <0.1 

Arochlor 1232 mg/kg <0.1 <0.1 <0.1 

Arochlor 1242 mg/kg <0.1 <0.1 <0.1 

Arochlor 1248 mg/kg <0.1 <0.1 <0.1 

Arochlor 1254 mg/kg <0.1 <0.1 <0.1 

Arochlor 1260 mg/kg <0.1 <0.1 <0.1 

Arochlor 1262 mg/kg <0.1 <0.1 <0.1 

Arochlor 1268 mg/kg <0.1 <0.1 <0.1 

Total Positive PCB mg/kg <0.90 <0.90 <0.90 

PCB_Surrogate 1 % 119 125 111 
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PROJECT:PROJECT: 41547, Tuggerawong41547, Tuggerawong REPORT NO:REPORT NO: 5497854978

Acid Extractable Metals  in Soil

Our Reference: UNITS 54978-1 54978-4 54978-6

Your Reference ------------- S1 S4 S6

Sample Type ------------ Soil Soil Soil

Date Sampled 3/09/2007 3/09/2007 3/09/2007

Arsenic mg/kg <3 <3 <3 

Cadmium mg/kg <0.1 <0.1 0.1 

Chromium mg/kg 1.7 2.0 3.4 

Copper mg/kg 1.4 1.7 3.2 

Lead mg/kg 2 2 4 

Mercury mg/kg <0.05 <0.05 <0.05 

Nickel mg/kg 1.3 1.5 2.4 

Zinc mg/kg 8.3 8.5 16 
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ACID SULFATE SOILS 

Our Reference: UNITS 54978-1 54978-3

Your Reference ------------- S1 S3

Sample Type ------------ Soil Soil

Date Sampled 3/09/2007 3/09/2007

POCAS # # 
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Inorganics 

Our Reference: UNITS 54978-2 54978-4 54978-5

Your Reference ------------- S2 S4 S5

Sample Type ------------ Soil Soil Soil

Date Sampled 3/09/2007 3/09/2007 3/09/2007

Total Organic Carbon % 0.6 0.4 1 
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Moisture 

Our Reference: UNITS 54978-1 54978-2 54978-4 54978-5 54978-6

Your Reference ------------- S1 S2 S4 S5 S6

Sample Type ------------ Soil Soil Soil Soil Soil

Date Sampled 3/09/2007 3/09/2007 3/09/2007 3/09/2007 3/09/2007

Moisture % 24 22 27 31 48 
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PROJECT:PROJECT: 41547, Tuggerawong41547, Tuggerawong REPORT NO:REPORT NO: 5497854978

Method ID Methodology Summary

  SEO-017 BTEX/TRH C6-C9 - Determination by Purge and Trap Gas Chromatography with Flame Ionisation Detection 
(FID) and Photo Ionisation Detection (PID). The surrogate spike used is aaa-trifluorotoluene.
 

  SEO-020 TRH - Determination of Total Recoverable Hydrocarbons by gas chromatography following extraction with 
DCM/Acetone for solids and DCM for liquids.
 

  SEO-018 BTEX - Determination by purge and trap/ Gas Chromatography with MS Detection.
 

  SEO-030 PAHs by GC/MS  - Determination of Polynuclear Aromatic Hydrocarbons (PAH's) by Gas Chromatography /
Mass Spectrometry following extraction with dichloromethane or dichloromethane/acetone. The surrogate 
spike used is p-Terphenyl-d14.
 

  SEO-005 OC/OP/PCB - Determination of a suite of Organchlorine Pesticides, Chlorinated Organo-phosphorus Pesticides 
and Polychlorinated Biphenyls (PCB's) by sonication extraction using dichloromethane for waters or 
acetone / hexane for soils followed by Gas Chromatographic separation with Electron Capture Detection 
(GC/ECD). The surrogate spike used is 2,4,5,6-Tetrachloro-m-xylene.
 

  SEM-010 Metals  - Determination of various metals by ICP-AES following aqua regia digest. 
 

  SEM-005 Mercury - Determination of Mercury by Cold Vapour Generation Atomic Absorption Spectroscopy. 
 

  Ext-002 Analysis subcontracted to SGS Environmental Cairns.
 

  CEI-019 This method is used to then determine the Total Organic Carbon in soils for agricultural purposes.
 

  AN002 Preparation of soils, sediments and sludges undergo analysis by either air drying, compositing, subsampling 
and 1:5 soil water extraction where required. Moisture content is determined by drying the sample at 105 ± 
5°C.
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PROJECT:PROJECT: 41547, Tuggerawong41547, Tuggerawong REPORT NO:REPORT NO: 5497854978

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

TRH/BTEX in Soil Base + Duplicate + 
%RPD

Duplicate + %RPD

TRH C6 - C9 P&T mg/kg 20 SEO-017 <20 54978-1 <20 ||  [N/T] LCS 118 || [N/T]

TRH C10 - C14 mg/kg 20 SEO-020 <20 54978-1 <20 || <20 [NR] [NR]

TRH C15 - C28 mg/kg 50 SEO-020 <50 54978-1 <50 || <50 [NR] [NR]

TRH C29 - C36 mg/kg 50 SEO-020 <50 54978-1 <50 || <50 [NR] [NR]

Benzene mg/kg 0.5 SEO-018 <0.5 54978-1 <0.5 ||  [N/T] LCS 96 || [N/T]

Toluene mg/kg 0.5 SEO-018 <0.5 54978-1 <0.5 ||  [N/T] LCS 93 || [N/T]

Ethylbenzene mg/kg 0.5 SEO-018 <0.5 54978-1 <0.5 ||  [N/T] LCS 93 || [N/T]

Total Xylenes mg/kg 1.5 SEO-018 <1.5 54978-1 <1.5 ||  [N/T] LCS 96 || [N/T]

BTEX  Surrogate (%) % 0 SEO-018 89 54978-1 90 ||  [N/T] LCS 89 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

PAHs in Soil Base + Duplicate + 
%RPD

Duplicate + %RPD

Naphthalene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 54978-6 83 || [N/T]

Acenaphthylene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 54978-6 77 || [N/T]

Acenaphthene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 54978-6 110 || [N/T]

Fluorene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Phenanthrene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 54978-6 90 || [N/T]

Anthracene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 54978-6 92 || [N/T]

Fluoranthene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 54978-6 87 || [N/T]

Pyrene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 54978-6 89 || [N/T]

Benzo[a]anthracene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Chrysene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Benzo[b,k]fluoranthe
ne 

mg/kg 0.2 SEO-030 <0.2 54978-1 <0.2 || <0.2 [NR] [NR]

Benzo[a]pyrene mg/kg 0.05 SEO-030 <0.05 54978-1 <0.05 || <0.05 54978-6 97 || [N/T]

Indeno[123-cd ]pyren
e 

mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Dibenzo[ah]anthrace
ne 

mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Benzo[ghi]perylene mg/kg 0.1 SEO-030 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Total  PAH's mg/kg 1.55 SEO-030 1.55 54978-1 <1.55 || <1.55 [NR] [NR]

Nitrobenzene-d5 %  0 SEO-030 81 54978-1 93 || 97 || RPD: 4 54978-6 95 || [N/T]

2-Fluorobiphenyl %  0 SEO-030 96 54978-1 95 || 94 || RPD: 1 54978-6 94 || [N/T]

�p -Terphenyl-�d
14 

%  0 SEO-030 102 54978-1 108 || 108 || RPD: 0 54978-6 108 || [N/T]
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QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike 
Sm#

Matrix Spike % 
Recovery

OC Pesticides in Soil Base + Duplicate 
+ %RPD

Duplicate + 
%RPD

HCB mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

alpha -BHC mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

gamma-BHC (Lindane) mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Heptachlor mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 54978-4 107 || [N/T]

Aldrin mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 54978-4 99 || [N/T]

beta -BHC mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

delta -BHC mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 54978-4 109 || [N/T]

Heptachlor Epoxide mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

o,p'-DDE mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

alpha -Endosulfan mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

trans -Chlordane mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

cis-Chlordane mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

trans -Nonachlor mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

p,p'-DDE mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Dieldrin mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 54978-4 114 || [N/T]

Endrin mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 54978-4 122 || [N/T]

o,p'-DDD mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

o,p'-DDT mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

beta-Endosulfan mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

p,p'-DDD mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

p,p'-DDT mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 54978-4 89 || [N/T]

Endosulfan Sulphate mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Endrin Aldehyde mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Methoxychlor mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Endrin Ketone mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

2,4,5,6-Tetrachloro-m-xy
lene (Surrogate

% 0 SEO-005 110 54978-1 119 || 119 || RPD: 0 54978-4 121 || [N/T]
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QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike 
Sm#

Matrix Spike % 
Recovery

OP Pesticides in Soil Base + Duplicate 
+ %RPD

Duplicate + 
%RPD

Chlorpyrifos mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 54978-4 111 || [N/T]

Fenitrothion mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Bromofos Ethyl mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Ethion mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

OP_Surrogate 1 %  0 SEO-005 110 54978-1 119 || 119 || RPD: 0 54978-4 121 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

PCBs in Soil Base + Duplicate + 
%RPD

Duplicate + %RPD

Arochlor 1016 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Arochlor 1221 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Arochlor 1232 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Arochlor 1242 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Arochlor 1248 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Arochlor 1254 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Arochlor 1260 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 54978-1 123 || [N/T]

Arochlor 1262 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Arochlor 1268 mg/kg 0.1 SEO-005 <0.1 54978-1 <0.1 || <0.1 [NR] [NR]

Total Positive PCB mg/kg 0.9 SEO-005 0.90 54978-1 <0.90 || <0.90 [NR] [NR]

PCB_Surrogate 1 %  0 SEO-005 110 54978-1 119 || 119 || RPD: 0 54978-1 123 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

Acid Extractable Metals  
in Soil

Base + Duplicate + 
%RPD

Duplicate + %RPD

Arsenic mg/kg 3 SEM-010 <3 [NT] [NT] LCS 93 || [N/T]

Cadmium mg/kg 0.1 SEM-010 <0.1 [NT] [NT] LCS 98 || [N/T]

Chromium mg/kg 0.3 SEM-010 <0.3 [NT] [NT] LCS 93 || [N/T]

Copper mg/kg 0.5 SEM-010 <0.5 [NT] [NT] LCS 98 || [N/T]

Lead mg/kg 1 SEM-010 <1 [NT] [NT] LCS 92 || [N/T]

Mercury mg/kg 0.05 SEM-005 <0.05 [NT] [NT] LCS 111 || [N/T]

Nickel mg/kg 0.5 SEM-010 <0.5 [NT] [NT] LCS 96 || [N/T]

Zinc mg/kg 0.3 SEM-010 <0.3 [NT] [NT] LCS 95 || [N/T]
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QUALITY CONTROL UNITS PQL METHOD Blank

ACID SULFATE SOILS 

POCAS Ext-002 [NT]

QUALITY CONTROL UNITS PQL METHOD Blank Duplicate 
Sm#

Duplicate Spike Sm# Matrix Spike % 
Recovery

Inorganics Base + Duplicate + 
%RPD

Duplicate + %RPD

Total Organic Carbon % 0.05 CEI-019 <0.05 54978-2 0.6 || 0.7 || RPD: 15 54978-4 98 || [N/T]

QUALITY CONTROL UNITS PQL METHOD Blank

Moisture 

Moisture %  1 AN002 <1

QUALITY CONTROL UNITS Dup. Sm# Duplicate Spike Sm# Matrix Spike % 
Recovery

TRH/BTEX in Soil Base + Duplicate + 
%RPD

Duplicate + %RPD

TRH C6 - C9 P&T mg/kg [NT] [NT] [NR] [NR]

TRH C10 - C14 mg/kg [NT] [NT] 54978-4 95 || [N/T]

TRH C15 - C28 mg/kg [NT] [NT] 54978-4 96 || [N/T]

TRH C29 - C36 mg/kg [NT] [NT] 54978-4 110 || [N/T]

Benzene mg/kg [NT] [NT] [NR] [NR]

Toluene mg/kg [NT] [NT] [NR] [NR]

Ethylbenzene mg/kg [NT] [NT] [NR] [NR]

Total Xylenes mg/kg [NT] [NT] [NR] [NR]

BTEX  Surrogate (%) % [NT] [NT] [NR] [NR]
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Result CodesResult Codes
[INS][INS] :: Insufficient Sample for this testInsufficient Sample for this test [HBG]   :   Results not Reported due to High Background Interference[HBG]   :   Results not Reported due to High Background Interference
[NR][NR] :: Not RequestedNot Requested *           :*           : Not part of NATA AccreditationNot part of NATA Accreditation
[NT][NT] :: Not testedNot tested [N/A]    :   Not Applicable[N/A]    :   Not Applicable

Result CommentsResult Comments
# SPOCAS analysed by SGS Cairns. Please refer to attached report No 56912 for results.# SPOCAS analysed by SGS Cairns. Please refer to attached report No 56912 for results.
Date Organics extraction commenced:Date Organics extraction commenced: 10/09/0710/09/07
NATA Corporate Accreditation No. 2562, Site No 4354NATA Corporate Accreditation No. 2562, Site No 4354
Note: Test results are not corrected for recovery (excluding Dioxins/Furans* and PAH in XAD and PUF).Note: Test results are not corrected for recovery (excluding Dioxins/Furans* and PAH in XAD and PUF).
This document is issued, on the Client’s behalf, by the Company under its General Conditions of Service available on request and accessible This document is issued, on the Client’s behalf, by the Company under its General Conditions of Service available on request and accessible 
at http://www.sgs.com/terms_and_conditions.htm.  The Client’s attention is drawn to the limitation of liability, indemnification and jurisdiction at http://www.sgs.com/terms_and_conditions.htm.  The Client’s attention is drawn to the limitation of liability, indemnification and jurisdiction 
issues defined therein.issues defined therein.

Any other holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its Any other holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its 
intervention only and within the limits of Client’s instructions, if any.  The Company’s sole responsibility is to its Client and this intervention only and within the limits of Client’s instructions, if any.  The Company’s sole responsibility is to its Client and this 
document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents.document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents.

Quality Control ProtocolQuality Control Protocol
Reagent Blank: Sample free reagents carried through the preparation/extraction/digestion procedure and analysed at the
beginning of every sample batch analysis.  For larger projects, a reagent blank is prepared and analysed with every 20beginning of every sample batch analysis.  For larger projects, a reagent blank is prepared and analysed with every 20
samples.samples.
Duplicate: A separate portion of a sample being analysed which is treated the same as the other samples in the batch.
A duplicate is prepared at least every 10 samples.A duplicate is prepared at least every 10 samples.
Matrix Spike Duplicates: Sample replicates spiked with identical concentrations of target analyte(s).  The spiking occurs
during the sample preparation and prior to the extraction/digestion procedure.  They are used to document the precision andduring the sample preparation and prior to the extraction/digestion procedure.  They are used to document the precision and
bias of a method in a given sample matrix.  Where there is not enough sample available to prepare a spiked sample, anotherbias of a method in a given sample matrix.  Where there is not enough sample available to prepare a spiked sample, another
known soil/sand or water (or Milli-Q water) may be used.  A duplicate spiked sample is prepared at least every 20 samples.known soil/sand or water (or Milli-Q water) may be used.  A duplicate spiked sample is prepared at least every 20 samples.
Surrogate Spike: Added to all samples requiring analysis for organics (where relevant) prior to extraction.  Used to
determine the extraction efficiency.  They are organic compounds which are similar to the target analyte(s) in chemicaldetermine the extraction efficiency.  They are organic compounds which are similar to the target analyte(s) in chemical
composition and behaviour in the analytical process, but which are not normally found in environmental samples.composition and behaviour in the analytical process, but which are not normally found in environmental samples.
Internal Standard: Added to all samples requiring analysis for organics (where relevant) after the extraction process; the
compounds serve to give a standard of retention time and response, which is invariant from run-to-run with the instruments.compounds serve to give a standard of retention time and response, which is invariant from run-to-run with the instruments.
Control Standards: Prepared from a source independent of the calibration standards.  At least one control standard is
included in each run to confirm calibration validity.included in each run to confirm calibration validity.
Additional QC Samples: A calibration standard and blank are run after every 20 samples of an instrumental analysis run to assess analytical drift.

Page 16 of  16Page 16 of  16



LABORATORY REPORT COVERSHEETLABORATORY REPORT COVERSHEET

Date:Date: 14 September 200714 September 2007

To:To: Douglas PartnersDouglas Partners
Unit D, 7 Donaldson StUnit D, 7 Donaldson St
WYONG NORTH  NSW  2259WYONG NORTH  NSW  2259

Attention:Attention: Brent KerryBrent KerryMrMr

Your Reference:Your Reference: 54978 - 41547 Tuggerawong54978 - 41547 Tuggerawong
Laboratory Report No:Laboratory Report No: 5691256912
Samples Received:Samples Received: 7/09/20077/09/2007
Samples / Quantity:Samples / Quantity: 2 Soils2 Soils

The above samples were received intact and analysed according to your written instructions.The above samples were received intact and analysed according to your written instructions.
Unless otherwise stated, solid samples are reported on a dry weight basis and liquid samplesUnless otherwise stated, solid samples are reported on a dry weight basis and liquid samples
as received.  as received.  
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CLIENT:CLIENT: Douglas PartnersDouglas Partners Laboratory Report No:Laboratory Report No: 5691256912
PROJECT:PROJECT: 54978 - 41547 Tuggerawong54978 - 41547 Tuggerawong

LABORATORY REPORTLABORATORY REPORT

SPOCAS 

Our Reference Units 56912-1 56912-2

Your Reference 54978-1 / S1 54978-3 / S3

Date Sampled 3/09/2007 3/09/2007

Moisture * % w/w 25 34

pH KCl pH Units 7.4 8.5

TAA pH 6.5 moles H+/tonne <5 <5

s-TAA pH 6.5 % w/w S <0.01 <0.01

pH Ox pH Units 5.5 5.1

TPA pH 6.5 moles H+/tonne <5 <5

s-TPA pH 6.5 % w/w S <0.01 <0.01

TSA pH 6.5 moles H+/tonne <5 <5

s-TSA pH 6.5 % w/w S <0.01 <0.01

ANCE % CaCO3 <0.01 <0.01

a-ANCE moles H+/tonne <5 <5

s-ANCE % w/w S <0.01 <0.01

S KCl ^ % w/w 0.13 0.061

S P ^ % w/w 0.22 0.30

S POS ^ % w/w 0.085 0.24

a-S POS ^ moles H+/tonne 53 150

Ca KCl ^ % w/w 0.18 0.12

Ca P ^ % w/w 0.25 0.24

Ca A ^ % w/w 0.076 0.12

Mg KCl ^ % w/w 0.10 0.092

Mg P ^ % w/w 0.088 0.12

Mg A ^ % w/w <0.005 0.027

SHCl ^ % w/w NA NA

S NAS ^ % w/w NA NA

a-S NAS ^ moles H+/tonne NA NA

s-S NAS ^ % w/w S NA NA

s-Net Acidity % w/w S 0.08 0.24

a-Net Acidity moles H+/tonne 52 150

Liming Rate kg CaCO3/tonne 3.9 11

Verification s-Net Acidity % w/w S 0.03 0.08

a-Net Acidity without ANCE moles H+/tonne 52 150

Liming Rate without ANCE kg CaCO3/tonne 3.9 11
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CLIENT:CLIENT: Douglas PartnersDouglas Partners Laboratory Report No:Laboratory Report No: 5691256912
PROJECT:PROJECT: 54978 - 41547 Tuggerawong54978 - 41547 Tuggerawong

LABORATORY REPORTLABORATORY REPORT

TEST PARAMETERS UNITS LOR METHOD

SPOCAS 

Moisture * % w/w 1 CEP-003

pH KCl pH Units 0.1 ASSMAC_23A / CEI-401

TAA pH 6.5 moles H+/tonne 5 ASSMAC_23F / CEI-401

s-TAA pH 6.5 % w/w S 0.01 ASSMAC_S_23F/CEI-401

pH Ox pH Units 0.1 ASSMAC_23B / CEI-406

TPA pH 6.5 moles H+/tonne 5 ASSMAC_23G / CEI-406

s-TPA pH 6.5 % w/w S 0.01 ASSMAC_S_23G/CEI-406

TSA pH 6.5 moles H+/tonne 5 ASSMAC_23H

s-TSA pH 6.5 % w/w S 0.01 ASSMAC_S_23H

ANCE % CaCO3 0.01 ASSMAC_23Q

a-ANCE moles H+/tonne 5 ASSMAC_A_23Q

s-ANCE % w/w S 0.01 ASSMAC_S_23Q

S KCl ^ % w/w 0.005 ASSMAC_23Ce

S P ^ % w/w 0.005 ASSMAC_23De

S POS ^ % w/w 0.005 ASSMAC_23Ee

a-S POS ^ moles H+/tonne 5 ASSMAC_A_23Ee

Ca KCl ^ % w/w 0.005 ASSMAC_23Vh

Ca P ^ % w/w 0.005 ASSMAC_23Wh

Ca A ^ % w/w 0.005 ASSMAC_23Xh

Mg KCl ^ % w/w 0.005 ASSMAC_23Sm

Mg P ^ % w/w 0.005 ASSMAC_23Tm

Mg A ^ % w/w 0.005 ASSMAC_23Um

SHCl ^ % w/w 0.005 ASSMAC_20B

S NAS ^ % w/w 0.005 ASSMAC_20J

a-S NAS ^ moles H+/tonne 5 ASSMAC_A_20J

s-S NAS ^ % w/w S 0.01 ASSMAC_S_20J

s-Net Acidity % w/w S 0.01 Calculation

a-Net Acidity moles H+/tonne 5 Calculation

Liming Rate kg CaCO3/tonne 0.1 ASSMAC_23H

Verification s-Net Acidity % w/w S Calculation

a-Net Acidity without ANCE moles H+/tonne 5 Calculation

Liming Rate without ANCE kg CaCO3/tonne 0.1 ASSMAC_23H
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CLIENT:CLIENT: Douglas PartnersDouglas Partners Laboratory Report No:Laboratory Report No: 5691256912
PROJECT:PROJECT: 54978 - 41547 Tuggerawong54978 - 41547 Tuggerawong

LABORATORY REPORTLABORATORY REPORT

NOTES:NOTES:
LOR - Limit of Reporting.LOR - Limit of Reporting.
* This test is not covered by our current NATA accreditation.* This test is not covered by our current NATA accreditation.
^ Sulphur, Calcium and Magnesium results are determined at our Toowoomba Laboratory,^ Sulphur, Calcium and Magnesium results are determined at our Toowoomba Laboratory,

(214 McDougal St, Toowoomba, QLD) who have NATA accreditation for these parameters.(214 McDougal St, Toowoomba, QLD) who have NATA accreditation for these parameters.

Liming rate calculated using a Fineness factor of 1.5 (which is equivalent to finely divided Ag Lime <0.5mm)Liming rate calculated using a Fineness factor of 1.5 (which is equivalent to finely divided Ag Lime <0.5mm)
and Neutralising Value (NV) of 100%and Neutralising Value (NV) of 100%
If using Liming Material <100% NV, then Liming Rate can be adusted as follows:If using Liming Material <100% NV, then Liming Rate can be adusted as follows:
Actual Liming Rate equals Calculated Liming Rate times 100 divided by NV of actual Liming MaterialActual Liming Rate equals Calculated Liming Rate times 100 divided by NV of actual Liming Material

Bulk Density of Material of 1g/cm3 assumed.Bulk Density of Material of 1g/cm3 assumed.
If Bulk Density differs from 1g/cm3 then Liming rate can be adjusted as follows:If Bulk Density differs from 1g/cm3 then Liming rate can be adjusted as follows:
Actual Liming Rate equals Calculated Liming Rate times Actual Bulk DensityActual Liming Rate equals Calculated Liming Rate times Actual Bulk Density

Analysis Date:     BetweenAnalysis Date:     Between 7/09/077/09/07 andand 13/09/0713/09/07

Disclaimer:Disclaimer:
SGS and the authors have prepared this document in good faith, SGS and the authors have prepared this document in good faith, 
consulting with Ahern CR, McElnea AE, Sullivan LA (2004)consulting with Ahern CR, McElnea AE, Sullivan LA (2004)
Acid Sulphate Soils Laboratory Methods Guidelines, Acid Sulphate Soils Laboratory Methods Guidelines, 
Queensland Department of Natural Resources, Mines and Energy, Indooroopilly, Qld Aust.Queensland Department of Natural Resources, Mines and Energy, Indooroopilly, Qld Aust.
While this is done exercising all due care and attention, no representation or warranty, expressed or impliedWhile this is done exercising all due care and attention, no representation or warranty, expressed or implied
is made as to the accuracy, completeness or fitness of the document in respect of any user's circumstances.is made as to the accuracy, completeness or fitness of the document in respect of any user's circumstances.
Users of the results or data should seek appropriate expert advice where necessary in relation Users of the results or data should seek appropriate expert advice where necessary in relation 
to their particular situation or circumstances.to their particular situation or circumstances.
Any representation, statement, opinion or advice, expressed or implied on this publicationAny representation, statement, opinion or advice, expressed or implied on this publication
is made in good faith and on the basis that SGS, its agents and employees are not liable is made in good faith and on the basis that SGS, its agents and employees are not liable 
to any person taking or not taking (as the case may be) action in respect of any representation,to any person taking or not taking (as the case may be) action in respect of any representation,
statement or advice referred to above.statement or advice referred to above.

SGS Terms and Conditions are available from www.au.sgs.comSGS Terms and Conditions are available from www.au.sgs.com
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APPENDIX 2 
Threatened Species Search  

within a 10 Km Radius 
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Legal Status* Potential 
Habitat 

Location 
=2km Species 

EPBC Act TSC Act   
Flora 
Rutidosis heterogama 
Heath Wrinklewort 

 V  ü 

Tetratheca juncea 
Black-eyed Susan 

V V  ü 

Epacris purpurascens var. 
purpurascens 

 V   

Chamaesyce psammogeton 
Sand Spurge 

 E ü 
 

Acacia bynoeana 
Bynoe's Wattle 

V 
 

E   

Prostanthera askania 
Tranquility Mintbush 

E E   

Angophora inopina 
Charmhaven Apple 

V V   

Callistemon linearifolius 
Netted Bottle Brush 

 V   

Eucalyptus camfieldii 
Camfield's Stringybark 

V V   

Eucalyptus pumila 
Pokolbin Mallee 

 V  ü 

Melaleuca biconvexa 
Biconvex Paperbark 

V V  ü 

Syzygium paniculatum 
Magenta Lilly Pilly 

V V   

Caladenia porphyrea  E   
Caladenia tessellata 
Thick Lip Spider Orchid 

V E  ü 

Cryptostylis hunteriana 
Leafless Tongue Orchid 

V V   

Rhizanthella slateri 
Eastern Underground Orchid 

E    

Diuris praecox 
Rough Double Tail 

 V   

Grevillea parviflora subsp. 
Parviflora 
Small-flower Grevillea 

V V  
ü 

Fauna 
Litoria aurea 
Green and Golden Bell Frog 

V E ü ü 

Litoria brevipalmata 
Green-thighed Frog 

 V   

Heleioporus australiacus  
Giant Burrowing Frog 

V    

Crinia tinnula 
Wallum Froglet 

 V   

Mixophyes balbus  
Stuttering Frog 
 

V E  
 

Litoria littlejohni   
Littlejohn's Tree Frog, Heath Frog 

V    

Mixophyes iteratus  
Giant Barred Frog 

E E   

Pseudophryne australis 
Red-crowned Toadlet 

 V   
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Legal Status* Potential 
Habitat 

Location 
=2km Species 

EPBC Act TSC Act   
Pyrrholaemus sagittatus 
Speckled Warbler 

 V   

Pandion haliaetus 
Osprey 

 V ü ü 

Botaurus poiciloptilus 
Australasian Bittern 

 V ü ü 

Ixobrychus flavicollis 
Black Bittern 

 V ü ü 

Burhinus grallarius 
Bush Stone-curlew 

 E   

Calyptorhynchus lathami 
Glossy Black-Cockatoo 

 V ü ü 

Charadrius leschenaultia 
Greater Sand-plover 

 V ü ü 

Charadrius mongolus 
Lesser Sand-plover 

 V ü 
 

Ephippiorhynchus asiaticus 
Black-necked Stork 

 E ü ü 

Ptilinopus magnificus 
Wompoo Fruit-Dove 

 V   

Ptilinopus superbus 
Superb Fruit-Dove 

 V   

Thalassarche melanophris 
Black-browed Albatross 

V V   

Stagonopleura guttata 
Diamond Firetail 

 V   

Haematopus fuliginosus 
Sooty Oystercatcher 

 V ü 
 

Haematopus longirostris 
Pied Oystercatcher 

 V ü ü 

Irediparra gallinacea 
Comb-crested Jacana 

 V  ü 

Sterna albifrons 
Little Tern 

 E ü 
 

Grantiella picta 
Painted Honeyeater 

 V  ü 

Xanthomyza phrygia 
Regent Honeyeater 

E E  ü 

Puffinus carneipes 
Flesh-footed Shearwater 

 V ü 
 

Lathamus discolor 
Swift Parrot 

E E  ü 

Macronectes giganteus  
Southern Giant-Petrel 

E  ü 
 

Macronectes halli  
Northern Giant-Petrel 

V  ü 
 

Pterodroma leucoptera leucoptera 
Gould's Petrel 

E  ü 
 

Pterodroma neglecta neglecta 
Kermadec Petrel (western) 

V  ü 
 

Rostratula australis   
Australian Painted Snipe 

V  ü 
 

Calidris alba 
Sanderling 

 V ü 
 

Calidris tenuirostris 
Great Knot 

 V ü ü 
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Legal Status* Potential 
Habitat 

Location 
=2km Species 

EPBC Act TSC Act   
Limicola falcinellus 
Broad-billed Sandpiper 

 V ü 
 

Limosa limosa 
Black-tailed Godwit 

 V ü ü 

Xenus cinereus 
Terek Sandpiper 

 V ü ü 

Ninox connivens 
Barking Owl 

 V  ü 

Ninox strenua 
Powerful Owl 

 V  ü 

Tyto novaehollandiae 
Masked Owl 

 V  ü 

Tyto tenebricosa 
Sooty Owl 

 V  ü 

Petalura gigantea 
Giant Dragonfly 

 E   

Dasyurus maculatus 
Spotted-tailed Quoll 

E V  ü 

Saccolaimus flaviventris 
Yellow-bellied Sheathtail-bat 

 V  ü 

Mormopterus norfolkensis 
Eastern Freetail-bat 

 V  ü 

Chalinolobus dwyeri   
Large-eared Pied Bat, Large Pied 
Bat 

V    

Isoodon obesulus obesulus 
Southern Brown Bandicoot 
(eastern) 

 E  
ü 

Potorous tridactylus tridactylus  
Long-nosed Potoroo (SE 
mainland) 

V    

Petaurus australis 
Yellow-bellied Glider 

 V   

Petaurus norfolcensis 
Squirrel Glider 

 V  ü 

Phascolarctos cinereus 
Koala 

 V  ü 

Pteropus poliocephalus 
Grey-headed Flying-fox 

V V  ü 

Falsistrellus tasmaniensis 
Eastern False Pipistrelle 

 V  ü 

Miniopterus australis 
Little Bentwing-bat 

 V  ü 

Miniopterus schreibersii 
oceanensis 
Eastern Bentwing-bat 

 V  
ü 

Myotis adversus 
Large-footed Myotis 

 V  ü 

Scoteanax rueppellii 
Greater Broad-nosed Bat 

 V  ü 
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APPENDIX 3  
Proximate Vegetation  

Communities (House 2003)
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Map Unit Description Canopy Species Inferred EEC 

47a Saltmarsh Sarcocornia quinqueflora subsp 
quinqueflora / sporobolus virginicus 

Coastal Saltmarsh 

Qa13 Closed heath/scrub ti-
tree 

Melaleuca ericifolia, Baumea articulate, 
Baumea rubiginosa 

 

43 Wyong Paperbark 
Swamp Forest 

Melaleuca nodosa, Eucalyptus longifolia, E. 
robusta, C. maculata 

 

15 Coastal Foothills 
Spotted Gum Ironbark 
Forest 

C. maculata , E. umbra, E. siderophloia  

31 Coastal Plains Scribbly 
Gum Woodland 

E. haemastoma, C. gummifera, E. 
capitellata, Angophora inopina. 

 

37 Swamp Mahogany – 
Paperbark Forest 

E. robusta , Melaleuca quinquenervia, 
Casuarina glauca.  

Swamp Sclerophyll Forest 

40 Swamp Oak Rushland 
Forest  

C. glauca, Melaleuca ericifolia, Baumea 
juncea. 

Swamp Oak Floodplain Forest 

42 Riparian Melaleuca 
Swamp Woodland  

Melaleuca sieberi, E. robusta. Swamp Sclerophyll Forest 
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APPENDIX 4  
Flora Species List 
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Species Common name 

Tetragonia tetragonoides New Zealand Spinach* 
Sarcocornia quinqueflora Samphire 
Isolepsis nodosa Knobby clubrush 
Juncus kraussi Sea rush  
Persicaria decipiens Slender knotweed * 
Commelina cyanea Native wandering jew * 
Cyperus sp.  
Einadia trigonos spp trigonos Fishweed * 
Pennisetum clandestinum Kikuyu * 
Phragmites australis Common reed  
Casuarina glauca Swamp Oak 
Atriplex prostrata Triangle orache * 
Atriplex sp.  
Rumex crispus Curled Dock * 
Hydrocotyle bonariensis Pennywort 
Sporobolus virginicus Salt-grass 
Paspalum vaginatum Saltwater Couch 
Cynodon dactylon Couch * 
Digitaria sanguinalis Summer grass * 
Sporobulus virginicus Marine Couch 
Stenotaphrum secundatum Buffalo grass 
Chenopodium sp  
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APPENDIX 5  
Survey Data  

(Barry Hunt Associates 2007) 



Wyong Shire Council, Tuggerawong Saltmarsh 
Section 91 Licence 

 

 
XX/Job No/xxxxxxfee 

Appendix 2 
NSW Fisheries Part 7 Permit 
























